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1. Introduction.

The interest in direct tests on electrical
machines for large range speed drives is growing
dramatically because of the increasing need for a
high level of reliability,
curacy of the energy qualification of the systems.

Referring to the output power measurement, it
can be recognized that a braking device must have
the following characteristics: a stable braking
action, a sensitive measurement system, low con-
sumption and minimum interference with the normal
working conditions of the machine being tested.

If we examine the devices which are currently
used, we f£ind that they do not always comply with
the above-mentioned requirements: as regards the
torque measurement especially, both the characte-
ristics of the braking device and those of the
torque transducer itself have to be examined.

We came to the conclusion that a permanent
magnet synchronous machine as a braking device
could represent a convenient response to the test
demands of modern drives. A load cell transducer
was chosen as the torque transducer for measuring
the reaction torque on the stator.

Here below a brief description of the device is

given and a comparison among its characteristics
and those of the traditional test benches is then
made.
Results of some tests we carried out are finally
shown. These allows us to make a preliminary as-
pessment of the fitness of the device and to give
some indications on how this proposal can be
developed.

2. Remarks on the devices for direct tests.

For the types of motors in widespread use the

direct method of determining the efficiency, or
the correlated losses, still represent today, in
principle, the best way to match test and opera-
ting conditions [1,2,3].
However, the error which is introduced in the
evaluation of these energy characteristics in-
creases in line with the size and efficiency of
the motor under test [7]. This can be showed if
we accept, at present, the hypothesis that the
test is theoretically carried out under conditions
of complete control of all the influencing parame-
ters.

The maximum error in the measurement of the
efficiency can be expressed as the sum of the
errors of the measurement of the torque T, of the
rotation speed N and of the input electrical power

Pynt

(1.1) €q = €)fN = €z + € + Epin .

In eq. (1.1), the error €. is the most critical
element. As a matter of fact, when the power of
the machine being tested increases, the errors in
the measurement of the electrical power and the
rotation speed can be limited, but there are

repeatability and ac-
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increasing difficulties in the torque measurement
because of problems due to the braking device and
the torque transducer itself.

Thus, the relative error £,/n can be regarded as a
growing function of the output power Po.e-

The absolute error in the definition of the
power losses, P., beginning from the direct method
shows more openly the dependence on the variation
of the output power P..«:

(1.2) Exn = [€q/(1*€q)] *Paue

From here we can easily obtain the expression of
the relative error in the evaluation of the power
lossas:
(1.3) erxf'evr./Px. = s,,/[(l-q)-(l-be,,)] .

The above equation confirms f£irst that the rela-
tive error in the definition of the losses in-
creases with the power size of the machine, to
which, as already stated, the increase in the
efficiency is linked. On the other hand, at the
same rated output, the amount of the error in-
creases with the efficiency. This fact makes an
energy comparison of two machines equally rated
very critical.

Actually, a lot of factors play their role on
the total error in the definition of the energy
parameters. These factors are: stability of the
supply and of the environmental conditions; a
reliable and steady braking action; accuracy of
the measurement system. Nevertheless a great im-
portance can be attributed to the braking device
and the relating torque and speed transducers.
The intrinsic limits of accuracy of the direct
method can be improved both by a careful analysis
of the braking device, in order to increase the
levels of stability, sensitivity and accuracy, and
by reducing consumption and the interference level
with the machine being tested under normal wor-
king conditions.

2.1 The braking device.

The braking device is a unit which applies the
braking torque to the shaft of a motor and also

‘ measures this torque by means of a suitable trans-

ducer; it also permits the measurement of the
rotation speed.

Different types of braking devices are curren-
tly used for direct tests; among them, some
ranging in the class of the electromagnetic types
are briefly described here:

-Eddy current (Pasqualini) braking device: it
couples a high level of sensitivity with errors

of ,various sources: of electromagnetic origin
(parasitic torques, due to stray fluxes), of
mechanical origin (due to ventilation losses and
to possible stator-rotor misalignments), of ther-
mal origin (total output power is transformed
into heat in the disk, with consequent risk of
thermal interference with the machine being tes-
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ted). In addition, there is no torque at zero
speed. Because of these factors, this type of
braking device is not well suitable for thermal
tests and can only be used for testing low power
motors, unless more sophisticated solutions are
chosen.

-Hysteresis braking device: this type of braking
device, whose most common commercial version is
the Magtrol, has certain advantages compared to
the eddy current braking device: braking torque
is practically independent of speed and tempera-
ture and there are no errors of electromagnetic
origin. However, the working and cooling condi-
tions of this braking device make it unsuitable
for thermal tests and higher powers.

