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Foreword

(This foreword is not a part of IEEE Std 112-1991, IEEE Standard Test Procedure for Polyphase Induction Motors

and Generators.)

This standard provides the basic test procedure for evaluating polyphase induction mo-
tors and generators of all sizes. This standard has been revised many times due to con-
stant improvements in instrumentation and increasing knowledge of the art of measure-
ment. As a result, this document has become difficult to read and hard to follow for anyone

not familiar with its history.

The increasing emphasis on energy conservation and the international harmonization
of standards has made it imperative that this basic test procedure be easy to interpret.

In this latest revision, the document has been completely reorganized to improve its
readability. An effort has also been made to harmonize this standard with Canadian stan-
dard C390. This revision was carefully written so that references, in contracts, to certain
types of tests for machines will apply equally to both this revision and its predecessor.

The most accurate procedures for measuring efficiency, verified by extensive compara-
tive testing, conducted by NEMA and the Accredited Standard Committee C50 are in-

cluded.
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IEEE Standard Test Procedure for
Polyphase Induction Motors and Generators

1. Scope

This standard covers instructions for conducting and reporting the more generally ap-
plicable and acceptable tests 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 procedures shall not be interpreted as
requiring the performing of any specific test in a given transaction.

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 sections applying to motors and sec-
tions applying to generators. Whenever the term “motor” is used, it is to be understood that
it may be replaced by the term “generator,” if applicable.

2. References

The following standards shall be used in conjunction with this document. When these
standards are superseded by an approved revision, the latest revision shall apply.

[1] IEEE Std 4-1978, IEEE Standard Techniques for High Voltage Testing (ANSI).!

[2] IEEE Std 43-1974 (Reaf 1991), IEEE Recommended Practice for Testing Insulation
Resistance of Rotating Machinery (ANSI).

[3] IEEE Std 85-1973 (Reaf 1986), IEEE Standard Test Procedure for Airborne Sound
Measurements on Rotating Electrical Machinery.

[4] IEEE Std 118-1978, IEEE Standard Test Code for Resistance Measurements.

[5] IEEE Std 119-1974 (Withdrawn), IEEE Recommended Practice for General Principles of
Temperature Measurement as Applied to Electrical Apparatus.?

[6] IEEE Std 120-1989, IEEE Master Test Guide for Electrical Measurements in Power
Circuits (ANSI).

IIEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA.

2This standard has been withdrawn by the IEEE. Photocopies of this document are available from the IEEE
Service Center.
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3. Tests — General

3.1 Types of Tests. Polyphase induction machines are normally given a routine test, but
they may also be given additional tests.

For typical routine tests refer to NEMA MG1-1987 [B3]?, parts 12 and 20.

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

3.2 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 differ-
ent sizes and types of machines and different conditions. In some cases, the preferred
method is indicated.

The schedule of factory and field tests that may be required on new equipment is nor-
mally 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 Use of This Standard. After the test method is chosen, all necessary data may be ob-
tained by following the instructions and precautions given in the subsection describing the
test. Many of these subsections include alternate methods for obtaining the necessary data.
Unless otherwise specified, the manufacturer may choose the method best suited to the fa-
cilities 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 meth-
ods of carrying out the intent of these test procedures. 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 these test procedures.

3.4 Test 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
Section 9 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 determinations,
the machine temperature rise shall be some value between 50% and 100% of rated tempera-
ture rise. The usual procedure is to take readings at higher loads first and then follow with
readings at lower loads.

3.5 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

(1) The mechanical means of locking the rotor is of adequate strength to prevent possi-
ble injury to personnel or damage to equipment.

(2) The direction of rotation is established prior to this test.

(3) 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 s after voltage is applied.

3.6 Precautions. Since the performance of an induction machine is dependent not only
upon the value of voltage and frequency but also on the wave shape and the balance in
magnitude and phase angle of the voltages, correct data can be obtained only by careful
measurement and by employing a suitable source of power (see 4.1.2 ).

3The numbers in brackets, when preceded by the letter “B,” correspond to the Bibliography in Section 11.
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CAUTION: Many of the tests described in these procedures subject the machine to ther-
mal and/or mechanical stresses beyond normal operating limits. To minimize the risk
of damage to the machine, it is recommended that all tests be performed either under the
manufacturer’s supervision or in accordance with the manufacturer’s recommenda-

tions.

4. Measurements

4.1 Electrical

4.1,1 RMS Quantities. All voltage and current measurements are root mean square val-
ues, unless otherwise indicated.

4.1.2 Power Supply. The power supply shall provide balanced phase voltages closely ap-
proaching a sinusoidal waveform. The voltage waveform deviation factort shall not ex-
ceed 10%. The frequency shall be maintained within +0.5% of the value required for the test
being conducted, unless otherwise specified. Any departure from the assumed frequency
directly effects the efficiency obtained with methods A and B. When these methods are
used, the average frequency shall be within £0.10 % of the specified test value.

4.1.2.1. Rapid changes in frequency cannot be tolerated during tests 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.

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

(1) Loading of the signal source
(2) Lead calibration
(3) Range, condition, and calibration of the instrument

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

The indicating instrument shall bear record of calibration, within twelve months of the
test, indicating limits of the error no greater than +0.5% of full scale. When several in-
struments are connected in the circuit simultaneously, additional corrections of the in-
strument indication may be required.

Electronic instruments are generally more versatile and have much higher input
impedances than passive (nonelectronic) 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

(1) Inductive or electrostatic coupling of signal leads to power systems
(2) Common impedance coupling or ground loops

(3) Inadequate common mode rejection

(4) Conducted interference from the power line.

4The deviation factor of a wave is the ratio of the maximum difference between corresponding ordinates of the
wave and of the equivalent sine wave to the maximum ordinate of the equivalent sine wave when the waves are
superposed in such a way as to make this maximum difference as small as possible. The equivalent sine wave is
defined as having the same frequency and the same root mean square value as the wave being tested.
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Good practice requires the use of shielded twisted pairs for signal leads, grounding the
shield at only one point, and keeping the signal cables as far away as possible from power
cables. All exposed metal parts of these instruments should be grounded for safety.

Instrument calibration requirements are similar to those of nonelectronic instruments.
When suitable automatic data acquisition systems or high-speed recorders are available,
they may be used.®

4.1.4 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%.

4.1.5 Voltage. The line voltages shall be measured with the signal leads connected to the
machine terminals. If local conditions will not permit such connections, the error intro-
duced shall be evaluated and the readings shall be corrected. Tests may be performed
where the voltage unbalance does 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 voltages of 220 V, 215 V, and 210 V, the average voltage is 215 V, the maximum deviation from
the average is 5, and the unbalance equals (100-5)/215 = 2.3%.

4.1.6 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.

4.1.7 Power. Power input to a three-phase machine 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.

4.2 Resistance

4.2.1 Reference Resistance. To obtain dc resistance measurements of stator (and rotor,
in the case of wound-rotor machines), the procedures given in IEEE Std 118-1978 [4]7 should
be used.

422 Reference Ambient. All performance determinations should be corrected to an am-
bient temperature of 25 °C.

4.2.3 Correction to a Specified Temperature. When the resistance, R;, of a winding has
been determined by test at winding temperature, t;, the resistance may be corrected to a
specified temperature, ¢, by Eq 1.

- Rt(ts + k) .

S= e + k) (Eq 1)
where
R; = winding resistance, corrected to specified temperature, ¢g, in Q
ts = specified temperature for resistance correction, in °C (see 5.1.1)
Ry = test value of winding resistance, in Q, at temperature ¢,

SFurther information regarding the use of instruments is given in IEEE Std 120-1989 [6).
5See footnote 5.
"The numbers in brackets correspond to those of the references in Section 2.

10



IEEE

POLYPHASE INDUCTION MOTORS AND GENERATORS Std 112-1991
4 = temperature of winding when resistance was measured, in °C
k= 234.5 for 100% IACS conductivity copper, or 225 for aluminum, based on a volume

conductivity of 62%

NOTE: For other winding materials, a suitable value of £ (inferred temperature for zero resistance) shall be
used.

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 deter-
mined and compensated for. If dynamometer® output measurements are used, coupling
and bearing friction losses must be compensated for. Properly sized dynamometers should
be used, such that the coupling, friction, and windage losses of the dynamometer 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 they should be sensitive to a change of torque of 0.25% of
the rated torque.

When using a dynamometer, the dynamometer shaft power, in watts, is obtained from
the following equation:

(T-n)

power (in W) = Z (Eq 2)
where

T = torque

n = rotational speed, in r/min.

k =9.549,if T isin Nem

= 7.043, if T'is in lbeft

4.3.1.1 Bearing Loss Stabilization. Some motors may experience a change in friction
loss until the bearings reach a stabilized operating condition. In grease lubricated an-
tifriction 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 sta-
bilize the no-load input watts. Stabilization can be considered to have occurred whenever
the power input at no-load (or coupled to a deenergized dynamometer) does not vary by
more than 3% between two successive readings at the same voltage at half-hour intervals.

4.3.2 Speed and Slip

4.3.2.1 Instruments. Analog tachometers or speed counters are not sufficiently accu-
rate for the measurement of slip. Therefore, stroboscopic or digital tachometer methods are
recommended. When a stroboscope is used, the power supply for the stroboscope should have
the same frequency as the motor power supply. Slip is the difference between synchronous
speed and measured speed in r/min, but it is usually expressed in per unit as

s slip (in r/min)
~ synchronous speed (in r/min)

(Eq 3)

8A 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.

11
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4.3.2.2. Slip measurements should be corrected to the specified stator temperature as
follows:

sitg + k) E

= " 4

5 =7t + k) (Eq 4)
where

ss = slip corrected to specified stator temperature, ¢4
st = slip measured at stator winding temperature, #;
ts = specified temperature for resistance correction, in °C (see 5.1.1)
t, = observed stator winding temperature during load test, in °C

k (based on rotor conductor material)
= 234.5 for 100% IACS conductivity copper, or 225 for aluminum, based on a volume

conductivity of 62%

NOTE: For other rotor winding materials, a suitable value of & (inferred temperature for zero resistance) must be
used.

4.4 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 in order to avoid revers-
ing the direction of the test.

4.5 Safety

WARNING: 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 throughout industry.
Houwever, this standard includes special safety precautions applicable to the particular
tests described. All tests should be performed by knowledgeable and experienced per-
sonnel.

5. Types of Losses

5.1 Stator I2R Loss. The stator I2R loss (in watts) is equal to 1.5 I2R for three-phase ma-
chines, where

I = measured or calculated rms current per line terminal at the specified load
R = dc resistance between any two line terminals corrected to the specified temperature
(see 4.2.3)

5.1.1 Specified Temperature. The specified temperature used in making resistance cor-
rections should be determined by one of the following, which are listed in order of prefer-
ence:

(1) Measured temperature rise by resistance from a rated load temperature test plus 25
°C (see Section 8). Rated load is the rating identified on the nameplate at 1.0 service
factor.

(2) Measured temperature rise on a duplicate machine as outlined in method (1).

NOTE: A duplicate machine must be one of the same construction and electrical design.

(3) When the rated load temperature rise has not been measured, the resistance of the
windings should be corrected to the temperature shown in Table 1.



IEEE

POLYPHASE INDUCTION MOTORS AND GENERATORS Std 112-1991
Table 1
Specified Temperature
Class of Temperature

Insulation System in °C
A 5
B 9%
F 115
H 130

This reference temperature should be used for determining I?R losses at all loads. If the
rated temperature rise is specified as that of a lower class of insulation system than that
used in the construction, the temperature for resistance correction should be that of the
lower insulation class.

5.2 Rotor I2R Loss. The rotor I2R loss, including brush-contact losses for wound-rotor ma-
chines, should be determined from the per unit slip, whenever the slip is accurately deter-
minable, using Eq 5§ and Eq 6.

motor rotor I2R loss = (measured stator input power — stator I2R loss — Core loss) - s
(Eq 5)

generator rotor I2R loss = (measured stator output power + Stator I2R loss + Core loss) - s
(Eq 6)

5.3 Core Loss and Friction and Windage Loss (No-Load Test). The test is made by run-
ning the machine as a motor at rated voltage and frequency without connected load. To en-
sure that the correct value of friction loss is obtained, the machine should be operated until
the input has stabilized (see 4.3.1.1).

5.3.1 No-Load Current. The current in each line is read. The average of the line currents
is the no-load current.

5.3.2 No-Load Losses. The reading of input power is the total of the losses in the motor at
no-load. Subtracting the stator I?R loss (at the temperature of this test) from the input gives
the sum of the friction (including brush-friction loss on wound-rotor motors), windage,
and core losses.

