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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 31: Selection of energy-efficient motors including
variable speed applications — Application guide

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s i at|on comprising
all national electrotechnical committees (IEC National Committees). The obje
international co-operation on all questions concerning standardization in the electfi

this end and in addition to other activities, IEC publishes International Standarg i ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a ittee interested
in the subject dealt with may participate in this preparatory work. i 3
governmental organizations liaising with the IEC also participate in fkj . |E aborates closely
with the International Organization for Standardization (ISO) in &ccorda W
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3)

4)

5) Independent certification bodies provide conformity

marks of conformity. IEC is not responsible for any

6)

7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and

the pu ication, use of, or reliance upon, this IEC Publication or any other IEC

8) ormative references cited in this publication. Use of the referenced publications is

9) to the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 60034-31, which is a technical specification, has been prepared by IEC technical
committee 2: Rotating machinery.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
2/1575/DTS 2/1594/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60034 series, published under the general titfe Rotating electrical
machines, can be found on the IEC website.

the stability date indicated on the IEC web site under
related to the specific publication. At this date, the publicati

* reconfirmed,
* withdrawn,
» replaced by a revised edition, or
* amended.
2 N
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INTRODUCTION

The present technical specification gives technical guidelines for the application of energy-
efficient motors in constant-speed and variable speed applications. It does not cover aspects
of a purely commercial nature.

Standards developed by IEC technical committee 2 do not deal with methods of how to obtain
a high efficiency but with tests to verify the guaranteed value. IEC 60034-2-1 is the most
important standard for this purpose.

For approximately 15 years regional agreements were negotiated in many areas of the world
regarding efficiency classes of three-phase, cage-induction motors with putputs up to about

defined and test procedures specified:

IE1 | Standard efficiency

IE2 | High efficiency

IE3 |Premium efficiency

IE4 | Super-premium efficiency

Determination of efficiency for motors _powere onverter will be included in

IEC standard 60034-2-3.

However, for motors rated 1 MW and abov i
has always been one of the most—pqrta

nd
contract and is penal
ratings are of seconda

ally custom made, a high efficiency
sign\gbals. The full-load efficiency of these
fficiency is usually part of the purchase
valyles are not met. Therefore, these higher
igning efficiency classes.

With permission
of this TS are basg
Fixed Frequency{

ical Manufacturers Association (NEMA), some parts
nergy Management Guide For Selection and Use of
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ROTATING ELECTRICAL MACHINES -

Part 31: Selection of energy-efficient motors including
variable speed applications — Application guide

1 Scope

This part of IEC 60034 provides a guideline of technical aspects for the application of energy-
efficient, three-phase, electric motors. It not only applies to motor ma acturers, OEMs
(original equipment manufacturers), end users, regulators and legistat o all other
interested parties.

This technical specification is applicable to all electrical machjres E=C 60034-30.
Most of the information however is also relevant for cage-ing ) achi ith output
powers exceeding 375 kW.

2 Normative references

three-phase, cage ind

3 Terms, deﬁﬁ

is the nominal efficiency, %

N is the rated efficiency, %
N is the rated frequency, Hz
ny is the rated speed, min~!

Py is the rated output power, kW
N, is the rated output torque, Nm

Uy is the rated voltage, V
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4 General

Electrical

components

Mechanical
components

Application

Factory
automation

Energy
recovery

Proper and regular maintenance

N Energy efficiency Energy efficient, Variable speed Most efficient

3 motors gearboxes, bolts, ... drive systems power supply

g

S

= Energy efficient Reducing elect. Low-energy

5 Pov'\[/_er f(ajctqr pumps, fans, transmission mode during |
o CeliEE e eSS COMPressors, ... losses standstill (

N

()
£ Use most economical s
S = components
2
»
. \ Regenerative
Variable gpeed braking
= drive system
3 Soft-start Minimize
'dr:'; with frequency rotating r\ DC-link coupling
_:é control inertia J
o ptimized mass' d—eger_gy Batteries
£ and fl ode curing ultra-cap
N standstill )

fly-wheels etc...