-Dynamometer braking device: the design and

functional characteristics of this brake are
well-known and represent one of its big assets.
It is the most convenient device for higher po-
wers and thermal tests.
However, there are certain limitations, parti-
cularly during the tests on machines for drives
over a wide range of speeds. Apart from the con-
sumption errors due to the ventilation torque,
the critical element is the commutator-brushes
system, owing to problems regarding the commta-
tion, the spark, the reduced sensitivity caused
by the contact pressure of the brushes, and be-
cause of maintenance. The achievement of high
rotation speeds, still mantaining an acceptable
service, is not possible with the employment of
this type of device.

On the aforementioned basis and taking into
account the demands of modern drives testing, none
of the devices most currently used, not even the
dynamometer, fully satisfies these requirements.
Thus, the use of a permanent magnet synchronous
machine was considered, which offers the following
advantages:
=it has a clearly defined good flux containment

magnetic circuit which prevents the creation of
parasitic torques due to stray fluxes, typical
of eddy current braking devices;

~the stator frame is flexibly coupled tc the bed-
plate by bearings, thus eliminating all the pro-
blems of knife-edge supports, which are common in
eddy current braking devices;

-it has no sliding contacts, because permanent
magnets are used. This eliminates the negative
effects on braking stability, caused by sparking
at the commutator-brushes contact in the dyna-
mometer; it also reduces contact friction,
which is one of the main causes of the reduced
sensitivity of the braking device;

-during the construction of the braking device by
a permanent magnet synchronous machine it is
possible, thanks to the abgence of rotor logses,
to achieve a smoothed containment structure for
the rotor. This reduces power losses due to ven-
tilation to very low levels;

-an appropriate design and mounting of the cooling
system of the synchronous machine cbviates the
use of an internal cooling fan mounted on the
same shaft: in its place, a separate and balanced
cooling system built on the stator frame can
operate. In this way the influence on the torque
of the braking device is reduced, which, in turn,
means that the reaction torque is, with a good
approximation, the torque delivered to the shaft;

~the measurement of the tested motor rotation
speed is drawn from the frequency of the sinusoi-
dal alternating voltage at the armature terminals
of the synchronous machine. In this way the use
of tachometer-type transducers is avoided. As the
latter are a possible cause of unmeasured torque
consumption, and, in any case, lead to complica-
tions in construction, this is an advantage;

-the synchronous machine is suitable for running
over a wide range of speeds by simply varying the
voltage and frequency at the terminals. This
speed range is much wider than the one obtainable
from a dynamometer;

~the regulation of the braking torque is obtained
by acting on the armature circuit only, for exam-
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ple by a controlled thyristor bridge feeding a
resistor, or by a variac.

2.2 The torque transducer.

There are various types of transducers which
measure the shaft torque, all based in practice on
two methods: the measurement of the torsion angle
of a section of the shaft or the measurement of
the reaction torque on the stator of the braking
device.

In the first class the most commonly used device
is a strain gauge transducer; in the other one, it
is a load cell transducer.

The great advantage of the first type is that it
measures directly the torque of the motor shaft:
thus a stable braking action only is required from
the braking system, not taking into account its
torque consumption.

This could make it possible to use a self -venti-
lating braking device. The system presents however
heavy drawbacks in setting-up, that has to be
carefully repeated each time the mechanical cou-
pling of the motor to the braking device is made.
Moreover it requires the transmission of a signal
from a rotating shaft and, in addition, it seems
to be very sensitive to torque disturbances caused
by the above-mentioned coupling. These disturban-
ces are not filtered by the rotor inertia and by
the electromagnetic transmission of the torque at
the air-gap, unlike the other solution considered.

The load cell device, on the other hand, mea-
sures the torque on the stator of the braking
system, thus permitting a unique calibration and
set up during the assembly of the equipment.
However, as we have seen, the consumption has to
be kept to very low levels, comparable with the
sensitivity and accuracy of the transducer itself.
It may also be necessary to measure this con-
sumption. Furtherly, this measurement device can
be affected by an accidental error-due to the
starting friction' of the bearings between the
stator frame and the bedplate, and inside the
transducer itself. Both of these errors are caused
by the fact that the frame cannot move freely with
respect to the bedplate, apart from small move-
ments permitted by the deformation of the torque
transducer, :

It is clear that we should aim at obtaining
maximum levels of performance and precision, ac-
cordingly with the present level of technolegy,
the quality of the instrumentation envisaged and
the levels of cost involved.