5.3.3 Separation of Core Loss from Friction and Windage Loss. Separation of the core
loss from the friction and windage loss may be made by reading 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.

5.3.4 Friction and Windage. Power input minus the stator I2R loss is plotted versus volt-
age, and the curve so obtained is extended to zero voltage. The intercept with the zero volt-
age axis is the friction and windage loss. The intercept may be determined more accu-
rately if the input minus stator I2R loss is plotted against the voltage squared for values in
the lower voltage range. An example is the dashed curve shown in Fig 1.

5.3.5. Core Loss. The core loss at no load and rated voltage is obtained by subtracting the
value of friction and windage loss (obtained from 5.3.4) from the sum of the friction,
windage loss, and core loss (obtained from 5.3.2).
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Determination of Friction and Windage Losses

5.4 Stray-Load Loss. The stray-load loss is that portion of the total loss in a machine not ac-
counted for by the sum of friction and windage, stator I2R loss, rotor I2R loss, and core loss.

5.4.1 Indirect Measurement. The stray-load loss is determined by measuring the total
losses, and subtracting from these losses the sum of the friction and windage, core loss,
stator I2R loss, and rotor I2R loss. Indirect measurement is used in efficiency methods B,
C, and C/F (see 6.4, 6.5, and 6.8).

5.4.1.1. The procedure for determining the stray-load loss (Method B) is described in
6.4.6.

5.4.1.2. The procedure for determining the stray-load loss (Method C) is described in
6.5.2.

5.4.1.3. The procedure for determining the stray-load loss (Method C/F) is described in
6.8.1.

5.4.2 Direct Measurement. Direct measurement is used in efficiency methods E, F, and
E/F (see 6.6, 6.7, and 6.8).

5.4.2.1. The stray-load loss occurring at fundamental frequency is determined by ap-
plying 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 fundamen-
tal 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 5.4.2.2 should be identified as I; and should have values established
by Eq 7 for magnitudes covering the range of loads from 1/4 to 1 1/2 times rated load, as in-
dicated by the appropriate test procedure.

L=NI2_1,2) (Eq7)

14
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where

L = value of stator winding current during stray-load loss test

I, = value of no-load current (see 5.3.1)

I = operating value of stator line current for which stray-load loss is to be determined

5.4.2.2. The stray-load loss occurring at high frequencies is determined by a reverse
rotation test. With the motor completely assembled, balanced polyphase voltage at rated
frequency is applied at the stator winding terminals. The rotor is driven by external
means at synchronous speed in the direction opposite to the stator field rotation. (The cor-
rect speed may be determined easily by stroboscopic methods or by a digital tachometer.)
The electrical input to the stator winding is measured.
The mechanical power required to drive the rotor is measured both with and without cur-
rent applied to the stator winding terminals. For wound-rotor motors, the rotor terminals
shall be short circuited.

5.4.2.3. The stray-load loss, Wy, is calculated as follows:
WiL=LLs +LL, (Eq 8)

In Eq 8, the values of LLg and LL, are calculated for the same values of line currents Iy,
where

W, — the stator winding I2R loss. The stator winding I2R loss shall be the product

of the number of phases, I;2 and r1, taken at each load point.

fundamental frequency stray-load loss.

(P, — Py) — (W, — LLg — stator winding I2R loss). The stator winding I2R loss

shall be the product of the number of phases, I;2 and ry, taken at each load point.

higher frequencies stray-load loss.

stator phase resistance. For a three-phase machine, this is taken as one-half of

the resistance between terminals.

= mechanical power required to drive rotor with voltage applied at stator winding
terminals.

P; = mechanical power required to drive rotor without voltage being applied at stator

winding terminals.
W = electrical input to stator winding with rotor removed.
W, = electrical input to stator winding during reverse-rotation test.

LL,

LL,

r1

"
]
|

5.4.2.4. Smooth the test values of (P, — Py), W, and W, by using a regression analysis
of the log of the power vs. the log of the current. Then,

(Pr — Pp) = Ay(I)N1 (Eq9)

W, = Ag(I)N2 (Eq 10)

Wy = A3(IN3 (Eq 11)
where

A y intercept on a log-log plot (a constant)

N
L

slope on a log-log plot (approximately 2)
observed line current during the stray-load loss test
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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.

NOTE: The low power factors encountered during the tests specified in 5.4.2 through 5.4.3 make it imperative that
phase-error corrections be applied to all wattmeter readings. Refer to IEEE Std 120-1989 [6].

5.4.2.5 Calculating Stray-Load Loss at a Specified Point

(1)

(2)

(3)

(4)

Determine an approximate value of rotor current I3 corresponding to the rated value
of stator line current, I, as

Io =12 -1,2)V2 (Eq12)
where
I rated value of stator line current

I, value of no-load stator current

For the value of rotor current I5, calculate a value of stray-load loss Wy, for three-
phase machines as follows:

WiL = Ay- (IpN1+ 245 UpN2 - Az (N3 -3 . (192 - (2 - ryg—ryy) (Eq 13)
where
WL = value of stray-load loss for approximate value of rotor current

corresponding to rated load

I = approximate value of rotor current corresponding to rated load from Eq 12
ris = stator resistance per phase during rotor removed test at test temperature
rir = stator resistance per phase during reverse rotation test at test temperature

The value of stray-load loss, Wy, reported in 10.4 or 10.5, corresponds to a value
of I as calculated using Eq 12.

The value of stray-load loss, Wy, for any load point, is then calculated as

. (12
WLL = WLL‘(E) (Eq 14)
where

I = value of rotor current appropriate to the load point for which stray-load loss is
to be determined

The value of rotor current is calculated as
Ip=\NI2 12 (Eq 15)
where

1

operating value of stator line current for which stray-load loss is to be deter-
mined
I, = value of no-load current

16
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5.4.8 Alternate Direct Method for Wound-Rotor Motors. This method is used with effi-
ciency methods E, F, and E/F (see 6.6, 6.7, and 6.8). In this method, the rotor is excited with
direct current, and the stator winding terminals are short-circuited with ammeters in-
cluded to read the stator current. The rotor is driven by external means at 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, both with (P;) and without (Pp) rotor excitation, is measured.

WL = P, — Pt - stator winding I?R loss at temperature during test (Eq 16)

If six load points are used, the accuracy can be improved by plotting stray-load loss ver-
sus stator winding current squared and by following a smoothing procedure similar to
5.4.2.4.

5.4.4 Assumed Stray-Load Loss. This measurement is used with efficiency methods E1,
F1, and E/F1 (see 6.6, 6.7, and 6.8). If the stray-load loss is not measured, and it is accept-
able by applicable standards or by contract specifications, the value of stray-load loss at
rated load may be assumed to be the value shown in Table 2.

Table 2
Assumed Values for Stray-Load Loss

Machine Stray-Load Loss
Rating Percent of Rated Output
1-125hp 1.8%
126-500 hp 1.5%
501-2499 hp 1.2%
2500 hp and greater 9%

For other than rated load, it shall be assumed that the stray-load loss, Wi, is propor-
tional to the square of the rotor current, i.e.,

. (1
WLL = Wiy (;‘Zi)z (Eq 17)
where
WL = value of stray-load loss corresponding to a value of rotor current I
Iy = value of rotor current appropriate to the load point for which stray-load loss is to
) be determined
I = value of rotor current corresponding to rated load

5.5 Brush-Contact Loss. This measurement is used in efficiency methods F and F1 (see
6.7). For wound-rotor machines, the brush-contact loss should be determined by the product
of the calculated secondary current and a voltage drop. The voltage drop in all brushes of
the same phase (between rings on a three-ring machine) may be assumed to be 1.0 V for
carbon or graphite brushes, and 0.3 V for metal-carbon brushes.

17
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6. Determination of Efficiency

6.1 General. Efficiency is the ratio of output power to total input power. Output power is
equal to input power minus the losses. Therefore, if two of the three variables (output, input,
or losses) are known, the efficiency can be determined by one of the following equations:

. _ output power Eg 18

efficiency = Tnput power (Eq 18)
i -1

efficiency = input power — losses (Eq 19)

input power
(Particularly applicable to motors)

output power (Eq 20)
output power + losses
(Particularly applicable to generators)

efficiency =

Unless otherwise specified, the efficiency should be determined for rated voltage and
frequency. Efficiency can be determined most accurately from the test results when the
voltage does not deviate significantly from rated voltage and the voltage unbalance does
not exceed 0.5% (see 4.1.5). When a load point is available at other than rated voltage, it
may be combined with the equivalent circuit (Methods F and F1) to calculate the perfor-
mance at rated voltage (see 6.8).

6.2 Test Methods for Efficiency. The various methods of efficiency and loss determination
are identified as follows:

(1) Method A. Input—output

(2) Method B. Input-output with segregation of losses and indirect measurement of
stray-load loss

(3) Method C. Duplicate machines with segregation of losses and indirect measure-
ment of stray-load loss

(4) Method E. Electric power measurement under load with segregation of losses and
direct measurement of stray-load loss

(8) Method E1. Electric power measurement under load with segregation of losses and
assumed value of stray-load loss

(6) Method F. Equivalent circuit with direct measurement of stray-load loss

(7) Method F1. Equivalent circuit with assumed value of stray-load loss

(8) Method C/F. Equivalent circuit calibrated per Method C load point with indirect
measurement of stray-load loss

(9) Method E/F. Equivalent circuit calibrated per Method E load point with direct mea-
surement of stray-load loss

(10) Method E1/F1. Equivalent circuit calibrated per Method E load point with assumed
value of stray-load loss

6.2.1 Guide for Choice of Efficiency Test Method. In general, the input-output method
(Method A) should be limited to fractional-horsepower machines. Unless otherwise speci-
fied, horizontal, polyphase, and squirrel-cage motors rated 1-250 hp should be tested by the
input-output method with loss segregation (Method B). Vertical motors in this horsepower
range should also be tested by Method B, if bearing construction permits. If the bearing
construction does not permit, vertical motors in this horsepower range may be tested by
Method E, E1, F, or F1. Polyphase motors larger than 250 hp may be tested by Method B, C, E,
El1, F, or F1. When practical, load calibration of the equivalent circuit (Method C/F , E/F, or
E1/F1) provides the confidence level of a test with the simplicity of determining perfor-
mance at various loads by solution of the equivalent circuit.

18



IEEE
POLYPHASE INDUCTION MOTORS AND GENERATORS Std 112-1991

6.3 Test Method A — Input-Output. For this method, the efficiency is calculated as the ratio
of the measured output power to the measured input power, after temperature and dy-
namometer correction (if applicable).

6.3.1 Test Procedure. The machine is loaded by means of a mechanical brake or dy-
namometer (see 4.3.1).

Readings of electrical power, current, voltage, frequency, slip, torque, ambient tempera-
ture, and stator winding temperature or stator winding resistance shall be obtained for
four load points approximately equally spaced between not less than 25% and up to and in-
cluding 100% load, and two load points suitably chosen above 100% load but not exceeding
150% load. In loading the machine, start at the highest load value and move in descending
order to the lowest.

6.3.2 Calculation Form. Performance is calculated as shown in 10.1. Dynamometer cor-
rection should be made, if applicable, as outlined on the form. The stator I2R loss is to be
corrected for temperature as indicated.

NOTE: The dynamometer correction should be made with the same direction of rotation that is used during the
load test.

6.4 Test Method B — Input-Output With Loss Segregation. This method consists of several
steps. The input and output power are measured for several load points. All data are taken
with the machine operating either as a motor or as a generator, depending upon the region
of operation for which the efficiency data is required. The apparent total loss (input-output)
is segregated into its various components with stray-load loss defined as the difference
between the apparent total loss and the sum of the conventional losses (stator and rotor I2R
loss, core loss, and friction and windage loss). The value of stray-load loss thus deter-
mined is plotted versus torque squared, and a linear regression is used to reduce the effect
of random errors in the test measurements. The smoothed stray-load loss data are used to
calculate the final value of total loss and the efficiency.

6.4.1 Test Procedure
6.4.1.1 No-Load Test. See 5.3.
6.4.1.2 Test Under Load. The machine is loaded by a dynamometer, see 4.3.1. Dyna-

mometer correction should be made as outlined in 10.2. The same test procedure is used as
in 6.3.1.

NOTE: The dynamometer correction should be made with the same direction of rotation that is used during the
load test.

For each load point, measure the input power and output power and calculate the apparent
total loss by subtracting the measured output from the measured input.

