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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.
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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.
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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/).
’The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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IEEE Std 118™-1978 (Reaff 1992), IEEE Standard Test Code for Resistance Measurements.

IEEE Std 119™-1974, IEEE Recommended Practice for General Principles of Temperature Measurement as
Applied to Electrical Appauratus.3

IEEE Std 120™-1989 (Reaff 1997), IEEE Master Test Guide for Electrical Measurements in Power Circuits.

3. General

3.1 Power Supply
3.1.1 Selection

Because the performance of an induction machine is dependent not only upon the value of the line voltage
and frequency but also on the wave shape and the balance in magnitude and phase angle of the line voltages,
correct data can be obtained only by careful measurement with accurate instrumentation and by employing a
suitable source of power.

3.1.2 Waveform

The power supply shall provide balanced voltages closely approaching a sinusoidal waveform. The har-
monic distortion coefficient, THD, shall not exceed 0.05. The THD is defined as shown in Equation (1).

£ - E?

THD = (1)

1

where

E, is the root-mean-square value of the fundamental of the voltage wave, in volts (V),

E is the total root-mean-square value of the voltage wave, in V.
3.1.3 Voltage unbalance

The voltage unbalance shall not exceed 0.5%. The percent voltage unbalance equals 100 times the maximum
voltage deviation from the average voltage divided by the average voltage.

Example: With line voltages of 220 V, 215 V, and 210 V, the average voltage is 215 V, the maximum devi-
ation from the average is 5, and the unbalance equals (100 x 5)/215 =2.3%.

3.1.4 Frequency

For general testing, the frequency shall be within £0.5% of the value required for the test being conducted,
unless otherwise specified. Any departure from the specified frequency during the test directly affects the
efficiency obtained with Efficiency Test Methods A, B, and B1. When these Methods are used, the fre-
quency shall be within +0.1% of the specified test value.

3IEEE 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/).
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Rapid changes in frequency cannot be tolerated during testing because such variations affect not only the
machine being tested, but also the output measuring devices. Variations in frequency during a test shall not
exceed 0.33% of the average frequency.

3.2 Types of tests

3.2.1 Typical

Polyphase induction machines are normally given a routine test, but they may also be given additional tests.
For machine tests included in a typical routine test, refer to NEMA MG 1-2003 [B7]4 parts 12 and 20.

A typical form for reporting routine test data is shown in Annex B. A typical form for reporting additional
test data is shown in Annex C.

3.2.2 Preliminary tests

The measurement of the winding resistance is commonly the first test performed. The resistance or the con-
tinuity of all windings and circuits should be measured at this time.

The ambient temperature is measured using the procedure of IEEE Std 119-1974. If the machine has embed-
ded detectors, these may be used to confirm that the winding is at the ambient temperature.

3.2.3 Idle running tests

Running tests without load are made for the determination of core loss and windage and friction losses.
Some other tests such as shaft voltage may also be performed under these conditions.

3.2.4 Tests with load

Tests with load are made for the determination of efficiency, power factor, speed, current, and temperature
rise. Some of the miscellaneous tests outlined in Clause 8 are also made with load. For all tests with load, the
machine shall be properly aligned and securely fastened. For readings to be used in performance determina-
tions, the machine temperature rise shall be some value between 50% and 120% of the rated temperature
rise. The usual procedure is to take readings at higher loads first and then follow with readings at lower
loads.

3.2.5 Tests with rotor locked

It should be recognized that the testing of induction machines under locked-rotor conditions with polyphase
power involves high mechanical stresses and high rates of heating. Therefore, it is necessary that

a)  The mechanical means of securing the machine and locking the rotor are of adequate strength to pre-
vent possible injury to personnel or damage to equipment.

b)  The direction of rotation is established prior to the test.

¢) The machine is at approximately ambient temperature before the test is started.

The current and torque readings shall be taken as quickly as possible, and, to obtain representative values,
the machine temperature should not exceed rated temperature rise plus 40 °C. The readings for any point
shall be taken within 5 seconds after voltage is applied.

“The numbers in brackets correspond to those of the bibliography in Annex A.
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3.2.6 Choice of tests

A complete list of tests covered by this standard is given in the table of contents. Alternate methods are
described for making many of the tests suitable for different sizes and types of machines and different condi-
tions. In some cases, the preferred method is indicated. Also see 6.2.1.

The schedule of factory and field tests that may be required on new equipment is normally specified by
applicable standards or by contract specifications. The manufacturer’s choice of method for factory or field
tests on new equipment will govern in lieu of prior agreement or contract specification.