3. Characteristics of the prototype.

During the development of the prototype, we
chose a system configuration including a permanent
magnet synchronous machine, a load cell type force
transducer (mounted between the braking device
bedplate and the floating frame), and an amplifier
with a digital indicator. The speed is measured by
a frequency meter connected with the armature
terminals of the synchronous machine.

Since a synchronous machine purposely designed
did not exist, the first prototype of this braking
device was set up using a limited power rating
machine, easily available on the market.

The main characteristics of the test bench are
given in Table 1, together with those of the
electrical instrumentation.

The most outstanding data on the system have

been obtained by means of a series of tests
carried out with two four-pole asynchronous mo~
tors, 1.1 and 2.2 kW rated respectively. The cha-
racteristics of these motors had already been
verified be means of another direct test apparatus
with an appropriate level of accuracy.
Obviously this procedure can be considered as a
preliminary test only, since no investigation was
made of the ranges of speeds and power which this
new device was designed for.

Before analysing the direct tests, a brief
study of the measurement inaccuracies was carried
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out, in order to show the various error contri-
butions, also by means of experimental investiga-
tions.

Table 1 Instrumentation Characteristics

Braking device: Perman. Magnet Synchronous Machine
Va=400 V, Y; I,=2.17 R; A,=1.5 kVA
cos$=0,9; £,=50 Hz; N,=1000 rpm
N.B.: the force transducer loca-
tion permits torque measurement up
to 28 Nm.

Hottinger Baldwin Messtechnik, mod. Ul

nominal load=100 N; lever arm=0.2898 m

sensitivity tolerance<+0.1% rated load

combined error <£0.03% rated load
creep (over 30 min.)<20.03% rated load

Amplifier with digital indicator: HBM, mod.MVD2405

accuracy class 0.1; 3} digits; linearity
deviation ([%]=+0.5 f.8, + 1 digit resp.

Digital Frequency Meter: Hewlett Packard,mod.5233L

precision = 0.1 % reading

Digital Multimeter: Norma, mod.D5135: N°2 (Aron

connection); wattmeter measurement preci-
sion: $0.5% reading % 0.1% f.s. (cos$=0.1)

Y
£
[*%
[2]
[J
(=
—

First of all the level of accuracy of the
torque measurement system only is to be evaluated.
The maximum relative torque error depends _on the
relative errors. of the braking device €., .of
the load cell €., and of the signal amplifier e,
according to the following expression:

(3.1) €x = € + €, + €. .

With regard to €., since the manufacturer provided
no information on it, after some no load tests on
a same motor, it was decided to attribute to the
braking device an error equal to half its torque
consumption. The errors attributed to the load
cell and the signal amplifier were based on the
nominal data in Table 1. As a result:

(3.2) €x [P.u.] = 0.001 + 0.061/T ,

where the torque T is measured in [Nm].

A static calibration check of the torque measure-
ment system was carried out, in order to verify
the actual validity of these evaluations. The zero
adjustment and the gain of the amplifier at the
rated load were checked and a number of cycles
were runned with increasing and decreasing loads,
like shown in the example of fig.l.
In this figqure, the points of measurement are
joined by oriented 1lines indicating the sequence
of loads applied. The ordinates correspond to the
deviations to the exact values of the applied
loads, as a function of these loads, shown on the
abscissa. The band of maximum error in the force
measurement, corresponding to eq. (3.2), is also
shown. There is an evident presence of hysteresis
which can largely be ascribed to the load cell: as
a result, a single calibration curve cannot take
into account the errors of the measurement system.
It could be significant to examine the condi-
tion of a hypothetical measurement system which
can measure the electrical power and the mechani-
cal speed without errors, thus identifying only
the effact of the error in the torque measurement
during the definition of the efficiency and the
losses, in the range of power the braking device
is designed to operate. Bearing in mind the cor-
relation between the rated output power and the
efficiency, typical of a standardized production
saries of three-phase four-pole asynchronous mo-
tors (f£,=50 Hz), we have the curves shown in
fig.2. Here it can be seen that the absolute
error in the definition of the efficiency is about
half a point and, related to this, the relative
error in the evaluation of the losses is around
2%, decreasing as the power increases.
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Fig.l - Cycle of static calibration of the torque
measurement system. The spreads with respect to
the increasing and decreasing loads applied are
given in ordinate. The cycle exhibits a hysteresis
phencmenon which, however, is kept within the band
of maximum calculated error.