6.4.2 Stator I2R Losses. See 5.1.
6.4.3 Rotor 2R Losses. See 5.2.
6.4.4 Core Loss. See 5.3.5.

6.4.5 Friction and Windage. See 5.3.4.
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6.4.6 Stray-Load Loss (Indirect Method)

6.4.6.1. The stray-load loss shall be separately calculated for each load point by sub-
tracting from the apparent total loss the stator I2R loss at the temperature of the test, the core
loss, the friction and windage loss, and the rotor I2R loss corresponding to the measured
value of slip. The stray-load loss shall be calculated for each of the six approximately
equally-spaced load points (see 6.3.1).

6.4.6.2. Smooth stray-load loss data by using a linear regression analysis.

WiL=AT2+B (Eq21)
where

WiL = stray-load loss as plotted versus torque squared

T = torque

A = slope

B = intercept with the zero torque line

If the slope is negative, or if the correlation factor, r, is less than 0.9, delete the worst point
and recalculate A and B. If this increases r to 0.9 or larger, use the second calculation; if
not, or if the slope is still negative, the test is unsatisfactory. Errors in the instrumentation
or test readings, or both, are indicated. The source of the error should be investigated and
corrected, and the test should be repeated.

Dynamometer bearing friction or measurement errors, or both, may cause torque read-
ings to differ for the same value of electrical power, depending upon whether the load is in-
creasing or decreasing prior to reading. When a correlation factor, r, less than 0.9 is ob-
tained after the second calculation, the average of two sets of readings should be taken. The
first set should be taken while gradually increasing the load, the second set while decreas-
ing load. Curves of torque versus electrical power should be plotted for each set of readings,
and the average value of A based on the two curves should be used.®

6.4.6.3 The corrected value of stray-load loss is
WiLc = AT? (Eq 22)

6.4.7 Motor/Generator Performance. Calculate motor or generator performance using
10.2, which includes temperature correction. Determine Wy based on the slope, A, and
the value of torque, T, appropriate to the load point for which stray-load loss is to be deter-
mined.

6.5 Test Method C — Duplicate Machines. This method of determining efficiency may be
used when duplicate machines are available. The two machines are coupled together and
electrically connected to two sources of power, the frequency of one being adjustable.

%It may be desirable to make a check test by operating the machine as a generator and the dynamometer as a
motor, if possible. Errors in scales or instruments will occur in opposite directions during the two tests, but the
errors will tend to cancel in the average, even though the individual errors may be large. The total losses will be
equal to the mechanical input minus the electrical output for generating action, or they will be equal to the
electrical input minus the mechanical output for motoring action. The residual (apparent total loss minus
conventional loss) loss shall be separately calculated for each case (motoring and generating) using the
procedure in 6.4.6.1 for six approximately equally-spaced load points (see 6.3.1). Smooth the residual loss for each
case (motoring and generating) using the procedure in 6.4.6 2. The stray-load loss is taken as the average of the
motoring and generating value appropriate to the load point, i.e., using an average value of A based on motoring
and generating.
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6.5.1 Test Procedure
6.5.1.1 No-Load Tests of Both Machines. See 5.3.

6.5.1.2 Test Under Load. One machine is operated as a motor at rated voltage and fre-
quency, and the other is driven as a generator at rated voltage per Hertz, but at lower fre-
quency, to produce the desired load. Readings should be taken of the electrical input and
output, stator winding temperature or stator winding resistance, and slip of each ma-
chine.1?

The test should be repeated with the direction of power flow reversed. The frequency of the
first machine remains unchanged while that of the second is raised to produce the desired
load. The location of the instruments and instrument transformers are not to be changed.
By this reversal of power flow, ordinary calibration errors of all instruments are mini-
mized. Phase angle errors of the instrument transformers are cumulative for motoring
and generating tests. It is important to make accurate corrections for the phase angle er-
rors, because they will make the losses appear smaller than the true value (see 4.1.4.)

6.5.2 Stray-Load Loss (Indirect Method). The stray-load loss is obtained as follows:

(1) The stator I2R loss at the temperature of the test is calculated for each machine using
the observed currents.

(2) The motor rotor IR loss is
motor slip - (motor input — stator I2R Loss — core loss) (Eq 23)
using the observed motor slip in per unit of synchronous speed.
(3) The generator rotor I2R loss is
generator slip - (generator output + stator I2R loss + core loss) (Eq 24)
using the observed generator slip in per unit of synchronous speed.
(4) The combined stray-load loss is determined by subtracting from the total measured
loss (the difference between input and output) the sum of the stator I?R losses, rotor

I2R losses, core losses, and friction and windage losses of the two machines.

(5) The stray-load losses are assumed to be proportional to the square of the rotor cur-
rent. The stray-load losses are taken as

motor stray-load loss =
combined stray-load loss

motor rotor I2R loss + generator rotor IR loss

motor rotor I2R loss -

generator stray-load loss = (combined stray-load loss) — (motor stray-load loss)

The average of the results obtained with the two directions of power flow (motoring and
generating) is taken as the average value of stray-load loss.

10These values shall be obtained for four load points approximately equally spaced between not less than 25%
load and up to and including 100% load, and two load points suitably chosen above 100% load but not exceeding
150% load. Alternatively, a single load point may be combined with Method F to determine performance at other
load points. See 6.8.
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6.5.2.1. Smooth stray-load loss data by using a linear regression analysis.

WiLave = Al2ave)? + B (Eq 25)
where
WiLave = average value of stray-load loss as plotted versus approximate rotor current
squared
A = slope
B = intercept with the zero current line
Ioave = average value of rotor current

The value of rotor current, I, for each direction of power flow (motoring and generating)
is taken as

L=V 1) (Eq 26)
where

I = observed value of stator line current (motoring or generating) for which stray-load
loss is to be determined
I, = value of no-load current

The corrected value of stray-load loss is
WLLe = AU2)? (Eq 27)

6.5.3 Motor/Generator Performance. Calculate motor or generator performance using
10.3, which includes temperature correction. Determine Wi, based on the slope, A, and
the value of rotor current, I, appropriate to the load point for which stray-load loss is to be
determined.

The value of rotor current for each load point is calculated as

I =212 (Eq 28)

where

I
I,

operating value of stator line current for which stray-load loss is to be determined
value of no-load current

6.6 Test Method E or E1 — Electrical Power Measurement With Loss Segregation. The in-
put should be measured as outlined below. The output should be determined by subtracting
the total losses from the input. The total losses equal the sum of the stator and rotor IR
losses corrected to the specified temperature for resistance correction, core loss, friction
and windage loss, and stray-load loss.

6.6.1 Test Procedure
6.6.1.1. No Load Test. See 5.3.
6.6.1.2.Test Under Load. To obtain the required data, it is necessary to couple, belt, or

gear the machine to a variable load. The same arrangement that is used for the tempera-
ture test may be employed. For each of six approximately equally-spaced points, the read-



IEEE
POLYPHASE INDUCTION MOTORS AND GENERATORS Std 112-1991

ings of electrical power, current, voltage, slip, ambient temperature, and stator winding
resistance or temperature are to be recorded.!! The stator winding resistance for each load
point can be estimated by comparing the temperature rise measured by an embedded tem-
perature detector, a temperature sensor located on the stator coil end, or the air outlet tem-
perature rise, with corresponding temperature rise measurements obtained as steady state
values during a temperature test.
6.6.1.3. Stray-Load Loss Test
6.6.1.3.1 Test Method E. See 5.4.2 or 5.4.3.
6.6.1.3.2 Test Method E1. See 5.4.4.
6.6.2 Stator IR Losses. See 5.1.
6.6.3 Rotor I2R Losses. See 5.2.
6.6.4 Core Loss. See 5.3.5.
6.6.5 Friction and Windage. See 5.3.4.
6.6.6 Stray-Load Loss (Direct Measurement)
6.6.6.1 Rotor Current Is. The value of rotor current shall be calculated as
Ip=NU2-1,2) (Eq 29)

where

I
I,

operating value of stator line current for which stray-load loss is to be determined
value of no-load current

The value of stray-load loss, WL, reported in 10.4 shall correspond to a value of rotor
current, I9, as calculated from Eq 29 for a value of I corresponding to the rated value of
stator line current.

6.6.7 Motor/Generator Performance. Calculate motor or generator performance using
10.4, which includes temperature correction.

6.7 Test Method F or F1 — Equivalent Circuit. When tests under load are not made, operat-
ing characteristics (efficiency, power factor, torque, etc.) are calculated based upon the
equivalent circuit shown in Fig 2. The machine parameters in the equivalent circuit are
derived from test data recorded during a no-load test and an impedance test. Accurate pre-
diction of machine characteristics in the normal operating range will depend primarily
upon the closeness by which rq represents the actual rotor resistance to currents of low fre-
quency and, secondarily, upon the closeness by which xo represents the actual rotor leak-
age reactance to currents of low frequency. Therefore, the most careful procedure during
testing to determine the rotor characteristics at low frequency is imperative.

Hgee footnote 10.
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Equivalent Circuit
6.7.1 Test Procedure

6.7.1.1 No-Load Test. See 5.3.

6.7.1.2 Impedance Test. Readings of voltage, current, electrical input power, and sta-
tor resistance or stator winding temperature are to be taken at one or more frequencies,
voltages, and/or loads. This data is referred to as the impedance data. If the machine being
tested has a wound rotor, the rotor is to be short circuited for the test.

The reactance shall be measured at rated load current. It is important that the value of
reactance used in the equivalent circuit calculation is at the correct value of saturation and
deep bar effect; otherwise, the calculated power factor will be found to be higher than the true
value.

The impedance data shall be determined from one of the following methods:'?

(1) Three-phase locked-rotor impedance test at maximum of 25% of rated frequency
and at rated current.!® See 6.7.1.2.1 for details.

(2) Three-phase locked-rotor impedance test at rated frequency, at approximately 50%
of rated frequency, and at a maximum of 25% of rated frequency, all at rated cur-
rent. Curves shall be developed from these three test points and used to determine the
values of total reactance and rotor resistance at the required reduced frequency.'
See 6.7.1.2.1 for details.

(3) An impedance test above the speed of the breakdown point at a slip speed approximat-
ing the desired reduced rotor frequency. In this method, the motor is run uncoupled
or coupled to a reduced load, and the voltage is reduced to give approximately full
load slip point. The slip must be measured carefully. See 6.7.1.2.2 for details.

(4) When none of the above methods is practical, the following test may be utilized: a
three-phase, locked rotor impedance test at reduced voltage at rated frequency re-
sulting in approximately rated current and a test under load. See 6.7.1.2.3 for de-
tails.

2The impedance thus determined is at the temperature of the motor at the time of the test.

13The total reactance of the machine for use in the performance calculation by Section 10, Method F, is computed
from the reactance determined at reduced frequency by multiplying the low-frequency value by the ratio of rated
frequency to the low frequency. In general, the reactance so determined will be larger than when directly
measured at normal frequency, the difference being small for single squirrel-cage rotors and relatively large
for double squirrel-cage or deep bar rotors.

14See footnote 13.
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6.7.1.2.1 Locked-Rotor Tests. The rotor of a squirrel-cage motor is a symmetrical
bar winding; therefore, the impedance of the motor is practically the same for any position
of the rotor relative to the stator.

The impedance of a wound-rotor motor varies with the position of the rotor relative to the
stator. It is therefore necessary when performing a locked-rotor impedance test to deter-
mine the rotor position that results in an average value of impedance. Before taking read-
ings on wound-rotor machines, the rotor shall be short circuited. The angular distance
through which it is necessary to observe the current variation shall be determined by allow-
ing the rotor to revolve slowly and observing the stator current, noting the distance the rotor
must move for the stator current to complete a cycle. For machines having an integral
number of slots per pole per phase in both rotor and stator, this distance will be equal to two-
thirds of a pole pitch for three-phase machines. For machines having fractional slot wind-
ings, the angular distance may be as much as a full pole pitch.

The rotor shall be blocked so that it cannot move; and the impressed voltage shall be in-
creased gradually until a current of approximately rated value is obtained. Voltage and
current on all phases shall be read and recorded, and the voltage in the different phases
shall be balanced. Holding the same voltage, the rotor shall be turned slowly and the min-
imum and maximum values of current during a complete cycle recorded. The rotor shall
then be blocked for the impedance test on the position that gives a current equal to the aver-
age of the minimum and maximum values previously recorded.

(1) Take simultaneous readings of voltage and current in all phases and of power input
at several levels of voltage in order to establish the value with special care in the
neighborhood of full-load current. The stator winding temperature or stator wind-
ing resistance shall also be recorded. Care shall be taken not to overheat the wind-
ings. Taking the highest readings first and the lower readings in succession will
help to equalize the temperature.