3.3 Standardized temperatures
3.3.1 Reference ambient temperature

The reference ambient temperature shall be 25 °C. If the ambient temperature during any performance test
differs from the reference ambient, the performance determinations shall be corrected to an ambient temper-
ature of 25 °C. The actual test temperatures shall be used in the separation of losses in the no-load test and in
determining the stray-load loss by the direct method.

3.3.2 Specified temperature

The efficiency of the machine, at all loads, shall be determined based on the machine being at the specified
temperature.

To accurately determine the values of some of the component losses with some efficiency test methods, it is
necessary that the actual test temperatures be used in the analysis. If these test temperatures are not equal to
the specified temperatures, appropriate corrections of the temperature dependent IR losses shall be made.

The specified temperature shall be determined by one of the following, which are listed in order of
preference:

a)  The specified temperature is the measured temperature rise by resistance from a rated load tempera-
ture test plus 25°C. Rated load is the rating identified on the nameplate at a 1.0 service factor.

b) The specified temperature is the measured temperature rise, as outlined in item a), on a duplicate
machine. A duplicate machine is defined here as one of the same construction and electrical design.

¢)  When the rated load temperature rise has not been measured, the specified temperature is selected
from Table 1 based on the class of the insulation system. If the rated temperature rise is stipulated to
be that of a lower class of insulation system than that used in the construction, the temperature value
listed for the lower insulation class shall be used as the specified temperature.

Preference c) shall not be used in Efficiency Test Method B; only preferences a) and b) are acceptable.

3.4 Use of this standard

After the test and test method are chosen, all necessary data may be obtained by following the instructions
and precautions given in the subclause describing the test. Many of these subclauses include alternate meth-
ods for obtaining the necessary data. Unless otherwise specified, the manufacturer may choose the method
best suited to the facilities available. It is anticipated that the development of improved practices and new
equipment, such as electronic and automatic devices, will result in new or improved methods of carrying out
the intent of this test standard. New or modified methods may be used as substitutes when their results have
been shown to be reliable and consistent with those obtained by the methods given in this test procedure.
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Table 1—Specified temperature for efficiency calculations when the machine rated load
temperature is not measured

. . Temperature in °C
Class of insulation Total includi

system ( ot% temperature including
¥ 25°C reference ambient)

A 75

B 95

F 115

H 130

3.5 Precautions

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

4. Measurements

4.1 Electrical

4.1.1 RMS quantities

All voltage and current measurements are root-mean-square (rms) values, unless otherwise indicated.
4.1.2 Instrument selection

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

a) Loading of the signal source
b) Lead calibration

c¢) Range, condition, and calibration of the instrument

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

Electronic instruments are generally more versatile and have much higher input impedances than nonelec-
tronic instruments. Higher input impedance reduces the need to make corrections for the current drawn by
the instrument. However, high input impedance instruments can be more susceptible to noise.

Common sources of noise are
— Inductive or electrostatic coupling of signal leads to power systems
— Common impedance coupling or ground loops
— Inadequate common-mode rejection

— Conducted interference from the power line
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Good practice requires using shielded twisted pairs for signal leads, grounding the shield at only one point,
keeping the signal cables as far away as possible from power cables, and keeping the crossings at right
angles when signal and power cables do cross. All exposed metal parts of instruments should be grounded
for safety.

The instruments shall bear record of calibration, within 12 months of the test, indicating limits of the error
no greater than +0.5% of full scale for general testing or no greater than £0.2% of full scale when the test
results are for use with Efficiency Test Method B. When several instruments are connected in the circuit
simultaneously, additional corrections of the instrument indication may be required.

When suitable automatic 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.

4.1.3 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 errors of the transformers used shall not be greater than +0.5% for general testing or not greater than
+0.3% when the test results are for use with Efficiency Test Method B. When instrument transformers and
instruments for measuring voltage, current, or power are calibrated as a system, the errors of the system shall
not be greater than +0.2% of full scale when the test results are for use with Efficiency Test Method B.

4.1.4 Voltage

Each of the line-to-line voltages shall be measured with the signal leads connected to the machine terminals.
If local conditions will not permit such connections, the difference between the voltage at the machine ter-
minals and the point of measurement shall be evaluated and the readings shall be corrected. The arithmetic
average shall be used in calculating machine performance from the test data.

4.1.5 Current

The line currents to each phase of the motor shall be measured, and the arithmetic average value shall be
used in calculating machine performance from the test data.

4.1.6 Power

Power input to a three-phase motor or power output from a three-phase generator may be measured by two
single-phase wattmeters connected as in the two wattmeter method, one polyphase wattmeter, or three single
phase wattmeters. Power readings shall be corrected for meter losses if they are significant.