N%

IEC 700/10

for savings of electrical energy
systems

In continuous
improved pQ cy converter, synchronous motor) can help reduce I?°R losses

izations (gearbox, belts, pumps, fans, etc.) may lead to much

The application should also be regarded as well because, in many cases, the main part of the
energy saving can be obtained by managing the application load from the system point of
view. For that purpose, a demand-oriented speed control is often helpful.

Proper maintenance is usually beneficial. Many industrial plants have a high energy
consumption within the low voltage control circuits (typically 24 V power supply). Therefore,
high-efficiency low-voltage power supplies should be used. If possible, the factory should also
be shut down during long standstill periods (weekends, holidays).
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10 000 T

[ | = IE2-Motor
— “ IE3-Motor
| |E2-Motor+converter

.| =IE3-Motor+converter

B |E2-Motor+converter+brake coil

S

@ 1000

2

S

100+
IEC 701/10

Figure 2 gives an over ses>of epergy-efficient motors and typical losses for
the power drive system ihefudi \ ith voltage-source frequency converters with and
without brake co@ \

efficient motors are not very effective and may even
use more energydue 3ir in d inertia and start-up currents. For these applications,
the energy ceas i i e starting phase can be reduced by ramping with a

5 Efficiency

5.1 General

Motor efficiency is a measure of the effectiveness with which electrical energy is converted to
mechanical energy, and is expressed as the ratio of power output to power input:

OutputPower OutputPower
InputPower OutputPower + losses

Efficiency =

Motor efficiencies are usually given for rated load, although approximations for 3/4 load and
1/2 load may also be provided.

The efficiency of a motor is primarily a function of load, rated power, and speed, as indicated
below.
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a) A change in efficiency as a function of load is an inherent characteristic of motors.
Operation of the motor at loads substantially different from rated load may result in a
change in motor efficiency (see Figure 3).

b) Generally, the full-load efficiency of motors increases with physical size and rated output
of motors.

c) For the same power rating, motors with higher speeds generally, but not always, have a
higher efficiency at rated load than motors with lower rated speeds. This does not imply,
however, that all apparatus should be driven by high-speed motors. Where speed-
changing mechanisms, such as pulleys or gears, are required to obtain the necessary
lower speed, the additional power losses could reduce the efficiency of the system to a
value lower than that provided by a direct drive lower speed motor.

A deflnlte relatlonshlp eX|sts between the rated speed (min=1) and the fflClecy of a cage-

While many motogs are
time and for a o , hours per year. Examples of such applications are
valve motors, damvgg sial door openers, fire pumps and sewage pumps. In

these instances, a ¢k i efficiency would not substantially change the total energy

A modest ingrease ) srcentage points in motor efficiency can represent a rather
i icay i grcentage of motor losses. For example, for the same output, an
75 % to 78,9 %, from 85 % to 87,6 %, or from 90 % to 91,8 %

As efficiency typically increases with the size of the motor, high-voltage machines with output
powers exceeding 1 MW usually have an efficiency above 95 %.

NOTE While an electric motor’s output power increases with the square of its diameter the permissible heat
dissipation increases almost linearly. Therefore, a higher efficiency is an inevitable precondition for the design of
larger motors.

5.2 Motor losses

An electric motor converts electrical energy into mechanical energy and in so doing incurs
losses which are generally described as follows:

a) Electrical (stator and rotor) losses (vary with load) — Current flowing through stator and
rotor windings produces losses which are proportional to the current squared times the
winding resistance (I12R). Rotor loss increases with slip.

b) Iron (core) loss (essentially independent of load) — This loss is produced mainly in the
laminated f the stat d, t I d , in th tor. Th ic, fi
aminated core of the stator and, to a lesser degree, in the rotor e ma%&ﬂﬁﬁents
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essential to the production of torque in the motor, causes hysteresis and eddy current
losses.

c¢) Mechanical (friction and windage) losses (essentially independent of load) — Mechanical
losses occur in the bearings, fans, and seals of the motor. These losses are generally
small in IP2X, IP4X and IP5X slow-speed motors, but may be appreciable in large, high-
speed or totally-enclosed IP6X motors.

d) Additional load losses (stray load losses) — The additional fundamental and high
frequency losses in the iron; conductor and circulating current losses in the stator winding;
and harmonic losses in the rotor conductors under load. These losses are assumed to be
proportional to the torque squared.

f the total motor
influence their

Listed below (Table 1) are the motor loss components, with the typical %
losses they represent, and the design and construction factors which
magnitude.