Plot curves using volts as abscissas and amperes and the algebraic sum of the
watt-meter readings as ordinates. The curve of amperes vs. volts is usually a
straight line, curving slightly upward at the higher values. On closed slot rotors,
however, there is also a distinct curve upward at low voltage. Derive the value of
voltage and power input to determine the total reactance and rotor resistance at the
required level of current from these curves.

(2) Determine the rotor resistance, rg, and the total leakage reactance, x; + xg, from
these data using the equations of 10.5. When using Method 2, curves of the values of
rotor resistance and total leakage reactance vs. frequency should be used to deter-
mine the value at the desired operating frequency.

6.7.1.2.2 Impedance From Reduced-Voltage, Reduced-Load Running Test. The
rotor resistance, rqg, and the leakage reactance, xo, at reduced frequency may be obtained
from readings (volts, watts, amperes, slip, stator winding temperature, or stator winding
resistance) at a slip speed approximating the desired reduced rotor frequency. In this
method, the machine is run uncoupled or coupled to a reduced load and at a voltage that
gives the desired slip speed. The slip must be measured very carefully. The following
procedure is used.

When data from the no-load saturation test is available (see 5.3), calculate the total reac-
tance per phase for each test point and draw a curve of total reactance per phase vs. no-load
volts per phase (see example in Fig 3). Use the highest point on this curve as the total no-
load reactance per phase, X; + X, in calculations of the low-voltage slip test.

When a complete no-load test has not been performed, the total reactance per phase at
rated voltage and no load can be used as the total no-load reactance per phase, X1 + X, in
calculations of the low-voltage slip test.

From the low-voltage slip test data, calculate the impedance per phase, Z, the resistance
per phase, R, and the reactance per phase, X. Also calculate cos6; = R/Z, and sin0; = X/Z.
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If the design details are available, use the calculated ratio X1/Xa. Otherwise use the ratios
given on Form F-1 (see 10.5).

X,
AXe )
[1+X1]
X, (Eq 30)

Using the value of total no-load reactance, X; + Xp,, determined above, the value of the
magnetizing reactance, X, can be approximated as

X1:X'

Xp = X7+ Xm) — X1 (Eq31)

| + = TEST POINTS

A = RATED VOLTS (PER PHASE)
| B = VOLTS (PER PHASE) AT
| LOW-VOLTAGE SLIP TEST _ |

I
I |
kB kA

VOLTS (PER PHASE)

TOTAL REACTANCE (x) PER PHASE

Fig3
Total Resistance From No-Load Test

A = rated volts

B = volts at low-voltage slip test

CDE = curve of total reactance from no-load test

F = reactance corresponding to the highest point, D, of the test curve CDE. This value
is used as the total reactance, Xj + X, in calculations of the low-voltage slip test

G = total reactance, X1 + X, to be used in determining X, for use in the equivalent

circuit calculations after X1, Xo, and R2 are determined from the calculations of
the low-voltage slip test

From the data obtained from the low voltage slip test, calculate

1/2
Vo = {[Vl - 11(X1 sin@1* Ry 00591)]2 + [Il(Xl cos8; F Rysin 91)]2}
(Eq 32)

I,(X,cos6; FR,sin0;)
Vl _Il(Xl Sin 91 iRl Cosel) (Eq 33)

0, = arctan
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V.
L=z
e Xm
_W
e = (Ex}_]
m
1
e =—
T
&)
I. = m
fe V2
Calculate

V2
I, = [(I1 cos8; +I,sin8, T I, c0502)2 +(I,sin0; - I, cosBy * I, sin 92)2]

NOTES: (1) For induction generator, use alternate (lower) sign in Eqs 32, 33, 38, and 47.
(2) Correct R) to the temperature during test.
(8) Cos 81 equals power factor during motoring or generating test.

_Vilisin, - I°X, - LV,

X
2 122

X=X, +X,

IEEE
Std 112-1991

(Eq 34)

(Eq 35)

(Eq 36)

(Eq 37)

(Eq 38)

(Eq 39)

(Eq 40)

Repeat Eqs 30 through 40 using the inital ratio of X1/X from Eq 20 and the new value of X

from Eq 40 until stable values for X; and X, are achieved within 0.1%.
X
X,

1+ X,
X,

X, =X

X,=X-X,
V.,

Z :—2

2 12

Ry =3'sz2*X22

Then, from the rated voltage no-load test point, calculate

Xm:X—Xl

(Eq 41)

(Eq 42)

(Eq 43)

(Eq 44)

(Eq 45)
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. & (Eq 46)

(Eq 47)

T mV,? (Eq 48)

The values obtained in Eqs 41, 42, 46, and 48 are used in the equivalent circuit calcula-
tions. Rotor resistance, Rs, from Eq 44 and stator resistance, R;, should be corrected to the
specified temperature.

6.7.1.2.3 Locked-Rotor and Load Point Test. The values of X7, Xy, X,,, and Ry, can be
determined from the no-load and locked-rotor tests at rated frequency following the proce-
dure in 6.7.1.2.1. The value of R, at reduced frequency can be obtained from readings
(volts, watts, amperes, slip, stator winding resistance, or stator winding temperature) at a
load point using rated voltage or less. The slip must be measured very carefully. Ry can be
obtained by the following procedure after other motor parameters have been determined
from the no-load and locked-rotor tests.

For this method, the machine is run uncoupled (or coupled to some reduced load), the
voltage is reduced to give approximately full-load slip, and the slip is measured very care-
fully. After X7 has been determined from the locked-rotor impedance tests (see 6.7.1.2), the
value of R, is obtained as follows:

(1) Calculate V, using Eq 32.

(2) Calculate 62 using Eq 33.

(3) Calculate It and I, using Eq 34 and Eq 37.
(4) Calculate I using Eq 38.

(5) Calculate rotor impedance, Zs, using Eq 43.
(6) Calculate

& _ 222 _ X22
S

(7) Obtain Ry by the multiplication of Ro/s by the measured value of slip in per unit of
synchronous speed. Correct Ry to the specified temperature.

6.7.1.3 Stray-Load Loss (Direct Method)
6.7.1.3.1 Test Method F. See 5.4.2 or 5.4.3.
6.7.1.3.2 Test Method F1. See 5.4.4.

6.7.2 Calculation Form, Form F-F1 (see 10.5) is used to determine the value of total reac-
tance and rotor resistance (except if the alternative test in 6.7.1.2.3 is performed) based on
the values of voltage, current, and input power obtained from the no-load and locked-rotor
impedance tests. It is arranged on the basis of X; and X, remaining constant throughout the
range of operation of the machine. Should the curve of locked-rotor current vs. voltage de-
part from a straight line in the range of currents under consideration, each column of cal-
culations in 10.5 should use values of reactance obtained from this curve for the value of I;
calculated in the column.
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The results of the calculations of 10.5 may be plotted in curve form, from which the sum-
mary of characteristics in 10.5 can be determined, or iterative calculations can be made to
determine the slip corresponding to the desired load points for 10.5.

6.7.8 Calculation of Maximum Torque. Maximum or breakdown torque in a motor is
determined from 10.5 using the following slip value:

s= Ry
\/R12 +(X;+ X, )2 (Eq 49)

6.8 Test Method C/F, E/F, or E1/F1 — Equivalent Circuit Calibrated With One Load Point.
When a slip current point under load with a stator winding temperature of ¢; is available,
Method F or Method F1 may be used to determine machine characteristics at other loads. In
such cases, Rg is not determined from the low-frequency impedance test. The following
procedure is used:

(1) Use Form F-F1 (see 10.5), but start with line 2 with an assumed value of Ry/s for the
test load point and the value of Ry based on stator winding temperature of .

(2) After reaching line 21, check calculated value of input current and input power ver-
sus measured values of input current and input power.

(3) Adjust Ro/s and X, and iterate until the calculated value of input power and input
current both agree with the measured value of input current and input power within
1%. Other circuit parameters should not be adjusted. (Input power is primarily a
function of Rg/s.)

(4) Obtain Ry by multiplying the final assumed value of Ro/s by the measured value of
slip in per unit of synchronous speed. This procedure establishes the value of Rg
(without temperature correction) to be used in calculating the load performance
characteristics.

(5) Correct R; and R to the specified temperature, ¢, in accordance with 5.1.1, and de-
termine performance at desired load points following the format shown in 10.5.

6.8.1 Stray-Load Loss (Indirect Method)
6.8.1.1. For Method C/F, the stray-load loss shall be determined as follows:

(1) For both the motoring and generating load point, determine the average value of
stray-load loss, Wrpave, following the procedure in 6.5.2, steps (1) through (5).

(2) For both the motoring and generating load point, determine the average value of ro-
tor current , Io,ve, using Eq 26.

(3) The value of stray-load loss, W, for any load point is then calculated as

I 2
Wi, = WIZL[—I?)
2 (Eq 50)

W L = average value of stray-load loss, Wyjave, from (1)

I, rotor current determined by solution of the equivalent circuit for the appropriate
’ load point
Iy = average value of rotor current , Ioaye, from (2)

The value of stray-load loss, Wi, reported in 10.5 should correspond to a value of I
equal to the average value of rotor current as determined from (2).
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6.8.1.2 Test Method E/F. See 5.4.2 or 5.4.3.
6.8.1.3 Test Method E1/F1. See 5.4 4.
6.8.2 Calculations Form. See 10.5.
6.9 Power Factor

6.9.1 Indirectly Obtained. The power factor is the ratio of watts to volt-amperes. For
three-phase machines,

power factor = - watts = (Eq 51)
V3 . line to line volts - line amps

6.9.2 Directly Obtained. For three-phase machines, the power factor may be checked by
Eq 52 when the two-wattmeter method is used.

power factor = —
143 =W JZ
W+ W, (Eq 52)

where

W1 = the higher reading
W2 = the lower reading

If Wy gives a negative reading, it must be considered a negative quantity.

If a polyphase wattmeter is used, the values of the single-phase wattmeter readings can be
obtained by opening separately each of the voltage coil circuits of the polyphase wattmeter.
With pulsating loads, the power factor obtained by the direct method may be higher than
that obtained by the indirect method. The higher value shall be taken as the correct read-
ing. The difference is due to the inclusion in the volt-amperes of the pulsating component
of current, which is a function of the load rather than of the machine itself. The power fac-
tor determined from the ratio of wattmeter readings is not affected by the presence of pulsat-
ing current.

6.9.3 Equivalent Circuit Calculation (F-F1). The power factor may be determined from
the equivalent circuit by dividing the total resistance by the total impedance. This deter-
mination is shown in Form F-F1, line 31 (see 10.5).

7. Other Performance Tests

7.1 Rotor Voltage. On wound-rotor machines, the voltages shall be measured between all
rotor terminals, with the rotor locked and its windings open circuited and with rated volt-
age being applied to the stator. If any unbalance is detected, it is usual practice to take read-
ings with several rotor positions to determine an average.

72 Locked-Rotor Tests
7.2.1 Current. This test may be performed either to check for quality or to determine per-

formance. When possible, readings shall be taken at rated voltage and frequency, since
the current is not directly proportional to the voltage because of changes in reactance
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caused by saturation of the leakage paths. When the test is made to check the quality of
squirrel-cage machines, it is possible to omit the mechanical means of locking the rotor by
applying single-phase power of rated voltage and frequency to any two of the machine line
terminals of a three-phase machine. With a three-phase machine, the line current will be
approximately 86% and the power input will be approximately 50% of the corresponding
values obtained with polyphase power. The values so obtained may be compared with those
measured on a duplicate unit that has been subjected to a complete test.

7.2.2 Torque. The locked-rotor torque is taken as the minimum torque developed at rest
in all angular positions of the rotor. The torque may be measured with a rope and pulley, or
with a brake or beam. Wound-rotor motors are always subject to variations in locked-rotor
torque, depending on the angular position of the rotor with respect to the stator. For squirrel-
cage motors, it is usual practice to lock the rotor in any convenient position. If the locked-
rotor torque is not measured directly as mentioned above, the approximate locked-rotor
torque may be calculated as follows:

k(P — Pow ~ P )C,

T =
N (Eq 53)

where

Pg; = input power to stator, in W

P, = stator IR loss, in W, at the test current!® (see 5.1)

P, = core loss, in W, at test voltage (see 5.3.5)

ng = synchronous speed, in r/min

C1 = a reduction factor (varying between 0.9 and 1.0) to account for nonfundamental

losses
k 9.549 for T, in Nem

7.043 for T, in Ibeft

7.2.3 Power. Readings of watts input shall be taken simultaneously with those of current
and torque.

73 Tests for Speed-Torque and Speed-Current Curves
7.3.1 Definitions

7.3.1.1. The speed-torque characteristic is the relation between torque and speed, em-
bracing the range from zero to synchronous speed for a motor and from synchronous speed
to pull-out speed for an induction generator. This relation, when expressed as a curve, will
include maximum (breakdown), pull up or pull out, and locked-rotor torques.
For wound-rotor motors, the torque and current shall be measured between synchronous
speed and the speed at which maximum torque occurs. The slip rings shall be short-cir-
cuited for this test.