All power measurements and calculations, both electrical and mechanical, herein are in watts. On large
machines it may be more practical to work with power quantities expressed in kilowatts. If the unit of mea-
sure is changed, take care that all affected values are properly converted.

4.2 Resistance
4.2.1 Instrument selection

Calibrated high-accuracy instrumentation shall be used. Either analog instruments (such as a Kelvin bridge)
or digital instruments may be used in testing.
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The instruments shall bear record of calibration, within 12 months of the test, indicating limits of the error
no greater than +0.2% of full scale.

When a suitable automatic data acquisition system is available, it may be used.
4.2.2 Resistance measurement

The procedures given in IEEE Std 118-1978 and IEEE Std 119-1974 should be used when measuring the
resistance of the stator winding (and the rotor winding on wound-rotor machines).

4.3 Mechanical
4.3.1 Power

Mechanical power measurements shall be taken with the greatest care and accuracy. If a mechanical brake is
to be used, the tare, if present, shall be carefully determined and compensated for. If dynamometer output
measurements are used, coupling and bearing friction losses must be compensated for. Properly sized dyna-
mometers should be used, such that the coupling, friction, and windage losses of the dynamometer (see the
note below) measured at rated speed of the machine being tested should not be greater than 15% of the rated
output of the machine being tested; and the dynamometer should be sensitive to a change of torque of 0.25%
of the rated torque.

NOTE—A dynamometer is defined as a device for applying torque to the rotating member of the test machine. It is
equipped with means for indicating torque and speed, and is not limited to a cradle base construction. An in-line torque
transducer may be used to provide a direct measurement of torque at the test machine shaft?

The errors of the instrumentation used to measure mechanical torque shall not be greater than +0.2% of full
scale.

4.3.2 Speed and slip
4.3.2.1 Instruments

Stroboscopic or digital tachometer methods shall be used to determine slip or speed. When a stroboscope is
used to measure slip, the power supply for the stroboscope shall have the same frequency as the motor
power supply.

When the speed is measured, the instrumentation used shall have an error of not greater than +1.0 r/min of
the reading.

4.4 Temperature
4.4.1 Methods of measuring temperatures

The temperature of various machine parts or coolant may be measured by the following:
a)  Alcohol thermometer
b) Local temperature detector
¢) Embedded detector

d) Winding resistance

SNotes in text, tables, and fi gures are given for information only, and do not contain requirements needed to implement the standard.
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The temperatures measured by any of these methods can deviate substantially from those determined by the
other listed methods. Therefore, the temperatures so measured by one method shall not be interpreted in
relation to standards written in terms of the other methods.

™

For general information, refer to IEEE Std 119-1974 and IEEE Std 1 -1986 [B5].
4.4.1.1 Alcohol thermometer
Alcohol thermometers are used to measure the temperature of accessible parts of the machine under test.

Temperatures taken by the alcohol thermometer method may be measured on the following parts:
a)  Stator coils, in at least two places
b)  Stator core, in at least two places
¢) Ambient

d)  Air discharged from frame or air discharge ducts, or internal coolant discharged to the inlet of cool-
ers of machines with recirculating cooling system

e) Frame

f)  Bearings (when part of the machine)

The alcohol thermometers should be located to obtain the highest temperature for the item being measured,
except for ingoing and discharge air or other coolant temperature, for which they should be placed to obtain
average values.

4.4.1.2 Local temperature detector

The local temperature of various parts of a machine can be determined using local temperature detectors
such as

a)  Thermocouples
b)  Small resistance thermometers

¢)  Thermistors

The maximum dimension of the detecting element of these local temperature detectors should not exceed
5cm.

These detectors can be used to measure temperatures in the same locations as alcohol thermometers, see
4.4.1.1, and are commonly used in areas on or within the machine that are not accessible to an alcohol ther-
mometer. They are frequently installed as permanent parts of a machine and are available for use during
tests.

The detecting element should be located on or in close thermal proximity to the part at which the local
temperature is to be measured to obtain the highest temperature for that item, except for the incoming and
discharge air or other coolant temperature, for which it should be placed to obtain the average value.

Specially designed instruments should be used with local temperature detectors to prevent the introduction
of significant errors or possibly damaging the detector during the measurement. Because of the variety of
materials used in these detectors, take care to insure the instrument selected is suitable for the specific mate-
rial used in the detector or is matched to the resistance value when resistance thermometers are used. Many
ordinary resistance measuring devices may not be suitable for use with resistance thermometers because of
the relatively large current that may be passed through the resistance element while making the
measurement.
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4.4.1.3 Embedded detector

Embedded detectors, such as resistance temperature detectors (rtds) or thermocouples, are commonly used
on large machines to monitor the winding temperature during operation and are available for use during
machine testing. They are usually installed between coil sides within a stator slot. An rtd gives a reading that
is the average of the temperature of the two abutting coil sides over the length of the sensing element. A
thermocouple measures the temperature of the spot where the thermocouple junction is located between the
two coil sides.