1.
137767__1\

N

\\\810‘#

.5
pa

-~;-._________~.~.~.~

2 3
Poutput [kw]

Fig.2 - RAbsolute error in the evaluation of the
efficiency and relative error in the definition of
the losses, calculated on the basis of the maximum
error in the measurement of the torque only, for
the system considered. The errors are given as a
function of the rated output power of four-pole,
‘three-phase, standardized asynchronous motors.

10 1

The choice of a torque measurement device which
has good industrial precision characteristics
clearly permits the total error to be contained
within acceptable 1limits, as long as an appro-
priate instrumentation is used for the electrical
measurements.

The nominal inaccuracies in the measurement
system of the electrical quantities and the rota-
tion speed were then taken into consideration and
the calculations of error in the losses and effi-
clency were repeated. The results, with regard to
the actual efficlency and power factor of the
above mentioned 1.1 and 2.2 kW motors as a
function of the load, are shown in the curves of
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fig.3. The error shown here is the probable one,
evaluated on a statistical basis. This constitutes
a more realistic index compared with the maximum
error (worst case), when the system includes a
gufficiently large number of instruments.
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Fig.3 - Curves of the probable error in the defi-
nition of the efficiency and the losses for the
instrumentation of Tab.l. These curves are cal-
culated on the basis of actual values of efficien-
cy and power factor of the two asynchronous motors
tested. They are plotted as a function of the
output power of the motors.

The curves have been drawn on the assumption that
the total error occurrence probability is equal to
that of the single instrument; with regard to the
latter, its guaranted maximum error is assumed to
be twice the standard deviation of a normal error
distribution, considering the gaussian probabili-
ty-density function.

From the curves of fig.3 can be seen that the
error, high at low loads, tends to decrease as the
output power increases; in particular, at the
rated power of the two motors, the error cal-
culated in the efficiency is around 0.6 points,
while that of the losses is approximately 3% .
Considering the total error, when the curves in
£ig.3 are compared to those of fig.2, the effect
of measurement inaccuracies of other quantities,
besides the torque, is clearly shown. This
suggests that it would be most opportune to employ
instruments of the same accuracy class for the
measurement system.

However, it must be noted that the measurement
precision is also affected by the stability of the
surrounding conditions during the carrying out of
the tests: waveform, average value of the RMS
supply voltages and their dissymmetries, ambient
temperature and braking torque. The effects of
these external factors can vary from motor to
motor and they are very difficult to evaluate when
calculating the errors.

4. Experimental results.

A series of tests was performed using the mea-
surement system described above, with the ob-
jective of defining the efficiency and losses of
two motors 1.1 and 2.2 kW, V,=220V, £.,=50 Hz
rated, delta connection.

The tests were carried out by repeating a number
of measurements at different load points, under
various thermal steady-state conditions, the
latter being controlled by thermocouples installed
over the frame, in appropriate positions.

No-load tests at variable voltages, performed
under rated no-load thermal steady-state opera-
tion, were also carried out, in order to evaluate
the separate losses, according with the procedures
recommended in IEEE Std.112-NEMA Std.MG1 [4,5].

260

‘another instrumentation,

The variations in the supply voltage and the am-
bient temperature were maintained within the tole-
rances allowed in the IEEE Std.112.

Some of the results obtained are given below,
together with comments.

Table 2 exhibits the values of the efficiency and
the losses at different quarters of the rated
load, for the 1.1 kW motor, operating at 4/4 load
steady-state thermal condition, as a function of
the output power.

The shown values are cbtained as the average of
several measurement points, repeated at the va-
rious load quarters, while it is assumed that the
uncertainties are equal to twice the related stan-
dard deviations: it can be noted that these mea-
surement uncertainties are lower than the cor-
responding probable errors that can be evaluated
by the curves of fig.3.

Table 2 Motor 1.1 kW; 4/4 load thermal conditions

Poue [W]]| 340%1 | 54814 | 82214 | 1102#1 § 1373#2
Pioa [W]| 209+4 | 24324 | 320%3 47524 76516
n [%)]62.0£.5]69.3+.6]72.0+.2| 69.9+.2) 64.2%.2

It should be observed that these measurement un-
certainties correspond in practice to accidental
errors; in fact, possible systematic errors (that
remain constant within an appreciable range of the
measurement points) cannot be noticed in the stan-
dard deviation values.