7.3.1.2. The speed-current characteristic is the relation between current and speed.
(This curve is generally plotted on the same sheet as the speed-torque curve, using a com-
mon speed scale for both curves.)

7.3.2 Speed-Torque Curve Procedure. Any one of the following methods may be used to
obtain data for a speed-torque curve. The selection of the method will depend upon the size

15At the temperature of the locked-rotor test.
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and the speed-torque characteristics of the machine and the testing facilities. In all four
methods, sufficient test points should be recorded to ensure that reliable curves, including
irregularities, can be drawn in the regions of interest from the test data. It is important that
the frequency of the power supply be maintained constant throughout the test at the rated
value for the motor. For wound-rotor motors, the slip rings shall be short-circuited for this
test.

Methods 1 and 4 require the maintenance of constant speed for each reading. Therefore,
they cannot be used in regions where the torque of the machine increases with speed more
rapidly than that of the loading device. From the results of the following tests, adjusted to
rated voltage, curves of torque and current should be plotted versus speed.

7.3.2.1 Method 1 — Measured Output. A dc generator that has had its losses previously
determined is coupled or belted to the motor being tested. An ac power supply of rated fre-
quency is connected to the motor terminals. The voltage should be as high as can be im-
pressed upon the motor terminals without excessive heating, at least 50% of rated voltage, if
possible. The speed of the motor for each test point is controlled by varying the load on the
generator.

In this test, readings are taken at speeds between approximately 1/3 synchronous speed
and the maximum speed obtainable. The speed should be constant when the readings are
taken, so that acceleration or deceleration power does not effect the results. At each speed
setting, readings of voltage, current, and speed are taken for the induction motor, and
readings of armature voltage and current and field current are taken for the dc generator.
Care should be taken not to overheat the motor.

The accuracy of speed measurement is particularly important at low slip. The speed
measuring device should be accurately adjusted or calibrated. All points should be read as
soon as the meters have settled, without waiting for the slow creep in the indications to dis-
appear.

The total power output of the motor is the sum of the output and losses of the dc generator.

The torque, T, at each speed is calculated using Eq 54.

T k(Pso + F1)
n (Eq 54)
where
Pgo = output of dc generator, in W
PgL = losses of dc generator (including friction and windage), in W
n = test speed of motor, in r/min
k= 7.043 for T, in Ibeft

9.549 for T, in Nem

At the speed for the test point, the values of torque and current are ratioed to the specified
voltage, V, as described in 7.3.2.5.

7.3.2.2 Method 2 — Acceleration. In the acceleration method, the motor is started with
no load, and the value of acceleration is determined at various speeds. The torque at each
speed is determined from the acceleration of the mass of the rotating parts. Accurate mea-
surements of speed and acceleration are an essential requirement of this method. The
motor should be operated from a rated frequency ac power source.

The acceleration to be used and, consequently, the duration of the test are determined
by the type of instruments that are used to make the measurements. In any case, the accel-
erating time should be long enough so that electrical transient effects in the instruments
and in the motor do not distort the speed-torque curve. The accelerating time must also be
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long enough to permit recording the necessary number of mechanical and electrical mea-
surements with sufficient accuracy for plotting the required curves (see 7.3.2).

When manually recording the data at each point, the accelerating time may be in-
creased by using a lower applied voltage or by coupling a suitable inertia to the motor shaft.

As the motor accelerates from rest to near synchronous speed, simultaneous readings
are taken of line-to-line voltage for one phase, line current in one phase, speed, and time in
seconds. A minimum of five sets of readings should be taken during the accelerating pe-
riod; however, more readings should be taken if possible. If the motor’s starting friction is
high, or if more accurate data in the zero speed range are desired, the motor can be started
rotating in the reverse direction prior to application of power for the acceleration on which
measurements are to be taken.

If Method 3 (see 7.3.2.3) is to be used as a check, line power should be taken with a
polyphase wattmeter or two single-phase wattmeters at each speed point where data are
recorded.

It may sometimes be necessary to take more than one run at different voltages in order to
get satisfactory readings throughout the curve, especially when there are appreciable cusps
in the speed-torque characteristics.

The torque, T, at each speed is calculated from the acceleration using Eq 55.

r-J.an
k dt (Eq 55)

where (in US customary units)

T = torque, in lbeft

J = moment of inertia of rotating parts, in lbeft2

dn/dt = acceleration at each speed, in revolutions per minute per second
k = 3072

where (in SI units)

T = torque, in Nem

J = moment of inertia of rotating parts, in kgem?

dn/dt = acceleration at each speed, in revolutions per minute per second
k = 9.549

At the speed for the test point, the torque and current of the motor are corrected to the speci-
fied voltage, V, as described in 7.4.

7.3.2.3 Method 3 — Input. In this method, the torque is determined by subtracting the
losses in the machine from the input power. It is a valuable check on the other methods, and
is particularly useful when the machine cannot be unloaded to determine torque by accel-
eration. In practice, the method is approximate because the stator losses cannot be readily
determined for the actual operating conditions and, therefore, must be approximated. This
method is also subject to error in the case of special machines that may have substantial
positive or negative harmonic torques that are not readily evaluated.

The machine is started as described in 7.3.2.2, except that it does not have to be unloaded.
The input readings called for in 7.3.2.2 are plotted against the speed readings. The line
voltage, line current, power, and speed should be plotted versus time. Average values of the
zero speed readings from the locked test, as described in 7.2.2, adjusted to the voltage at
which the other readings were taken, should be included.

The torque, T, at each speed is determined from the input power using Eq 56.
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0.5
k n
T= [—J'[Psi_Pcu“Pc‘LLs—LLr(_] } ~Ttw
n n,
* ® (Eq 56)
where
Pg; = input power to stator, in W
P.; = stator IR loss, in W, at the test current (see 5.1)
P, = core loss, in W, at test voltage (see 5.3.5)
LL; = fundamental frequency stray-load loss, in W, at the test current (see 5.4.2.3)¢
LL, = higher frequencies stray-load loss, in W, at the test current (see 5.4.2.3)
n = test speed, in r/min
ng = synchronous speed, in r/min
k = 7.043 for T', in lbeft
= 9.549 for T, in Nem
Ttw = motor friction and windage torque at test speed, in lbeft or Nem

At the speed for the test point, the torque and current of the motor are corrected to the speci-
fied voltage, V, as described in 7.4.

7.3.2.4 Method 4 — Direct Measurement. The torque and current are measured as the
machine is loaded at various speeds with a dynamometer or pony brake. At each speed, si-
multaneous readings of voltage, current, speed, and torque are taken. The test should be
taken as near rated voltage as practical, but, if a reduced voltage is used, the motor torque
and current should be corrected to the specified voltage as described in 7.4.

7.4 Correction of Data for Speed-Torque, Speed-Current, and Locked-Rotor Tests Run at
Reduced Voltage. When it is necessary to establish values of current and torque at rated
voltage, based on tests made at reduced voltage, it should be recognized that, because of sat-
uration of the leakage flux paths, the current may increase by a ratio somewhat greater
than the first power of the voltage; and the torque may increase by a ratio somewhat greater
than the square of the voltage. The relationship varies with design; however, as a first ap-
proximation, the current is calculated as varying directly with voltage, and torque with the
square of voltage.

A more exact method of test requires determining the rate of change of current and torque
with voltage by establishing speed-torque and speed-current curves for at least two, and
preferably for three or more, values of voltage. The reduced-voltage test points should be
plotted on log-log paper and corrected to rated voltage using a least square curve fit for
maximum accuracy. On speed-torque and speed-current curves, enough points at various
speeds must be corrected to provide true representation of the curve over the entire speed
range.

8. Temperature Test

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. The following subsections are guides for the test procedure and treatment of
data.

18]f the LL, component of stray load loss is not available, it may be assumed that the stray load loss is equal to
LL,. If the stray load loss (LLs + LL) has been determined from a dynamometer test or a pump-back test, the total
value of stray-load loss may be used as the value of LL; or, the value of LLs may be determined by the method
outlined in 5.4.2, and LLr may be determined as the value of stray load loss minus the value of LLs.
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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 discrepan-
cies 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.

8.2.1. Temperature measuring devices shall be in accordance with IEEE Std 119-1974.(5].
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.

8.2.2. 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 ther-
mometer to the hottest parts that can be made quickly accessible by removing covers.

8.2.3. The loading method for making the temperature test shall be one of the following:

(1) The actual loading method in which the machine is loaded as a motor or generator
under the rated (or desired) condition.

(2) Primary-superposed equivalent loading method. A typical condition is shown in
Fig 4. The machine to be tested is operated at no-load from a main power source, and
low-voltage auxiliary power of different frequency is superposed.

Generally, temperature rises are determined by running with the superposed power sup-

plied at a frequency 10 Hz below rated frequency, and with the voltage so adjusted that the
primary current is equal to the rated value.
NOTES: (1) When the loading for the temperature test is the superposed equivalent loading method per 8.2.3(2),
the slip loss, per 4.3.2, does not apply, and a tested value of rotor I“R loss cannot be obtained. Therefore, when
equivalent loading is used, calculated rotor J2R must be used in determining efficiency by the segregated loss
method, see 6.6.

(2) Inasmuch as there are oscillatory torques applied to the stator and rotor of the machine supplied with power at
two different frequencies, per 8.2.3(2), vibration will be abnormal during this condition, and normal criteria for
vibration do not apply. Vibration should be monitored and compared against acceptable limits for the machine be-
ing tested. After the machine has been heated as described under 8.2.3(2), the auxiliary frequency can be removed
and vibration measured with rated frequency and voltage applied to determine the vibration of the machine oper-
ating at normal running temperature. The machine will cool rapidly after removing the auxiliary frequency.
Therefore, temperature should be monitored by thermocouple to ensure that vibration is measured while the motor
is within 25% of normal operating temperature.

8.3 Methods of Measuring Temperatures. There are four methods of determining tempera-
tures:

(1) Thermometer

(2) Embedded detector

(3) Winding resistance

{4) Local temperature detector

For general information, refer to IEEE Std 119-1974 [5], and IEEE Std 1-1986 [B1].

8.3.1 Method 1 — Thermometer. This method is the determination of temperature by
alcohol thermometers, by resistance thermometers, or by thermocouples, with any of these
instruments applied to the hottest part of the machine that is accessible to alcohol ther-
mometers.

8.3.2 Method 2 — Embedded Detector. This method is the determination of temperature by
thermocouples or resistance thermometers built into the machine.

Specially designed instruments should be used with resistance thermometers to prevent
the introduction of significant error or damage due to heating of the resistance thermome-
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ter during measurement. Many ordinary resistance measuring devices may npt be suit-
able because of the relatively large current that may be passed through the resistance ele-
ment while making the measurement.
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M = motor to be tested f1 = frequency (rated frequency)
T = series transformer I; = primary current of induction machine
a = connecting points of voltmeter, ammeter, and V, = auxiliary voltage
wattmeter ..
. fy = auxiliary frequency
G = auxiliary power generator W=i
. = input power
V; = terminal voltage (rated voltage)
NOTES: (1) The phase rotation of the auxiliary power (2) Vo will be less than V; (usually 10%-20% of
shall be chosen to have the same direction as that of V;). Vy is the voltage necessary to cause rated current
the main power. I; to flow.
Fig4

Typical Connection for Superimposed Equivalent Loading
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8.3.3 Method 3 — Resistance. This method is the determination of temperature by com-
paring the resistance of the winding at the temperature to be determined with the resistance
at a known temperature. The temperature of the winding is calculated by following the
equation:

R, -R
tz=tb+[ tR b]-(tb+k)

b (Eq 57)
where
t, = total temperature of winding when R, was measured, in °C
R, = resistance measured during test, in Q
Ry = reference value of resistance previously measured at known temperature ¢}, in Q
tp, = temperature of winding when reference value of resistance R} was measured,
in °C
234.5 for 100% IACS conductivity copper

Bl
non

225 for aluminum, based on a volume conductivity of 62%

NOTE: For other winding materials, a suijtable value of 2 (inferred temperature for zero resistance) must be
used.