The precautions on the selection of instrumentation in 4.4.1.2 also apply here.
4.4.1.4 Winding resistance

The average temperature of a winding can be determined by comparing the resistance of the winding at the
temperature to be determined with the resistance at a known temperature. This method utilizes the character-
istic of the conductor material where, in the temperature range of interest, the winding resistance changes in
direct proportion to the winding temperature. See 5.2.1.

4.4.2 Ambient temperature

The procedure of IEEE Std 119-1974 should be followed in measuring the ambient temperature.

4.5 Procedure

Whenever a series of increasing or decreasing readings of data are made, care should be taken in each case
not to overrun the desired setting to avoid the introduction of hysteresis losses caused by a reversal in the
direction of the test.

4.6 Safety

CAUTION

Because of the dangerous currents, voltages, and forces encountered, safety precautions shall be taken for all tests.
No attempt is made here to list or review the manifold general safety precautions that are well established through-
out industry. However, this standard includes special safety precautions applicable to the particular tests described.
All tests should be performed by knowledgeable and experienced personnel.

5. Machine losses and tests for losses

This clause identifies the losses of an induction machine and describes tests and calculations to be used to
determine these losses and the machine performance characteristics. The results of these tests are used in
making the efficiency and performance determinations of Clause 6. All tests and procedures of this clause
are not required in all of the efficiency analysis methods. Refer to the specific efficiency test method of
interest in Clause 6.

Alternate test methods are presented where appropriate.
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5.1 Types of losses

The losses of an induction machine include:
— Stator IR loss, see 5.2
— Rotor PR loss, see 5.3
—  Friction and windage loss, see 5.5.4
— Coreloss,see 5.5.5
— Stray-load loss, see 5.7
— Brush-contact loss, see 5.10

Other individual tests or procedures are required to support some of the efficiency test methods. These
include:

—  Shaft power, see 5.6.1.1
— Dynamometer correction, see 5.6.1.2
— Equivalent circuit, see 5.9

— Temperature test, see 5.8

5.2 Stator I°R loss

For a three-phase machine, the stator I°R loss, Pgr, in watts is as shown in Equation (2).

2 2
Pgr = 1.5I'R = 3I'R, (2)
where
1 is the measured or calculated current per line terminal, in amperes (A),
R is the dc resistance, in ohms, between any two line terminals —corrected to the appropriate

temperature, if required (see 5.2.1),
Ry is the per phase dc resistance, in ohms (see 5.9).

5.2.1 Resistance correction for temperature

Some of the test analyses require that the winding resistance be adjusted or corrected to another temperature.
With the winding resistance value, R, available at a known temperature, 7,,, the resistance value at any other
temperature, #;, can be determined using Equation (3).

R (ty+ky)
R, = ——t U (3)
t,+k
where
R, is the known value of winding resistance, in ohms, at temperature ¢,
t, is the temperature, in °C, of winding when the resistance R, was measured,
t, is the temperature, in °C, to which the resistance is to be corrected,

Ry, is the winding resistance, in ohms, corrected to the temperature #;,
ky is 234.5 for 100% IACS conductivity copper, or 225 for aluminum, based on a volume
conductivity of 62%.

For other winding materials, a suitable value of & (inferred temperature for zero resistance) shall be used.
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When a winding resistance value is calculated for a different temperature, ¢, and #; shall be based on the
same method of measure. See 4.4. When any winding IR loss is determined at a temperature, the calcula-
tion shall use a winding resistance value that is based on the winding being at an average (or uniform)
temperature. The specified temperature, the temperature at shutdown (measured by resistance) and the tem-
perature when the cold resistance is obtained are all average temperatures. It may not be possible to obtain
average temperature readings during some tests (such as during a load test) and special procedures for eval-
uating the average winding temperature using local detector readings may be necessary. One such procedure
is utilized in 6.4.2 4.

5.3 Rotor I°R loss

The rotor I°R loss, including brush-contact losses for wound-rotor machines, shall be determined from the
slip using Equation (4) or Equation (5) as follows:

motor rotor IR loss = (measured stator input power — stator IR loss — core loss) x s 4)

generator IR loss = (measured stator output power + stator IR loss + core loss) x s 5)
where

s is slip, in per unit (p.u), with synchronous speed as base speed, see Equation (8).

All power items are in watts (W).