Table 1 — Loss distribution in three-phase, 4-pole, cage-induction i rs

Typical % of losses Factors affecting hestes

4-pole motors

Stator loss 30 to 50 /W] ct&\SMnd material.

Rotor loss 20 to 25 ( Woto\c{)ane and material.

Core loss 20to 2 \/ p d quantity of magnetic material.
5 A\ TPre/aqd avag
Additional-load loss 5t045 < ( Pri&ariMaMcturing and design methods.
Friction and windage 5t0 10 Se idn/design of fan and bearings.
In general, by increasing i i \ekotor, i.e., the type and volume of
conductors and magnetic i3 S ced.

5.3 Additional motor-le an ¢ ated on a frequency converter

Harmonics of v
converter cause add

ge-induction motor supplied from a frequency-
winding losses in the stator and the rotor. The total

For details see IEC60034-17 and IEC 60034-25.

5.4 Motors for higher efficiency classes

It is expected that advanced technologies will enable manufacturers to design motors for
higher efficiencies than IE3 with mechanical dimensions (flanges, shaft heights etc.)
compatible to existing motors of lower efficiency classes (for example EN 50347, NEMA MG1
and other local standards). These motors usually require power electronics (frequency
converters) to operate.

Losses in the rotor are almost eliminated when using synchronous motors without a field
winding.

In Annex A, this technical specification proposes a super-premium efficiency-class |[E4 which
is specifically targeted at such motors (although the efficiency class IE4 as such is not limited

to specific motors). D t
ocuments
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Permanent magnet (PMSM) and reluctance (RSM) synchronous motors are already developed
and to some extent commercially available. PMSM usually have some inherent reluctance
torque and RSM can be PM enforced, thus hybrids are possible.

Depending on the amount of magnet material used, a PMSM can have a higher power factor
than an induction motor thus improving efficiency in the distribution network and in the
frequency converter. These motors however require a frequency converter and a rotor
position sensor (encoder) (unless an encoder-less control algorithm is used in the converter)
for proper operation.

A simpler motor control with block commutated voltage of low switching frequency is also
commonly used in small size and/or high speed motors (“brushless-DC” or “electronically
commutated (EC) motors”). The main disadvantage is the additional losSes due to parasitic
harmonic voltages and currents. The improvement in efficiency over ggynchronous motors is
less when compared to the improvement of PWM (pulse-widtbh\xnoduation) “controlled
permanent magnet or reluctance synchronous motors.

All manufactured prod
manufacturing methods.
of the same design an

This is also truel
h

laminations in the“s

t tolerances in materials, such as steel used for
will lead to variations in magnetic properties and

ultimately affect iroR s anhd therefore motor efficiency. Using a tested 7,5 kW motor as an
example, a 10 %\ S 3 (300 W to 330 W), which is within the tolerance offered
by steel suppfie case total motor losses from 946 W to 976 W and reduce

contribute to diménsgional variations, such as the size of the air gap, which cause variations in
additional-load loss and hence motor efficiency.

In addition, uncertainties can be caused by manufacturing processes and testing procedures.

Thus in forecasting the efficiency of a given motor, one can speak of the rated efficiency as
defined by the manufacturer (which should be equivalent to the average efficiency of a large
population of motors). The rated efficiency should also be above or equal to the required
nominal efficiency of the rated efficiency class (in accordance to IEC 60034-30).

The actual efficiency at rated load of any individual motor, when operating at rated voltage
and frequency, can be lower than the rated efficiency but not less than rated efficiency minus
the tolerance of the efficiency according to IEC 60034-1. This is the level reached when both
raw materials and manufacturing processes are at the least favourable end of their specified
tolerances.
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The rated efficiency should be used in estimating the power required to supply a number of
motors. The minimum efficiency (rated minus tolerance) permits the motor user the assurance
of having received the specified level of performance.