Since a small error in measuring resistance will make a comparatively large error in
determining temperature, the winding resistance should be measured by a double bridge,
or other means of equivalent accuracy, and checked by a second instrument, if possible.
When using Eq 57 to calculate the temperature, both the reference resistance and the test re-
sistance should be measured using the same test equipment.

In a squirrel-cage machine, the change in rotor resistance due to heating results in a
change in slip. For a given value of torque, the temperature of the rotor can be indirectly
determined from the hot slip reading, Sy, and cold slip reading, S, by substituting S, for R
and S, for Ry, in Eq 57. The slip shall be accurately determined for both hot and cold condi-
tions. Small errors in the slip values may occasion considerable errors in the calculated
temperature from which the temperature rise is obtained.

8.3.4 Method 4 — Local Temperature Detector. The local temperature of various parts of a
machine can be determined using a local temperature detector. The maximum dimension
of the detecting element should not exceed 2 in. The detecting element is placed in thermal
proximity to the part at which the local temperature is to be measured. Examples of local
temperature detectors are

(1) Thermocouples
(2) Small resistance thermometers
(3) Thermistors

These are frequently installed as permanent parts of a machine in places not accessible
to alcohol thermometers. They are used to determine the local temperature of winding con-
ductors, core laminations within a package, and winding temperature between coil sides.
Since the temperatures measured by local temperature detectors may deviate substantially
from those determined by the thermometer method, the embedded-detector method, and the
resistance method, the temperatures so measured should not be interpreted in relation to
standards written in terms of these other methods.

8.4 Temperature Readings

8.4.1 General. The following subsections describe three methods of temperature mea-
surement. These are used to measure the temperature of the windings, the stator core, the
incoming cold coolant, and the exhaust hot coolant. Each method of measurement is best
suited for particular parts of a machine. Thus, in a given test, it may be desirable to use all
three methods to measure the temperature in the various parts of the machine.
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8.4.2 Thermometer Method. Temperatures taken by the thermometer method (see 8.3.1)
may be measured on the following parts during the temperature tests and, if specified, after
shutdown:

(1) Stator coils, in at least two places

(2) Stator core, in at least two places

(3) Ambient

(4) Air discharged from frame or air discharge ducts, or internal coolant discharged to
the inlet of coolers of machines with recirculating cooling system

(5) Frame

(6) Bearings (when part of the machine)

The temperature sensing elements should be located to obtain the highest temperatures,
except for ingoing and discharge air or other coolant temperature, for which they should be
placed to obtain average values.

8.4.3 Embedded-Detector Method. Temperatures of the windings of machines equipped
with embedded detectors should be determined by the embedded-detector method (see 8.3.2)
during the temperature test. Temperature measurements of all embedded detectors should
be recorded, and the maximum of these values should be reported as the temperature of the
winding by embedded detector. Readings after shutdown are not normally required.

8.4.4 Resistance Method for Windings. Temperatures of the stator (and rotor of wound-
rotor machines) winding may be determined by the resistance method (see 8.3.3) after
shutdown. The resistance should be measured across any two line terminals for which a
reference value of resistance has been measured at a known temperature. The resistance
should be measured directly at the machine terminals.

8.5 Measurement of Ambient Temperature. For the procedure to be followed in the mea-
surement of ambient temperature, see IEEE Std 119-1974 [5].

8.6 Procedure. The machine may be loaded by one of the methods outlined in 8.2.3. The
loading may be determined by direct measurement of output or input.

A machine having multiple ratings (such as a multi-speed or oil-well service machine)
shall be tested at the rating that produces the greatest temperature rise. Where this cannot
be predetermined, the machine shall be separately tested at each rating.

A dual frequency machine may be tested at whichever frequency is available, provided
that the load is adjusted to be equivalent to the frequency that results in the maximum tem-
perature rise.

A machine having a service factor greater than 1.0 shall be tested at the service factor
load to establish that the machine meets insulation class temperature limits, except when
temperature rise at a specified loading forms part of the machine rating. However, the
temperature rise at 1.0 service factor shall be used in calculating machine performance in
accordance with 5.1.1.

When the temperature run is at the service factor load rather than rated load (1.0 sf), the
temperature rise by resistance of the motor at rated load can be derived by varying the tem-
perature rise by the square of the current. For the efficiency calculations, the total tempera-
ture will be the rise at rated load plus 25 °C.

2
1
erat = ZRtest ‘[_Irated J

test

(Eq58)
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8.6.1. The test shall be continued for the specified time (for machines not continuously
rated), or until constant temperatures have been reached. Unless otherwise specified, a
short-time test shall commence only when machine parts are within 5 °C of the ambient
temperature.

8.6.2. On continuously-rated machines, when a long time is required to attain steady
temperature, reasonable (25% to 50%) overloads during the preliminary heating period are
permissible in order to shorten the time of test.

8.6.3. For continuously rated machines, readings shall be taken at intervals of 1/2 h or
less. For noncontinuously rated machines, readings shall be taken at intervals consistent
with the time rating. For continuous rated machines, the temperature test shall continue
until there is 1 °C or less change in temperature rise between two successive readings.

8.6.4. The measurement of temperatures after shutdown by the resistance method re-
quires a quick shutdown of the machine at the end of the temperature test. A carefully
planned procedure and an adequate number of people are required to obtain readings soon
enough to give reliable data.

Table 3
Maximum Time Delay in Temperature Measurements

Rating Time Delay After Switching
Off Power (Seconds)
50 kVA or hp, and less 0
Above 50 kVA or hp, to 200 kVA or hp 0
Above 200 kVA or hp 120

If the initial resistance reading is obtained within the time interval indicated in Table 3,
this reading is accepted as the temperature measurement.

If the initial resistance reading cannot be made within the time delay given by the table,
it shall be made as soon as possible, and additional resistance readings shall be taken at
intervals of 3060 s for a minimum of 10 readings.

A curve of these readings shall be plotted as a function of time, and shall be extrapolated
to the time delay given by the above table for the rating of the machine. A semilogarithmic
plot is recommended, in which resistance is plotted on the logarithmic scale. The value of
resistance thus obtained shall be considered as the resistance at shutdown. If successive
measurements show increasing temperatures after shutdown, the highest value shall be
taken. Where the first reading cannot be taken within twice the time delay given by the
table, the time shall be subject to agreement.

8.6.5. Extreme care shall be taken to secure accurate resistance measurements, since a
small error in measuring resistance will cause a comparatively large error in determin-
ing the temperature. Resistance measurements shall be made as outlined in IEEE Std 118-
1978 [4).

8.7 Temperature Rise. When the machine is ventilated by the immediately surrounding
air, the temperature rise is the observed machine temperature minus the ambient tempera-
ture. When the machine is ventilated by air obtained from a remote source or a heat ex-
changer, the temperature rise is the observed machine temperature minus the ingoing air
temperature entering the machine.

Machines may be tested at any altitude not exceeding 3300 ft (1000 m) and with cooling
air temperatures between 10° C and 40 °C without correction of temperature rise.
NOTE: At higher altitudes, the temperature rise will be greater than at sea level. While an exact conversion is not

available, a commonly used method allows for the influence of altitude. For each 330 ft (100 m) above 3300 ft (1000
m), the temperature rise is reduced by 1% to obtain the rise expected at sea level.
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9. Miscellaneous Tests

9.1 Insulation Resistance. For maintenance purposes, insulation resistance tests are of
value. All accessories, such as surge capacitors, surge arresters, current transformers,
etc., that have leads located at the machine terminals shall be disconnected during this
test, with the leads connected together and to the frame or core.

For test methods, see IEEE Std 43-1974 [2].

9.2 High-Potential Test

9.2.1. For measurement of high-potential test voltage, see IEEE Std 4-1978 [1]. The volt-
meter method of measurement is commonly used.

9.2.2. The high-potential test voltage shall be successively applied between each electric
circuit and the frame, with the windings not under test and the other metal parts connected
to the frame. Interconnected polyphase windings are considered as one circuit. All acces-
sories, such as surge arresters, current transformers, etc., that have leads located at the
machine terminals shall be disconnected during this test, with the leads connected together
and to the frame or core.

9.2.2.1. No leads shall be left unconnected during the test as this may cause an ex-
tremely severe stress at some point of the winding. In performing the test, the voltage shall
be increased to full value as rapidly as possible while still maintaining an accurate meter
reading; and the full voltage should be maintained for 1 min. It should then be reduced at a
rate that will bring it to 1/4 value or less in not more than 15 s.

WARNING: Due to the high voltage used, high-potential tests should be conducted only
by experienced personnel, and adequate safety precautions should be taken to avoid in-
Jjury to personnel and damage to property. For the procedures recommended, refer to
IEEE Std 4-1978 [1] and IEEE Std 62-1978 [B2].

9.3 Winding Resistance Measurements. For the procedures recommended in the mea-
surement of resistance, refer to IEEE Std 118-1978 [4], IEEE Std 119-1974 [5], or 8.3.3 of this
standard.

9.4 Shaft Currents and Bearing Insulation. Shaft currents can flow in rotating machinery
as a consequence of electromagnetically developed voltages in the shaft or frame.

In electrical machines, any unbalance in the magnetic circuits, or in the electrical
phase currents that encircle a shaft, can create flux linkages with the rotating system.
When the shaft rotates, these linkages can produce an electric potential difference between
shaft ends. This voltage is capable of driving a circulating current in a shaft-to-frame loop
by using two bearings to complete the circuit.

If the opposite drive end bearing (or both bearings) is/are isolated from the frame, the
conducting path is impeded by the insulation, and the circulating shaft current in that ma-
chine is inhibited. If only the drive end bearing is insulated, however, the current may be
able to circulate by using the opposite end bearing in conjunction with an uninsulated bear-
ing in the interconnected equipment to complete the circuit.

9.4.1 Test to Measure Shaft Potential for Circulating Shaft Currents. In machines that
have insulation on all bearings (or all but one bearing), a test can be conducted to detect the
presence of shaft potential while the unit is operating under rated speed and voltage.
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This test can also be applied to machines that have insulating properties in all bearing
oil films.

First, a shaft brush is used to “short out” the uninsulated bearing (or one bearing, if all
are insulated). This fixed brush is applied to the shaft near the bearing and connected to the
frame with a short piece of low resistance conductor.

The test is completed by measuring the shaft potential to the frame at each of the other
bearings. A high-impedance oscilloscope should be utilized and connected with one lead
grounded to the frame and the other lead attached to a “shaft brush.” This brush is then ap-
plied to a shaft section near each bearing and the peak voltages are measured.

It is preferable to use a low-impedance shielded conductor for the oscilloscope leads to
minimize electromagnetic interference. This shield should be grounded at one end only.

If an oscilloscope is not available for the test, a high-impedance voltmeter can be used.
Both ac and dc voltages should be measured at each bearing. The peak voltage can be
roughly approximated by adding the dc level and 1.4 times the ac rms level. This estimated
peak voltage, however, may be considerably below the actual peak value.

An alternate method involves measuring the ac voltage with brushes contacting opposite
ends of the shaft while the machine is operating at rated voltage and speed.

9.4.2 Test to Measure Possible Level of Shaft Current. This test can be conducted on ma-
chines described in 9.4.1. The procedure is identical to that of 9.4.1, with the exception that a
low-resistance ammeter is used in place of the oscilloscope.

9.4.3 Test to Measure Bearing Insulation Resistance

9.4.3.1 Method 1. The most reliable check on bearing insulation is performed with the
unit at rest. If only one bearing is insulated, a layer of insulating paper should be applied
under the uninsulated bearing journal to insulate the shaft from the bearing. Couplings to
adjacent units should be disengaged if they are not insulated.
A low-voltage ohmmeter should be used to make a preliminary check at each insulated
bearing. With one meter lead applied to the shaft and the other to the frame (across the insu-
lation), the bearing insulation resistance can be measured.

9.4.3.1.1. On some machines, bearings are provided with two layers of insulation,
with a metallic separator between them. On these units, the above described tests should be
conducted between the metallic separator and the machine frame. The test can be con-
ducted while the machine is running, but it is preferable to conduct the test with the ma-
chine at rest. The test should be supplemented with a careful visual inspection to ensure
that there are no possible parallel paths that are uninsulated.