5.3.1 Slip

The slip speed, in r/min, can be measured directly by stroboscopic means or it can be calculated from the
measured speed. This value then must be converted to a numeric or per unit value for use in the analyses.

The slip speed is the difference between synchronous speed and measured speed, in r/min [see

Equation (6)].
slip speed = n, +n, (6)
where
n, = 120 x L %
p
and
ng is the synchronous speed, in r/min,

is the measured speed, in r/min,

ny
f is the line frequency, in hertz,
p is the number of poles.

Slip expressed as a per unit quantity is

¢ = slip speed (in r/min) ®)

synchronous speed (in r/min)

NOTE—1It is assumed the number of poles is known. If not, the number of poles can be determined by using no-load test
data and by rearranging Equation (7) to solve for p. (Multiply the input frequency times 120 and then divide by the mea-
sured idle speed.) This calculation will result in a value very near an even number (0% to 4% high). Round this value to
the nearest lower even number (such as, 2, 4, 6, etc.) and this is the number of poles in the machine.
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5.3.2 Slip correction for temperature

The slip, in p.u., is directly related to the rotor resistance. Thus, the slip can be corrected for temperature
using the same basic relationship as for resistance and temperature. The corrected value of slip is used in
determining the rotor I2R loss in the final adjustments when using Efficiency Test Methods B, B1, and C.
Use Equation (9) to correct the test slip measurements to the specified stator temperature.

. = s,(t,+ k) ©)
N (t,+ k)
where
S is the slip, in p.u., corrected to specified stator temperature, Z,
St is the slip, in p.u., measured at stator winding temperature, #;,
ts is the specified temperature for resistance correction, in °C, see 3.3.2,
t is the observed stator winding temperature during load test, in °C,

k1 is 234.5 for 100% IACS conductivity copper, or 225 for aluminum, based on a volume
conductivity of 62% (based on rotor conductor material).
NOTES:

1 —For other rotor winding materials, a suitable value of k1 (inferred temperature for zero resistance) shall be used.

2—The values for g and #; shall be based on the same method of measurement of temperature, see 5.2.1.

5.4 Winding resistance—cold

With the machine at ambient temperature, measure the terminal-to-terminal winding resistance with the
machine connected in the configuration to be used in the efficiency testing. Measure and record all combina-
tions, i.e., T1-T2, T2-T3, and T3-T1, to assure that the specific precise value needed in further analyses will
be available. Also measure and record the ambient temperature. See 3.2.2.

5.5 No-load test

This test is performed by running the machine as a motor at rated voltage and frequency with no connected
load. When separation of no-load losses is to be accomplished, run this test and read temperature, voltage,
current, and power input at rated frequency and at voltages ranging from 125% of rated voltage down to the
point where further voltage reduction increases the current.

5.5.1 Bearing loss stabilization

Some motors may experience a change in friction loss until the bearings reach a stabilized operating condi-
tion. In grease lubricated antifriction bearings, stabilization will not occur until there is no excess grease
present in the path of the moving parts. This may require a number of hours of running to completely stabi-
lize the no-load input power. Stabilization can be considered to have occurred whenever the power input at
no-load does not vary by more than 3% between two successive readings at the same voltage at half-hour
intervals. This bearing loss stabilization test may not be necessary if a temperature test has been performed
prior to no-load testing.

5.5.2 No-load current

The average of the line currents at rated voltage is the no-load current.
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5.5.3 No-load losses

The measured input power is the total of the losses in the motor at no-load. These losses consist of the stator
I2R, friction (including brush-friction loss on wound-rotor motors), windage, and core losses.

5.5.4 Friction and windage

The friction and windage loss may also be determined by performing a linear regression analysis using three
or more lower points of the power versus voltage squared curve. To determine the friction and windage loss,
subtract the stator I2R loss (at the temperature of the test) from the total losses (i.e., input power) at each of
the test voltage points and plot the resulting power curve versus voltage, extending the curve to zero voltage.
The intercept with the zero voltage axis is the friction and windage loss. This intercept may be determined
more accurately if the input power minus stator /2R loss is plotted against the voltage squared for values in
the lower voltage range.

5.5.5 Core loss

The core loss, Py, at each test voltage is obtained by subtracting the value of friction and windage loss
(determined in 5.5.4) from the input power minus stator I2R loss (determined in 5.5.4). A plot of core loss
versus voltage can be constructed for use in determining the core loss at any desired voltage.

5.6 Load test

Most of the efficiency test methods require that a load test be performed either to directly determine the effi-
ciency as in Efficiency Test Method A or to determine the stray-load loss as in Efficiency Test Methods B,
B1, and C. The machine is coupled to a load machine and is subjected to loads at four load points approxi-
mately equally spaced between not less than 25% and up to and including 100% load, and two load points
suitably chosen above 100% load but not exceeding 150% load. A spread in load test points is necessary to
determine the efficiency accurately over the entire load range of the machine and more than six load points
may be used if desired.