From this point of view, useful hints can be
obtained from a comparison with the values mea-
sured on the same motor, under the same working
conditions but using a measurement system with
higher levels of accuracy. It is not easy to set
up such a comparison since there is no measurement
system which can be considered: sufficlently ac-
curate to act as a sample for the system being
examined here. An acceptable criterion of evalua-
tion would be to compare the performance values
obtained by the two systems considered and then to
look whether the differences between these values
are within the range of the calculated error, i.e.
whether the margins of uncertainty of the two
systems overlap.

The comparison was made on the basis of some
tests which had been previously carried out with
using an eddy current
braking device for the mechanical part; the
results for the most significant load points are
shown in Table 3. The difference in the efficiency
values is always less than half a point and’ this
difference does not always have the same sign. 1In
addition, as displayed from Fig.3, the probable
error calculated for the system using a P.M. syn-
chronous machine as a braking device is noticeably
greater than the size of the above mentioned dif-
ference; finally, the comparison allow us to con-
clude that the results obtained with the two sys-
tems basically agree. Other tests carried out with
a dynamometer of an appropriate accuracy level are
not described here but provided a fair confir-
mation of these results.

Table 3 Efficiencies by different instrumentations

Load[p.u.]) .50 .75 1.00
%) (1) (2) (1) (2) (1) | (2)

Mot. 1.1kW|69.3 69.1 72.0 72.2 €69.9 69.5

Mot. 2.2kW|76.5 76.8 79.3 79.5 79.1 79.3

(1) = system with P.M. synchronous machine

(2) system with an eddy current braking device
During the tests the phase voltages and
currents and the stator resistance values were

also measured, in order to be able to apply the
procedures followed in IEEE Std.112-NEMA Std.MGl.
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Fig. 4 shows the best fitting straight line bet-
ween stray-load losses (evaluated on the basis of
the calculation of the separate losses) and the
square of the torque for the 1.1 kW motor.

10 /!

L
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Fig.4 - Best fitting straight line between eva-
luated stray-load losses and the square of the
torque: the curve, calculated on the basis of 24
measurement points according to the procedures of
IEEE Std.112 - NEMA Std.MG1, refers to a 1.1 kW
motor, operating at rated load steady-state ther-
mal condition. Best fitting correlation coef-
ficient: 0.98.
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This straight line, obtained from 24 measurement
points (at rated load thermal condition), refers

to tests carried out under five different load
conditions, between 1/4 and 5/4 loads. The 6/4
load was not considered, because too close to

maximum torque: therefore it was not only too far
from normal working conditions but also from the
conditions in which the linear relationship bet-~
ween stray-load losses and the square of the tor-
que can be considered valid. The best fitting
correlation coefficiant (0.98) is proof that there
is a good ovarall level of accuracy.

Fig. 5 gives efficiency and losses curves for
the same 1.1 kW motor, obtained by the direct
method using the instrumentation of Tab.1, for 3/4
and 4/4 load thermal conditions. The effect of the
operating temperature on the energy parameters is
clear.
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Fig.5 - Curves of efficiency and losses for the
1.1 kW motor as a function of the load, for tests
carried out at 3/4 and 4/4 load steady-state ther-
mal conditions.
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5. General discussion and design suggestions.

From the point of view of the tests in general,
the employment of a braking device consisting of a
permanent magnet synchronous machine, associated
with a load cell mounted on the stator, has de-
monstrated that the system has considerable advan-
tages. Among these it especially has a high leval
of sensitivity and accuracy; the braking action is
highly stable, load regulation is simple and there
is no thermal interference with the machine being
tested.,

However, it could be noted that a permanent
magnet excitation does not allow the operation
with very low braking loads, just corresponding to
the mechanical losses of the braking device it~
self. In fact, even with the alternator armature
circuit open, the machine being tested must supply
the torque corresponding to the iron losses in the
stator of the alternator; in any case, this torque
is correctly measured by the transducer.

Since it 4is a basic requirement to avoid the
presence of slipping contacts, a possible alterna-
tive would be the use, as a braking device, of a
synchronous machine with a field winding fed by an
auxiliary armature circuit and a rectifier, both
rotating. This solution would produce, however,
further problems: apart from the more complex
construction and regulation in service of the
machine, the presence of powered circuits on the
rotor would imply, in turn, an adequate built-in
self-cooling system and, as a consequence, the
ventilation torque consumption would be considera-
bly increased. The latter can still be measured by
means of a transducer sensitive to the torsion ef-
fect of a section of the shaft, but we have al-
ready referred to the troubles which arise with
this device. On the other hand, this ventilation
torque cannot be measured as a reaction torque on
the stator (at least apart from the drag torque
due to the fluid), because it is not electro-
magnetically transmitted.