5.6 Part load efficiency

Three-phase cage-induction motors offer fairly constant efficiencies over a wide range of
partial loads as indicated by Figure 3.

100

=150 kW

- = 15 KkW
| [ === 11w
95 AN -

Efficiency (%)

80- \

0 0,25 0,5 0,75 1,0 1,25

PIPN
IEC 702/10

Figure 3 — Typical efficiency versus load curve bands for three-phase,
cage-induction motors of different output power ranges
(approximately 1,1 kW, 15 kW and 150 kW)

The efficiency bands given in this figure are typical for 2- and 4-pole motors alike. Motors with
a higher number of poles will have a different characteristic.
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When the efficiency for rated load and 3/4 load is given, the following formula may be used to
compute a good approximation of the efficiency at any other partial load:

(100 _1J_0’75_{100 _1J
_ \"oo UE

" 04375
( 100 j
Vo=|—— 1|— VL
oo
100
77p =

v
1+ 0 4y - p
p

where:

Moo is the efficiency at rated load, in %;
75 is the efficiency at 3/4 load, in %;
VL, Vo are the intermediate results;

p is the desired power (relative to rated load, i.e. fron

Mo is the resulting efficiency, in %.

rated load.
5.7 Efficiency testing methods

There are a number of te %ining motor efficiency. Standard methods for
testing induction machine ionally defified in IEC 60034-2-1, which recognizes

i A ciency,each of which has certain advantages as to
accuracy, cost, and € nding primarily on motor rating. Some of the
methods in IEC4--1 aré ith national standards such as CSA C390 and
IEEE 112 Part B.

The common practice for obtaining the raw data for 0,75 kW to 370 kW is to test the motor
with a load machine and a torque meter and to carefully measure the power input and output
for several load points to determine loss components and thus efficiency.

Even with the use of a consistent and accurate efficiency test method, variations in results for
the same motor do occur, primarily due to test equipment and instrument characteristics, and
in the case of non-automated testing, personnel factors.
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5.8 Power factor (see Figure 4)
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IEC 703/10

ical power factor versus load curve bands for three-phase,
erinduction motors of different output power ranges
(approximately 1,1 kW, 15 kW and 150 kW)

The power factor bands given in this figure are typical for 2- and 4-pole motors alike. Motors
with a higher number of poles will have a different characteristic.

The total motor load in a facility is usually a major factor in determining the system power
factor. Low system power factor results in increased losses in the distribution system.
Induction motors inherently cause a lagging system power factor.

The power factor of an induction motor decreases as the load decreases.

Rated-load power factor increases with an increase in the power rating of the motor. A
number of induction motors, all operating at light load, can cause the electrical system to
have a low power factor. The power factor of induction motors at rated load is lower for low-
speed motors than for high-speed motors.
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A small increase in voltage (less than 10 %) above rated voltage will decrease the power
factor, and conversely a small decrease in voltage (less than 10 %) below rated voltage will
improve the power factor of an induction motor. However, other performance characteristics
may be adversely affected by such a change in voltage and operation as close as possible to
the rating-plate voltage and power rating is recommended.

An analysis of the electrical system will indicate whether an improvement in the power factor
is needed and whether capacitors, synchronous motors, or other corrective measures should
be used.

When power-factor correction capacitors are used to improve power factor of the electrical
system they should be carefully selected and applied to avoid unsafe operating conditions. It
is recommended that the system designer be consulted for the proper, e of corrective
capacitance.

5.9 Matching motors and variable frequency converters

torque is more @
continuously adj
minimize the and efficiency benefits are smaller compared to the first
group of app{ica S he change of input power is linear with the speed.

wear of the machinery involved. There are other technical solutions for soft-starting available
which require less cost. However, compared to soft starting with a variable speed drive, these
methods do not save energy.