Readings of electrical power, current, voltage, frequency, speed or slip, torque, stator winding temperature
or stator winding resistance, and ambient temperature shall be obtained at each load point. In loading the
machine, start at the highest load value and move in descending order to the lowest.

The common loading means are as follows:
— Dynamometer. See 5.6.1.
— Direct loading without torque measurement. See 5.6.2.

— Duplicate machine loading. See 5.6.3.
5.6.1 Dynamometer loading

For this test, the machine is loaded by means of a mechanical brake or dynamometer (see 4.3.1) and tested as
described in 5.6.

This test should be performed as quickly as possible to minimize temperature changes in the machine during
testing.

For Efficiency Test Method B, the temperature of the stator winding shall be within 10 °C of the hottest
temperature reading recorded during the rated load temperature test on this or the duplicate machine prior to
the start of recording data for this test.
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5.6.1.1 Mechanical power

The shaft power, in W, of the machine under test at each load point is obtained from Equation (10) using the
test values of torque and speed. The torque may require correction for dynamometer losses. See 5.6.1.2.

P 2xn,T _ n;T (10)
60 ky

where

P is shaft power, in watts (W),

n; is the measured speed or the speed calculated using measured slip, in r/min,

ko is 9.549 for torque in Newton meters (N-m),

T is the torque6, in N'm. See Equation (11) if dynamometer correction is required.

T =Txz=T), (11
where

T; is a measured machine shaft torque, in N-m,

Tp  is the dynamometer correction from Equation (12), in N-m.

NOTE—In Equation (11), use the plus sign for motoring and the minus sign for generating. The terms motoring and
generating refer to the action of the machine under test.

5.6.1.2 Dynamometer correction

A dynamometer no-load test combined with a machine no-load test can be used to determine the dynamom-
eter correction to compensate for coupling and bearing friction losses of the dynamometer. This test is not
generally necessary when the load on the test machine is measured using a torque transducer in line with the
shaft of the machine because the low coupling losses do not significantly affect efficiency. The machine is
operated as a motor at rated voltage while coupled to the dynamometer and all electrical power removed
from the dynamometer. The electrical input power, voltage, current, slip or speed, torque, and stator winding
resistance or stator winding temperature shall be recorded. The machine is then uncoupled from the dyna-
mometer and operated at no load at rated voltage with the electrical input power, voltage, current, slip or
speed, and stator winding resistance or stator winding temperature again recorded. Test data from a no-load
test point at rated voltage (see 5.5) may be used for the no-load data when it is not practical to uncouple the
machine from the dynamometer for this test. The dynamometer correction, in N'm, is determined from

Equation (12).
T, = kszJA—r;P—B-TA (12)
where
Py= (Piy—Pspg—Pp)x (1-s,) (13)
Py = (Pyp—Pgspp—Py) (14)
and

SFor other units of measure, see Annex D.
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Tp  is the correction to be applied the load torque before performing the power calculation of 5.6.1.1,

Pina is input power, in W, when the machine under test is operated as a motor when coupled to a
dynamometer with the dynamometer armature circuit open, (Test A),

Psira is the stator I2R loss, in W, during Test A,

SA is slip, in p.u., during Test A,

T4  is the torque, in N-'m, registered by the dynamometer during Test A,

na is the measured speed or the speed calculated using measured slip, in r/min, during Test A,

Pi,p s the input power, in W, during a no load test at rated voltage, (Test B),

Psirp is the stator I2R loss, in W, during a no load test at rated voltage, (Test B),

Py, is the core loss, in W, during a no load test at rated voltage,

ko is 9.549 for torque in N'm.
5.6.2 Direct loading with no torque measurement

To obtain the required data in Efficiency Test Method E, it is necessary to couple, belt, or gear the machine
to a variable load and then perform the test as described in 5.6. A reading of torque at each load point is not
required.

The stator winding resistance for each load point can be estimated by comparing the temperature rise
measured by an embedded temperature detector, a temperature sensor located on the stator coil end, or the
air outlet temperature rise, with corresponding temperature rise measurements obtained as steady-state
values during a temperature test. When no temperature test is performed on this or on a duplicate machine,
the calculations in the efficiency analysis are made with the stator winding resistance corrected to the total
specified winding temperature assumed for the test. See 3.3.2, item c).

5.6.3 Duplicate machine loading

The load test for Efficiency Test Method C utilizes two duplicate machines coupled together. Varying the
frequency of the voltage applied to one machine controls the load level and the direction of power flow
between machines. This procedure is presented in 6.6.