9.4.3.2 Method 2. A layer of heavy paper is placed around the shaft to insulate the jour-
nals of the uninsulated bearings. The coupling of the driving or driven units should be
disengaged, if it is not insulated. Then, from a 110-125 V source with either a filament
lamp suitable for the circuit voltage or a voltmeter of approximately 150 V full scale with a
resistance in the range of 100-300 (/V placed in series with the voltage source, two leads
should be run, one to the insulated bearing and the other to the frame (across the insula-
tion). If the lamp filament does not show color (or if the reading of the voltmeter does not
exceed 60 V), the insulation may be considered satisfactory.
A 500 V megohmmeter may also be used. This is much more sensitive than the above
method and may tend to reject insulation, which, in reality, is adequate to prevent the
small shaft voltage from causing injurious current. See 9.4.3.1.1.

9.5 Noise. See IEEE Std 85-1973 [3].
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9.6 Balance and Vibration

9.6.1. Motor and generator rotors should be dynamically balanced with a half key in
place.

9.6.2. Mounting conditions will effect the vibration of a machine. To obtain measure-
ments that are as nearly independent of mounting conditions as possible, the machine
shall be placed on flexible pads or springs. The compression of the flexible pads or springs
(downward) by the weight of the machine alone shall not be less than the values shown in
Table 4.

The pads or springs shall be selected so that the compression is not more than 1/2 the orig-
inal thickness.

When the machine, either because of its size or for some other reason, cannot be mounted
on flexible pads or springs, the machine shall be mounted on a foundation in which the
natural frequencies of the motor-foundation system are at least 25% away from the rota-
tional exciting frequency.

Table 4
Vibration Mounts

Speed Minimum Compression
r/min in mm

900 1 254
1800 1/4 6.35

3600 V16 1.6

7200 1/64 0.4

9.6.3. Displacement, velocity, or acceleration measuring devices (transducers) may be
used to measure and record vibration. Displacement measuring transducers are, in gen-
eral, more sensitive at low frequencies encountered in motors with rigid bearings or at
speeds of 1000 r/min and below. Velocity transducers are more sensitive at medium fre-
quencies and accelerometers are more sensitive for speeds above 10 000 r/min.

9.6.4. With the machine running at no-load, record vibration measurements in the fol-
lowing locations and by the method indicated:

(1) Bearing housings — displacement, velocity transducer or accelerometer (readings
in vertical, horizontal, and axial directions).

(2) Center of frame — displacement, velocity transducer or accelerometer (readings in
horizontal plane).

(3) Shaft vibration (when specified) — shaft velocity transducer or accelerometer with
shaft rider, or noncontacting proximity probes (readings in the vertical and hori-
zontal direction or at two locations 90° apart). When the probes are not positioned
along the horizontal and vertical axes, consideration shall be given to resolving the
measurements to those axes. On machines with proximity probes or provisions for
proximity probes, the combined electrical and mechanical run-out value shall be
recorded.

The double amplitude displacement is taken as the measure of the vibration.

9.7 Overspeed. If overspeed tests are specified, every precaution shall be taken to protect
personnel and equipment.
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10. Forms
10.1 Form A
Form A

Method A: Input-Output Test of Induction Machine

Type. Design Frame hp/kW Phase
Frequency Volts Synchronous r/min Serial No.
Degrees C Temperature Rise Time Rating Model No.
Test Point (Motoring)(Generating) 1 2 3 4 5 6

() Stator Winding Temperature, in °C

Ambient Temperature, in °C

Frequency, in Hz

Observed Slip, in r/min

Corrected Slip, in r/min*

Speed, in r/min

Torque

¥

(1) Dynamometer Correction ___________"'

(2)Corrected Torque_____________ '

(3) Shaft Power, in hp

Line Current, in A

Power Factor, in %

Stator Power, in W

(a) Stator I°R Loss, in W, at (&3) °C

(b) Stator /“R Loss, in W, at (t)

4) Stator Power Correction = (a) — (b)

(5) Corrected Stator Power, in W

(6) Efficiency, in %

Performance Curve

*See 4.3.2.2.

¥Indicate torque units as Nem or Ibeft.

Summary of Characteristics

Load, in % of rated 25 50 75 100 125 150

Power Factor, in %

Efficiency, in %

Speed, in r/min

Line Current, in A

& =

temperature of stator winding as determined from stator resistance or by temperature detector during test

ts = specified temperature for resistance correction (see 5.1.1)
(1) “Corrects” for windage and bearing loss torque of dynomometer and is equal to
A8
n
where
A = power, in W, required to drive machine as a motor when coupled to dynamometer with dynamometer armature

AW

(L (O TR T |

circuit open. A = (walts in — stator /2R)(1 — slip).

power, in W, required to drive machine as a motor when running free and uncoupled. B = watts in — stator I?R.
torque output registered by dynamometer during test “A.”

9.549 for torque, in Nem.

7.043 for torque, in Ibeft.

rotational speed, in r/min.

(2) Corrected torque is equal to observed torque plus correction (1) for motoring, and minus correction (1) for generating.
(5) This value is equal to observed power, in W, plus correction (4) for motoring, and minus correction (4) for generating.
(6) Percent efficiency = [(3)/(5)}- 74570 for motoring, and [(5)/(3)] - (100/745.7) for generating.
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102 Form B

Form B

IEEE STANDARD TEST PROCEDURE FOR

Method B: Calculation Form for Input-Output Test of Induction Machine With
Segregation of Losses and Smoothing of Stray-Load Loss

Type. Design Frame hp/kW Phase
Frequency Volts Synchronous r/min Serial No.
Degrees C Temperature Rise Time Rating Model No.
Stator Winding Resistance Between Terminals Ohms @ °C
Specified Temperature for Resistance Correction (t,) =
Item Description (Motoring)(Generating) 1 2 3 4 5 6
1 Ambient Temperature, in °C
2 (1) Stator Winding Temperature, in °C
3 Slip, in r/min
4 Speed, in r/min
5 Line-to-Line Voltage, in V
6 Line Current, in A
7 Stator Power, in W
8 Core Loss, in W
9 Stator [“R Loss, in W, at (1;) °C
10 Power Across Air Gap, in W
11 Rotor IR Loss, in W
12 Friction and Windage Loss, in W
13 Total Conventional Loss, in W
14 Torque *
15 Dynamometer Correction *
16 Corrected Torque ______________ *
17 Shaft Power, in W
18 Apparent Total Loss, in W
19 Stray-Load Loss, in W
Intercept. Slope Correction Factor. Point Deleted______
20 Stator IR Loss, in W, at (1,) °C
21 Corrected Power Across Air Gap, in W
22 Corrected Slip, in r/min
23 Corrected Speed, in r/min
24 Rotor I°R Loss, in W, at (t,) °C
25 Corrected Stray-Load Loss, in W
26 Corrected Total Loss, in W
27 Corrected Shaft Power, in W
28 Shaft Power, in hp
29 Efficiency, in %
30 Power Factor, in %
= temperature of stator winding as determined from stator resistance of temperature detector during test.
*Indicate torque units as Nem or lbeft.
Summary of Characteristics
Load, in % of rated 25 50 75 100 125 150

Power Factor, in

%

Efficiency, in %

Speed, in r/min

Line Current, in A
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Form B (Continued)

(4) Is equal to synchronous speed — (3). For generator operation, slip is negative.

(10) Is equal to (7) — (8) — (9) for motor operation, and (7) + (8) + (9) for generator operation.
(11) Isequalto é;g) l.'/f:in (positive for motor or generator operation).

(13) Is equalto (8) + (9) + (11) + (12).

(15) “Corrects” for windage and bearing loss torque of dynamometer, and is equal to

kWa-Ws)

n
where

Wa = (Pr-W1-Wp)-(1-51)

Wg = Po-Wo-Wy

Pi = input power, in W, required to drive machine as a motor when coupled to dynamometer with dynamometer

armature circuit open (Test “A”)

W1 = stator I?R loss, in W, during Test “A”

s1 = slip, in pu, during Test “A”

P, = input power, in W, required to drive machine as a motor running free and uncoupled (Test “B")

W, = stator I’R loss, in W, during Test “B”

Whr = core loss, in W

C = torque output registered by dynamometer during Test “A”

k = 9.549 for torque, in Nem

k = 7.043 for torque, in lbeft

n = rotational speed, in r/min during Test “A™

(16) Is equal to observed torque (14) plus correction (15) for motor operation, and (14) — (15) for generator operation.

(17) Is equal 1041—6*)/-(Jiz

(18) Is equal to (7) — (17) for motor operation, and (17) - (7) for generator operation.

(19) Isequalto (18) - (13).

(21) Is equal to (7) - (8) — (20) for motor operation, and (7) + (8) + (20) for generator operation.
(22) See 4.3.2.2, Eq 44.

(23) Is equal to synchronous speed — (22).

(24) Is equal to% (positive for motor or generator operation).

(25) Isequal to AT?

where
A = slope of the curve of (19) vs. (16)? using a linear regression analysiss, see 6.4.6
T = corrected torque = (16)

(26) Isequal to (8) + (12) + (20) + (24) + (25).
(27) Is equal to (7) — (26) for motor operation, and (7) + (26) for generator operation.

(28) Isequal xo:%—?
(29) Is equal 10@ - 100 for motor operation, and % - 100 for generator operation.
(30) Isequalto - (:7(55 1-0(06)
where
m = V3for three-phase power
Motoring:

Summary of characteristics obtained by plotting line current (6), speed (23), and efficiency (29) vs. output hp (28), then
curve fitiing the data to set these values at precise hp load points. Power factor is computed for each precise load point from its
amperes, volts, and input watts, where input watts is computed as

__hp - 746 - 100

input watts =——— -
P! efficiency in %

Generating:

Summary of characteristics obtained by plotting line current (6), speed (23), and efficiency (29) vs. output watts (7), then
curve fitting the data 10 set these values at precise kW load points. Power factor is computed for eash precise load point from its
amperes, volts, and output watts.
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10.3 Form C

Form C
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Method C: Duplicate Machine Test of Induction Machine With Segregation
of Losses and Smoothing of Stray-Load Loss

Type Design Frame hp/kW Phase

Frequency Volts Synchronous r/min Senal No.

Degrees C Temperature Rise Time Rating Model No.
°C

Specified Temperature for Resistance Correction (5) =

Stator Winding Resistance Between Terminals __________________ Ohms@

(See 5.1.1)

Ttem

Description (Motoring){Generating)

1 2 3 4 5 6

1 Ambient Temperature, in °C

(1)* Stator Winding Temperature, in °C

Frequency, Hz

Slip, in r/min

Line-to-Line Voliage, in V

Line Current, in A

2
3
4
5 Speed, in r/min
6
7
8

Stator Power, in W

9 Core Loss, in W

10 Stator /°R Loss, in W, at () °C

11 Power Across the Gap, in W

12 Rotor IR Loss, in W

13 Friction and Windage Loss, in W

14 Total Conventional Loss, in W

15 Rotor Current, in A

16 Average Rotor Current, in A

17 Average Stray-Load Loss, in W
Intercept Slope Correction Factor Point Deleted

18 Stator /R Loss, in W, at (t,) °C

19 Corrected Power Across the Gap, in W

20 Corrected Slip, in r/min

21 Corrected Speed, in r/min

22 Rotor IR Loss, in W, at (t,) °C

23 Corrected Stray-Load Loss, in W

24 Corrected Total Loss, in W

25 Corrected Shaft Power, in W

26 Shaft Power, in hp

27 Efficiency, in %

28 Power Factor, in %

*1;= temperature of stator winding as determined from stator resistance of temperature detector during test.

Summary of Characteristics

Load, in % of rated 25 50

75

100 125 150

Power Factor, in %

Efficiency, in %

Speed, in r/min

Line Current, in A
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Form C (Continued)

(4) For generator operation, slip is negative.
poles
(11) Is equal to (8) — (9) - (10) for motor operation, and (8) + (9) + (10) for generator operation
(11
(12) Is Equalto Syn. r/mi
(14) Is equalto (9) + (10) + (12) + (13)

a5y L=\ - g2

(5) Is equal to synchronous speed — (4) where synchronous speed

(positive for motor or generator operation)
n

where

I, = value of the rotor current for which the stray-load loss is to be determined

I, = wvalue of no-load current

1 = value of the stator line current for which the stray-load loss is to be detenmined

(16) Is equal to the average value of (15) motoring and generating.
(17) See 6.5.2.
(19) Is equal to (8) — (9) — (18) for motor operation, and (8) + (9) + (18) for generator operation.
(20) See 4.3.2.2.
(21) Is equal to synchronous speed — (20).
(22) Is equal ww (positive for motor or generator operation).
Syn. r/min
(23) IsequaltoA- (i)?

where
A = slope of the curve of (17) vs. (16)? using a linear regression analysiss see 6.5.2.1
Iz = rotor current (motoring or generating, as appropriate)

(24) Isequalto (9) + (13) + (18) + (22) + (23).
(25) Is equal to (8) — (24) for motor operation, and (8) + (24) for generator operation.