In some applications, motors are oversized and continuously run at part-load (for example
50 % or below). Even though a variable frequency converter can improve energy efficiency by
reducing the input voltage to the motor, a better sizing of the motor for the necessary load
would be more cost effective and save even more energy.

Unless additional sinusoidal filters are used, motors operated in a variable speed drive will be
subject to voltage spikes significantly higher compared to grid operation. Today, most new
industrial electric motors for supply voltages up to 500 V have an insulation system that can
handle these voltages without problems. For higher supply voltages, motors according to
IEC 60034-25 should be considered.

When retrofitting older motors in existing applications with variable frequency converters, the
manufacturer should be contacted. Also it is important to determine the maboeuments
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operating speed of the motor in case the grid frequency (50 Hz or 60 Hz) shall be exceeded
significantly with a VSD. Such information is normally available in catalogues or the product
documentation (manuals) (see also IEC 60034-1 and 60034-17).

The variable speed drive has to be selected and configured based on a clear knowledge of

the typical operating conditions:

— torques and speeds required by the driven machine;

— any motor power derating due to the air-cooling method (self-ventilated or forced
ventilation).

It is important to match the performance of a variable speed drive closely with the required
load profile and the electric properties of the motor in order to achieve the/ i

5.10 Motors rated for 50 Hz and 60 Hz

As the utilization and size of motors are actually related to fto 3 an pdwer the
theoretical output power increases linearly with speed, i.e. by \ X 0 Hz.

I’R winding-losses are dominant especially in small a duction motors.
These losses basically remain constant at both 50 Hz7and 6 s long a¥ the torque is kept
constant. Although windage, friction and iron losses iy gquency, these losses
typically play a minor role in motors with four o ore, at 60 Hz, the total
losses actually increase less than the gompared to 50 Hz. Hence

Table 2 - Exempla ich 2 n ofsa motor when operated at 50 Hz
and 60 Hz wiiT{t av50 Hz motor rating as the basis
N 60 Hz

Torque \) Q 105\% 100 %
Speed < 0%\, 120 %

Output power< \ \4@ "// 120 %
Losses
in % of OM\
AN\ N\ | 20% 20 %
Frwn wh»q%s/ 4% 4% (1,2)"5 =525 %

Iron \) 4% 4% (1,2)"5 =525 %

Total losses 28 % 30,5 %
Input power 100 + 28 =128 % 120 + 30,5 = 150,5 %
Efficiency 100/128 = 78,1 % 120/150,5 = 79,7 %

In practice, both 60 Hz and 50 Hz output power designations conform to the standard power
levels according to IEC 60072. Therefore, an increased rating of motor power by 20 % is not
always possible. However, the general advantage of 60 Hz motors still applies if the motor
design is optimized for the respective supply frequency rather than just rerating the motor.

The difference in motor efficiency between 50 Hz and 60 Hz also varies with the number of
poles and the physical size of the motor. In general, the 60 Hz efficiency of three-phase,
cage-induction motors in the output power range from 0,75 kW up to 370 kW is about 2,5 to
0,5 points, respectively, greater when compared to the 50 Hz efficiency. Only large 2-pole
motors may have a slightly lower efficiency at 60 Hz due to their greater share of windage and

friction losses. Documents
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When a motor is rated for operation at either 50 Hz or 60 Hz with nearly the same magnetic
flux and nearly the same torque (i.e. 20 % more output power at 60 Hz, for example 400 V /
50 Hz / 3,0 kW and 460 V / 60 Hz / 3,7 kW), the efficiency at 60 Hz is generally greater than
at 50 Hz (see Figure 5).

60 Hz efficiency

70 75 80 85 90 95 100
0,0_|||| TrrIra L B . | B T
-0,5
.. —10T -
£ L
N 15T
I =
o 3
Lf) =
-2,0 1 \>
254
IEC 704/10
Figure 5 — Typical reduction of ene s in %-points for 4-pole, low-voltage
motors between 50 Hz and 66 s at the same torque
Alternately, when a motoKis ra er 50 Hz or 60 Hz with nearly the same
magnetic flux and thepsame ; i.e. % reduced torque at 60 Hz, for example

400V /50 Hz / 5,5k

because the util@

KW), the efficiency at 60 Hz is always higher
b (see Figure 6).