5.7 Stray-load loss

The stray-load loss is that portion of the total loss in a machine not accounted for by the sum of the friction
and windage loss, the stator 2R loss, the rotor /2R loss, and the core loss.

5.7.1 Indirect measurement

The stray-load loss is determined indirectly by measuring the total losses, and subtracting from these losses
the sum of the friction and windage, core loss, stator /2R loss, and rotor I2R loss. The remaining value is the

stray-load loss. The indirect measurement procedure is used in Efficiency Test Methods B, B1, C, and C/F
(see 64,6.5,6.6,and 6.9).

5.7.2 Direct measurement

Direct measurement of the stray-load loss is used in efficiency methods E, F, and E/F (see 6.7, 6.8, and 6.9).
The fundamental frequency and the high-frequency components of the stray-load loss are determined and
the sum of these two components is the total stray-load loss.
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5.7.2.1 Stray-load loss at fundamental frequency

The stray-load loss occurring at fundamental frequency is determined by applying balanced polyphase
voltage to the stator-winding terminals with the rotor removed. The electrical input minus the stator I2R loss
at test temperature is equal to the fundamental frequency stray-load loss. During this test, bearing brackets
and other structural parts in which current might be induced shall be in place. The currents used in making
this test and that described in 5.7.2.2 are identified as I,, with values established by Equation (15) for
magnitudes covering the range of loads from 0.25 to 1.5 times rated load, as indicated by the appropriate test
procedure. Vary the applied voltage to obtain the established currents and record input power and current
and the winding temperature.

1= [(P=1) (15)

where
I; is the value of stator winding current, in A, during stray-load loss test,
Iy is the value of no-load current, in A (see 5.5.2.),
1 is the operating value of stator line current, in A, for which stray-load loss is to be determined.

5.7.2.2 Stray-load loss at high frequency

The stray-load loss occurring at high frequencies is determined by a reverse rotation test. With the motor
completely assembled, apply balanced polyphase voltages at rated frequency at the stator winding terminals.
The rotor is then driven by external means at or near synchronous speed in the direction opposite to the sta-
tor field rotation and the electrical input to the stator winding is measured.

CAUTION

To prevent overheating during this test of machines with unidirectional cooling systems, it is recommended that
such machines be driven by an external means at or near synchronous speed in the normal direction for proper ven-
tilation and that the power connections to the stator be reversed to have the stator field rotation opposite to that of
the mechanical rotation. Record the electrical input to the stator during the test.

The mechanical power required to drive the rotor is measured both with and without current in the stator
winding. A balanced polyphase voltage is applied to the stator winding to obtain the same values of current
magnitude as used in 5.7.2.1. The magnitude of the currents must be the same. For wound-rotor motors, the
rotor terminals shall be short-circuited. At each current point, measure and record the mechanical power to
drive the motor, the electrical input power and current, and the winding temperature. Record mechanical
power input at zero input current.

NOTE-The low power factors encountered during the tests specified in 5.7.2.1 and 5.7.2.2 make it imperative that phase
angle error corrections be applied to all wattmeter readings. Refer to IEEE Std 120-1989.

5.7.2.3 Stray-load loss calculation

The stray-load loss is determined by combining the above fundamental frequency and the high-frequency
components. The stray-load loss, Pg;, in W, is shown in Equation (16).

Pg, = Py + Py, (16)
where

Psrs = (Py—stator I2R loss), in W, and is the fundamental frequency stray-load loss,
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Ps;, = (Pr—Py,) — (P, — Psp s — stator IR loss), in W, and is the high-frequency loss,
P,,  is the mechanical power, in W, required to drive rotor without voltage being applied at stator

winding terminals,
P, is the mechanical power, in W, required to drive rotor with voltage applied at stator winding

terminals,
P, 1isthe electrical input, in W, to stator winding during reverse-rotation test,

Py is the electrical input, in W, to stator winding with rotor removed.

Stator I2R loss shall be calculated as in Equation (2) using the current and resistance at each point.
5.7.2.4 Smoothing the test data

Smooth the raw data; (P, — P,,), Py and P; from the tests of 5.7.2.1 and 5.7.2.2 using a series of three
regression analyses. Each regression analysis is of the log of a test power vs. the log of the test current. The
result of these analyses is shown in Equation (17) through Equation (19).

PP, =A,1)" (17)
P, = 4,(1)" (18)
N.
P, = A5(1)" (19)
where

A is the y intercept on a log-log plot (a constant),
N is the slope on a log-log plot (approximately 2),
I; is the observed line current during the stray-loss test, in amperes.