(26) Isequalto 25

745.7
(27) Isequal to (25) -1(2%0 for motor operation, and (8) g)% for generator operation.
(28) Is equalto LA
where
m = V3for three-phase power
Motoring:

Summary of characteristics obtained by plotting line current (7), speed (21), and efficiency (27) vs. output hp (26) or watts,
then curve fitting the data to set these values at precise hp load points. Power factor is computed for each precise load point
from its amperes, volts, and input watts, where input watts is computed as

input watts = _hp - 745.7 - 100
efficiency in %
Generating:
Summary of characteristics obtained by plotting line current (7), speed (21), and efficiency (27) vs. output watts (8), then
curve fitting the data to set these values at precise output watt load points. Power factor is computed for each precise load point
from its amperes, volts, and output waits.
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10.4 Form E-E1

Form E-E1
Method E-E1: Segregated Losses Performance of Induction Machine
Based on Electric Power Measurement

Type, Design Frame hp/kW Phase
Frequency Volts Synchronous r/min Sernial No.
Degrees C Temperature Rise Time Rating Model No.
Stator Winding Resistance Between Terminals Oms@ ________°C
Specified Temperature for Resistance Correction (fs) = (See 5.5.1)
(Test)(Standard) Stray-Load Loss (Wi1)= *(watts) @ I, (amperes)
Item Description (Motoring)(Generating) 1 2 3 4 5 6

1 Ambient Temperature, in °C

2 (t))' Stator Winding Temperature, in °C
3 Frequency, in Hz

4 Observed Slip, in r/min

S Corrected Slip, in r/min
6

7

8

Corrected Speed, in r/min
Line-to-Line Voltage, in V
Line Current, in A

9 Stator Power, in W

10 Core Loss, in W

11 Stator /R Loss, in W, at (i5) °C
12 Power Across the Gap, in W
13 Rotor I°R Loss, in W

14 Friction and Windage Loss, in W
15 Rotor Current, in A

16 Stray-Load Loss, in W

17 Total Loss, in W

18 Shaft Power, in W

19 Shaft Power, in hp

20 Efficiency, in %

21 Power Factor, in %

*Method E — see 5.4.2, Method E1 — See 5.4.4
f1 = temperature of stator winding as detcrmined from stator resistance or temperature detectors during test.

Summary of Characteristics

Load, in % of rated 25 50 75 100 125 150
Power Factor, in %
Efficiency, in %
Speed, in r/min
Line Current, in A
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Form E-E1 (Continued)

(4)  For generator operation, slip is negative.

(5) See 4.3.2.2.

(6) Equals Synchomous Speed - (5)

(12) Is equal to (9) — (10) — (11) for motor operation, and (9) + (10) + (11) for generator operation

(5) L. .
(13) Is Equalto (12) _——Syn. +/min (positive for motor or generator operation)

(15) L=VNIZ - 2
where
I value of the rotor current for which the stray-load loss is to be determined

value of no-load current
value of the stator line current for which the stray-load loss is to be determined

Io
1

(16) Ts equal to Wit - [(7]25—2]2

(17) Isequalto (10) + (11) + (13) + (14) + (16)

(18) Is equal 1o (9) ~ (17) for motor operation, and (9) + (17) for generator operation.
(18)

745.7

(20) Isequaltio [((ng)—) - 100 for motor operation, and [(ngg—)] for generating operation.

(21) Isequalto —) 100

(19) Isequalto

m - (7) - (8)
where
m = V3for three-phase power
Motoring:

Summary of characteristics obtained by plotting line current (8), speed (6), and efficiency (20) vs. output hp (19) or watts,
then curve fitting the data to set these values at precise load points. Power factor is computed for each load point from its
amperes, volts, and input watts, where input watts is computed as

. __hp-745.7 - 100
Input watls = efficiency in %
Generating:

Summary of characteristics obtained by plotting line current (8), speed (6), and efficiency (20) vs. output watts (9), then
curve fitting the data to set these values at precise output watt load points. Power factor is computed for each precise load point
from its amperes, volts, and output watts.
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10.5 Form F1

IEEE STANDARD TEST PROCEDURE FOR

Form F1
Method F-F1: Equivalent Circuit Nomenclature and Equations
for Determining Machine Constants

Procedure
When impedance data are determined following Methods 1 or
2 (see 6.7.1.2) a relationship between x; and x2 must be as-

sumed. When design details are available, use the calculated
ratio x1/xz,

Otherwise, use

(1—1) = 1.0 for Design A, Design D, and
*2 wound-rotor motors..

X1 .

(x_z) = 0.67 for Design B motors

(;—;) = 0.43 for Design C motors

VAR =(mVIL,)* -W?

2
o = mV,? 1
M VAR, -mI* x|, 2L
™ Eq1)
= VAR, (11 ) ]
| e
m121L(1+i+_xL) T2 M
B (®42)
X =f—xu,
L (Eq3)

Equations 1, 2, and 3 may be solved as follows:

(1) Solve Eq 1 for xm, assuming a value of x1/xm and x;.

(2) Solve Eq 2 for x;, using the value of x1/xm from (1).

(3) Solve Eq 3 for x;.

(4) Solve Eq 1 for xm, using x; from (3) and a ratio of x1/xm
from (1) and (3).

(5) Continue iteration solution until stable values of x; and
XM are obtained within 0.1%.

by = —
™ (Eq4)
Xy =
:
("2 (Eq5)

W, =W, -W; —mI* 1/
Determine Wy per 5.3.4

(Eq6)

(Eq7)

&g (Eq8)

2 2
r"=( W;‘ —r{’XHi) —[ﬂj (xang&)
ml“yL Xy x (Eq9)

To determine the circuit parameters using Method 3 (see
6.7.1.2) use the procedure outlined in 6.7.1.2.2.

To determine the circuit parameters using Method 4 (see
6.7.1.2) use the procedure outlined in 6.7.1.2.3.

Nomenclature

Vv = phase voltage, in V

f = frequency, in Hz

h = line or stator current, in A

I = rotor current, in A

m = number of phases

n = stator resistance corrected to specified temperature,
ty,in Q

ri = stator resistance at temperature during no-load test,
in Q

r = slator resistance at temperature during impedance
test, in

r = rotor resistance reffered to stator at specified
temperature, f, in

r2 = rotor resistance referrred to stator at temperature
during impedance test, in Q

X1 = stator leakage reactance, in Q

X2 = rotor leakage reactance referred to stator, in Q

XM = magnetizing reactance, in Q

b = magnetizing susceptance, in Q!

14 = core resistance, in Q

g = core conductance, in Q!

VAR = reactive volt-apmere, in vars

w = power,in W

Wh = core loss,in W

Wi = friction and windage loss, in W

WL = stray-load loss, in W

= LLy+ 1L,
Subscripts
L = to impedance test
[ = quantities pertaining to no-load test or operation

NOTES: (1) For three-phase machines, the per phase wye
stator resistance is one-half of the terminal-to-terminal
resistance.

(2) Design A, B, C, and D motors are defined in NEMA MG-
1-1987 [B3].

NOTE: Unless otherwise noted, all impedances, admittances, and voltages are per phase wye for three-phase motors. Powers and

volt-amperes are per complete motor.
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10.6 Form F-2
Form F-2
Method F: Induction Machine Characteristics
Machine Serial No. Model No.
Type. HpkW Voliage Synchronous Speed Frequency Phases
Summary of Tests
No Load Impedance Dataat ________ Hz(f)
Line Current, in A Stator Power, in W Line Volts Line Current, in A Stator Power, in W
I Wo L w
Constants
1% = (V) (per phase)
n = ()
rn = @
e = ©
x = «©@
x2 = (9]
(x1 +x2) ] Q)
bm = MQ)
8fe = MQ)
Wi = W)
Wh =W
WL + *(W)ath= (A)
*See 5.4.2, 5.4.3, or 5.4.4.
Summary of Characteristics
Load, in % of rated 25 50 75 100 125 150

Horsepower, in kW

Speed, in r/min

Line Current, in A

Efficiency, in %

Power Factor, in %

51
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10.7 Form F-3

Form F-3
Methods F, F1, C/F, E/F, and E/F1: Solution of Equivalent Circuit

Serial No. Model No.
Type hp/kW Voltage Synchronous Speed Phase Frequency
Before starting calculation, fill in following items, obtained from previous tests.
ry= V = phase volts A and Wi from Form F-2

also all the items below that are marked with an asterisk.

Assume a value of s corresponding to expected full-load speed for full-load point and proportional values for other loads. For
motor operation, s is positive. For generator operation, s is negative. Numbers in () represent item numbers.

Item Description (Motoring)(Generating) 1 2 3 4 5 6
1 s = slip, per unit
2 rys
*3 X2
4 Zy =)+ QY
5 £1=(2)/(4)
*6 25
7 §=5)+©
8 —b2 = (3)/(4)
*9 —bm=
10 5= (8)+ 9)
11 Y2 = (7)* + (10)°
12 re=MIAL
*13 ry = resistance per phase
14 r=(12) + (13)
15 xp = (10/(11)
*16 x) =
17 x = (15) + (16)
| s Vuspe iy
19 I1 =V/(18)
20 L=I/N@){1n
21 Stator Power, in W, = m - (19)* - (14)
22 Sec. Input = m - (20)* - (2)
23 Stator I“R = m - (19)% - (13)
24 Core Loss = m - (19)*- (6)/(11)
25 Sec. IR = (1) - (22)
26 Friction and Windage Loss
27 Wiy, = Wi [0)/L]*
28 Losses = Items (23) through (27)
29 Shaft power, in W, = (21) - (28)
30 Efficiency, in %, = (see below)
31 Power Factor, in %, = 100 - (14)/(18)
32 Shaft Power, in hp, = (29)/745.7
33 Speed = [1-(1)] - synchronous speed
34 Torque = K1 - (29)/(33)

(30) Efficiency, in %, = (29) - 100/(21) for motoring operation
= (21) - 100/(29) for gererating operation

For Torque in Kr=
1b+ft 7.043
Nem 9.549
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Appendixes

(These appendixes are not a part of IEEE Std 112-1991, IEEE Standard Test Procedure for Polyphase Induction
Motors and Generators.)

Appendix A
Typical Report of Test Form for Routine Tests on Induction Machines

Name of Manufacturer

Address of Manufacturer Date of Test
Manufacturer’s Order No.
Purchaser Purchaser’s Order No.

Nameplate Data

Rated Service Rated Speed Frequency
hp/kW Factor r/min Phase Hz Volts Amperes
emp RiseY) /Ambient Temp ) Code Letter
by Method || and Insulation Time Design for Locked
Type Frame Indicated Class Rating Letter kVA/hp

Test Characteristics

Stator Winding
No Load Locked Rotor Wound | High Resistance
Rotor | Poten- Between
Open- | tial Terminals
Fre- Fre- Circuit| Test Tem-
Serial quency{ Speed | Am- | Kilo- quency| Am- | Kilo- Voliage|Voltage perature
No. | Volts Hz | r/min | peres | watts* | Volts Hz | peres | watts* Ohms °C
*If measured, optional.
Notes:
Data on test from machine

(this or duplicate)

Approved by Date
(Engineer)
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Appendix B
Typical Report of Test Form for Induction Machines

Name of Manufacturer Manufacturer’s Order No.
Address of Manufacturer Date of Test

Serial No. Purchaser's Order No.
Model Number,

Purchaser

Nameplate Rating

Rated Service Rated Speed Frequency
hp/kW Factor r/min Phase He Volts Amperes Type Frame

Temperature Rise

Conditions of Test Temperature Rise °C
Stator Rotor
Windings Windings
*By *By
Hours Line Line | Cooling
Run Volts | Amperes{ Air, °C Method Method
Characteristics
Rated Slip No-Load Line Secondary Volts Secondary Amperes per Resistance at 25 °C
percent Current, amperes at Standstill Ring at Rated Load (between lines), ohms
Prim
Sec
Break-Down Torque Locked-Rotor Torque Starting Current
in t in ¥ Amperes (locked rotor) Volts ac for Sec.
with % volts applied | with % volts applied | with___ % volts applied Stotr Rotor
Efficiencies and Power Factor
Efficiency, Percent Power Factor, Percent
Rated Load 75% Load 50% Load Rated Load 75% Load 50% Load
Notes:
Data on test from machine
(this or duplicate)
Approved by Date

(Engineer)
*Indicate method as: Thermometer, Thermocouple, Resistance, or Embedded Detector.
*Indicate torque units as Nom or Ibsft.
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