To sum up, the device including the permanent
magnet synchronous machine here presented in pro-
totype, even if not yet optimized, looks extremely
interesting because:
~it eliminates the commutator-brush system;

-the speed measurement is obtained by means of a
frequency measurement;

-the unmeasured ventilation losses are limited to
negligible values compared to the power size of
the device;

-a braking device for high speed tests
easily implemented.

From the first experience obtained with this
prototype, using as a braking device a standard
alternator available on the market, some indica-
tions have been obtained for the design of a
larger machine which would be more relevant for
the power and speed range of drives, as from the
previously referred requirements:

-in the design of the stator, a reference frequan-
cy of 100+150 Hz should be employed, taking into
account the increased conditioning in the choice
of the magnetic material;

-in order to limit the amplitude of the harmonic
fields which cause additional losses and possible
disturbances in the braking stability, a winding
using a fractional number of slots per pole and
per phase should be used;

-in the utilization of the active materials, it
must be remembered the absence of built-in self-
ventilation, which reduces the dissipation of the
losses. This can be improved by a circumferential

can be

stator finning, the stator frame possibly pro-
vided with separate and balanced ventilation
cooling;

-it could be convenient to provide the rotor with
an auxiliary winding, normally not powered, to be
utilized when necessary for remagnetizing the
magnet;

-the rotor should be enclosed in a smoothed non-
magnetic cylinder since this action would produce
a large reduction in the ventilation losses. The
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cylinder has to be made of conducting material
(for example, copper) which would act as a screen
against the influence of any harmonic field of
the stator.

6. Conclusions.

After some brief consideration on the characte-
ristics of braking and measuring devices for di-
rect testing of machines for electrical drives
operating over a wide range of speeds, this paper
has dealt with the use, for the same purpose, of a
permanent magnet synchronous machine, combined
with a load cell for the measurement of the re-
action torque.

The theoretical considerations, the error
evaluations and the tests performed up to this
point were carried out over a power range of
between one and some kW: this limitation was not
due to any inherent construction or size cons-
traints but was solely due to the practical need
to use, as a braking device, a machine already
available on the market, which could be easily
adjusted to this specific purpose,

Though the results of the experimental tests
are not exhaustive, nevertheless they show a good
level of repeatability, sensitivity and accuracy,
while a comparison with the values obtained by
means of another measurement system indicate that
the level of precision is adequate.

We found there are a lot of functional and
measurement advantages achievable from just using
as a braking device a permanent magnet synchronous
machine, compared to other devices. These benefits
grow in importance with the increase in the power
considered and the extension of the range of wor-
king speeds. -

In the end, it must be recognized that the
direct method has intrinsic limits in defining
correctly the losses: these limits become evident
as the efficiency and the power of the machines
being tested increases and they cannot be comple-
tely eliminated.
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the field of application of the direct
method can be extended, within an assigned margin
of uncertainty, as long as innovative solutions
are adopted for the components of the measurement
system and on condition the tests be performed
with due care and attention to all the influencing
parameters.

However,

Acknowledgement.

I. Vistoli for
and

The authors wish to thank Prof.
his precious suggestions during the studies

the experimental work and for the fruitful
discussions during the drafting of this paper.
References

{1] Norme CEI 2-6, XII-1976, fasc. 418: Metodi 4di
determinazione, mediante prove, delle perdite
e del rendimento delle macchine rotanti.

CENELEC HD 188: Methods for determining losses
and efficiency of rotating electrical machine-
ry from tests.

(2}

[3] IEC Publication 34-2, Third edition, 1972:
Methods for determining losses and efficiency
of rotating electrical machinery from tests.

{4] ANSI/IEEE Standard 112, 1978: Test Procedure
for Polyphase Induction Motors and Generators.

[S] NEMA standard MG1-1978 Motors and Generators.

[6] Norme CEI 2-3, 1974, fasc. 355: Norme per le
macchine elettriche rotanti.

{7] R.Buccianti, G.Tontini, I.Vistoli: Considera-

zioni sui metodi per la determinazione del
rendimento dei motori asincroni trifasi di
bassa tensione; Memoria N° 151, 85" Riunione
annuale AEI, Riva del Garda, ottobre 1984.