If the data are accurate, each curve will conform to a square-law relationship between power and current.
Thus, the correlation factor from the regression and exponent for each curve both serve as indicators of data
accuracy.

5.7.2.5 Calculating stray-load loss at a specified point

Determine an approximate value of rotor 2current /'y corresponding to the rated value of stator line current,
I, as in Equation (20).

r2= PR )

where
1 is the rated value of stator line current, in A,
Iy is the value of no-load stator current, in A.

Using the value of rotor current I'5, calculate a value of stray-load loss P'sy, for three-phase machines as
follows in Equation (21):

' 1 N, 1 N, 1 N 2
P'sp=A4,(I'2) +24,(I'7) "—A5(I'2) =3 x('2) x(2R;—R,,) (21)
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where

P's; s the value of stray-load loss, in W, for approximate value of rotor current corresponding to rated
load,

I is the approximate value of rotor current, in amperes, corresponding to rated load from
Equation (20),

Rys; s the stator resistance per phase, in ohms, during the rotor removed test at test temperature

(see 5.7.2.1),
Ry, s the stator resistance per phase, in ohms, during the reverse rotation test at test temperature

(see 5.7.2.2).

NOTE—The resistance values above are per phase values that are equal to one half of the line-to-line values.
The value of stray-load loss, Psy, for any load point is calculated as shown in Equation (22).
I)\2
Py, = Ploy(2) (22)
'y

The value of rotor current for each load point to be considered in the efficiency analysis is determined by
Equation (23).

L= JP-I (23)

where
1 is the value of stator line current, in A, for which stray-load loss is to be determined,
Iy is the value of no-load current, in A.

5.7.3 Alternate direct method for wound-rotor motors

This method is used with Efficiency Test Methods E, F, and E/F (see 6.7, 6.8, and 6.9). In this method, the
rotor is excited with direct current, and the stator winding terminals are short-circuited with ammeters
included to read the stator current. The rotor is driven by external means at or near synchronous speed. The
rotor excitation is adjusted until the current circulating in the stator winding has the value for which a stray-
load loss determination is desired. The mechanical power required to drive the rotor with excitation, P, and
without excitation, P,,, is measured and the stray-load loss, Pgy , is calculated as shown in Equation (24).

Py, =P.-P,— statorwindingI’R loss (24)

If six load points are used, the accuracy can be improved by plotting stray-load loss vs. stator winding
current squared and by following a smoothing procedure similar to that used in 5.7.2.4. The stator 2R in
Equation (24) is at the temperature during the test.

5.7.4 Assumed stray-load loss

An assumed value of stray-load loss is used with Efficiency Test Methods El, Fl, and EI/FI (see 6.7, 6.8, and
6.9). If the stray-load loss is not measured and it is acceptable by applicable standards or by contract
specifications, the value of stray-load loss at rated load may be assumed to be the value as shown in Table 2.

For other than rated load, it shall be assumed that the stray-load loss, Py, is proportional to the square of the
rotor current and a value can be calculated using Equation (22) with P's;, equal to the assumed value from
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Table 2— Assumed values for stray-load loss

Machine rating kW Stray;lf()fatielgslsog grcent
1-90 1.8%
91-375 1.5%
376-1850 1.2%
1851 0.9%
and greater

Table 2, I'; equal to the rotor current corresponding to rated load, and I being the rotor current at the load
where the stray-power loss is to be determined.

5.8 Temperature test
5.8.1 Purpose

Temperature tests are made to determine the temperature rise of certain parts of the machine above the
ambient temperature when running under a specified loading condition. Subclauses 5.8.2 through 5.8.5 are
guides for the test and for the treatment of the data.

5.8.2 General instructions

The machine shall be shielded from air currents coming from pulleys, belts, and other machines. A very
slight current of air may cause great discrepancies in the temperature test results. Conditions that result in
rapid change of ambient air temperature shall not be considered satisfactory for temperature tests. Sufficient
floor space shall be provided between machines to allow free circulation of air.

5.8.2.1 Measuring devices

Temperature measuring devices shall be in accordance with IEEE Std 119-1974. At the start of the
temperature test, all instruments shall be checked to make certain that there are no appreciable instrument
errors due to stray field effects.

5.8.2.2 Temperature of rotors and other parts of totally enclosed machines

The temperature of rotors and other parts of totally enclosed machines, for which the thermometer method is
used, shall be obtained after shutdown by applying the thermometer to the hottest parts that can be made
quickly accessible by removing covers.

5.8.3 Loading method

The loading method for making the temperature test shall be one of the following:
a)  Actual loading method
b)  Primary-superposed equivalent method

c¢) Forward stall equivalent method
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