60 Hz efficiency
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Figure 6 — Typical reduction of energy efficiency in %-points for 4-pole, low-voltage
motors between 50 Hz and 60 Hz when compared at the same output power
(60 Hz torque 20 % reduced)

For these reasons the limit curves in IEC 60034-30 for the different efficiency classes (IE1,
IE2, IE3) are generally higher for 60 Hz motors than for 50 Hz motors.
) are generally hig Documents
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5.11 Motors rated for different voltages or a voltage range

A change in efficiency as a function of voltage is an inherent characteristic of motors.
Operation of the motor at voltages substantially different from rated voltage will result in a
change in motor efficiency and heating.

Typically the efficiency of small motors suffers more from voltage deviation than that of larger
motors.

5.12 Motors rated for operation at frequencies other than 50/60 Hz

Motors rated for operation at frequencies other than grid frequency (50 Hz or 60 Hz) are not
classified according to efficiency classes in IEC 60034-30.

The efficiency class |IE4 as defined in Annex A of this document is
applicable to such motors.

sncy class

5.13 Variable frequency converter efficiency

Frequency converters generally have a high level of energ ith motors, their

efficiency drops at partial load (see Figure 7).

100
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VSD efficiency
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75 % speed, 56 % torque (42 % load)

50 % speed, 25 % torque (13 % load)

84 - ~ THIY NN . 1
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80 | | | 1
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Figure 7 — Typical efficiency of indirect three-phase voltage source type converters
with a passive front-end for typical load points of pumps, fans and compressors
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uncontrolled three-ph
from 1 kW to 100 kW:

Qp/i?zl % of losses
or passive Factors affecting these losses
front-end
converters
Swifching\osse 30 to 50 Motor-current and
(outptt.stag switching-frequency.

Line-rectifieNosses 20 to 25 Line-current
(nearly proportional to motor power).

Forward losses 15 to 20 Motor current.
(output stage)

Internal control circuit losses 5to 20 Nearly constant.
(microcontroller, internal power
supply, display, keyboard, bus-
communication, digital and
analogue ins/outs...)

Switching losses - Line-current and

(line-side converter / switching-frequency

active front-end only) (nearly proportional to motor power).
Compound losses - Line-current

(line-side converter / (nearly proportional to motor power).

active front-end only)

A decrease in converter efficiency may lead to a reduced output voltage to the motor. This
may prevent the motor from reaching top speed and/or require field weakeninboperation
which will reduce motor efficiency. ocuments
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5.14 Frequency converter power factor

The power factor of DC-link converters is only dependent on the design of the converter input
rectifier. Motor design or motor loading does not influence converter power factor.

Due to the harmonic content of the input current of frequency converters, the total power
factor A has to be analysed:

|ActivePower P
ApparentPower S

PowerFactor A =

The power factor can be adjusted nearly to unity by using a converter wi ctive line-side

converter (active front-end).

an

The following typical examples can be given for the most common f 5
voltage motors (indirect converter of the voltage source type wijtf ighe’or three
phase diode rectifier as line side converter):

— 1-phase converter: = 0,5 kW)
— 3-phase converter: = 2 kW)
— 3-phase converter with line-choke: for Py = 2 kW)

— 3-phase converter with lean D 0,94 (for Py = 1...10 kW)

As frequency converters improve the pewen\factor \on the
efficient to install the converter as closg to the

pe side only it is most energy
otor as’suitable (decentralized installation).

6 Environment

6.1  Starting performa

Energy efficient
core length and/or g

motors typically have” a higher locked-rotor current compared to aluminium rotor motors. It
must be ensured that the control protective device is properly sized and set-up. See also
IEC 60034-12.

Typically, the average pull-up torque (see IEC 60034-12) of energy efficient motors is also
increased by about 10 % to 20 % per efficiency class for motors of the same rated output
power.

Copper rotor motors typically have a lower pull-up torque compared to aluminium rotor
motors.

The manufacturer has to ensure by appropriate design measures to meet the starting
performance characteristics as defined in IEC 60034-12 (typically design-N).
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6.2 Operating speed and slip

In general, motors with higher efficiency have a higher operating speed, i.e. a reduced slip
compared to motors of lower efficiency. On average, the slip is reduced by some 20 % to
30 % per next higher efficiency class for motors of the same rated output power.

Copper rotor motors typically have a smaller slip and a higher operating speed compared to
aluminium rotor motors.

6.3 Effects of power quality and variation in voltage and frequency

Operation outside of the rated conditions of voltage and frequency may decrease both
efficiency and power factor and may adversely affect other performance <characteristics. The
same condition is true when operating the motor on other than a sineyave of\voltage. The

Power P

Current /
Speed n
cos ¢
Efficiency 7

N

I I |
105 110 115 %

Voltage U ———
IEC 708/10

Figure 9 — Typical variations of current, speed, power factor and efficiency
with voltage for constant output power

For permissible voltage and frequency variations during operation see IEC 60034-1.

6.4 Effects of voltage unbalance

A balanced voltage of the three-phase power supply to the motor is essential to the efficient
operation of the system. For example, a voltage unbalance of 3,5 % can increase motor
losses by approximately 20 %. For this reason, single-phase loads taken from a three-phase
power supply should be carefully allocated so that the voltage unbalance at the motor
terminals will be kept as low as possible.

For details see IEC 60034-26. Documents
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6.5 Effects of ambient temperature

The motor rated efficiency is always given for a standard reference ambient temperature of
25 °C (see IEC 60034-2-1). Operation under cooler ambient temperatures will increase
efficiency while operation under hotter ambient temperatures will reduce efficiency.

7 Applications

7.1 General

The mechanical output power of standard motors per frame size is not internationally
standardized. However regional standards do exist (for example EN 50347Z-and NEMA MG1)
which are widely recognized. It is therefore advantageous for the retfofitting of standard
electric motors in existing applications to have energy efficient motogs with~the 'same frame
sizes and output powers that won’t require major refurbishments of d i

epergy. Again there are
e_of the otherwise wasted

In many applications, the\large i can be created by varying the speed of the
motor according th and. This is typically done by using a variable
speed drive (VS

energy supplied~and the desired sink energy.

These losses can be significantly reduced by controlling the flow rate or pressure by adjusting
the speed of the pump or fan with a variable speed drive.

7.3 Correct sizing of the motor

Energy efficient motors are specifically useful in applications with a high number of operating
hours at greater than % of full load.

In order to avoid significant operating hours with loads below 50 % resulting in a lower
efficiency the system should be sized according to the required peak-load and starting-torque.

Due to the low temperature utilization of more efficient motors their overload capacity is
typically higher when compared to standard motors. Therefore, over sizing the motor for
occasional peak-power demands is seldom required and certainly not cost effective.
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When a replacement of a standard motor with a high efficiency motor is envisaged in existing
applications, the correct power-demand and sizing of the motor should be evaluated.

7.4 Continuous duty application

The achievable energy savings from one energy efficiency class to the next higher class
result from about 15 % to 20 % reduction in losses (see Figure 10). The payback time of extra
investment costs related to high or premium efficiency motors can easily be calculated taking
the overall motor efficiency and energy cost into account.

The following diagram illustrates the energy savings in % of the consumed electrical energy of
the motor in relation to the rated motor output power when upgrading from a lower IE class to
a higher one.
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Figure 10 — Potential energy savings by improvement of efficiency classes for motors
running at rated load

7.5 Applications involving extended periods of light load operations

A number of methods have been proposed to reduce the voltage applied to the motor in
response to the applied load, the purpose of this being to reduce the magnetizing losses
during periods when the full torque capability of the motor is not required. Typical of these
devices is the power factor controller. The power factor controller is a device that adjusts the
voltage applied to the motor to approximate a preset power factor.

These power factor controllers may, for example, be beneficial for use with motors rated less

than 3 kW operating for extended periods of light loads where the magnetization |

relatively high percentage of the total loss. Care must be exercised in the avr:iﬁatmhments
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