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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -
Part 30-2: Efficiency classes of variable speed AC motors (IE-code)

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprlising
aJl national electrotechnical committees (IEC National Committees). The object of IEC is_to\ promote
international co-operation on all questions concerning standardization in the electrical and electronic field$. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as [“IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intergsted

the subject dealt with may participate in this preparatory work. International, govérnmental and [nhon-
gpvernmental organizations liaising with the IEC also participate in this preparation./IEC collaborates clpsely
ith the International Organization for Standardization (ISO) in accordance with\conditions determined by
agreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatjonal
cpnsensus of opinion on the relevant subjects since each technical commitiee has representation from all
interested IEC National Committees.

C Publications have the form of recommendations for international<use and are accepted by IEC Natjonal
ommittees in that sense. While all reasonable efforts are made _to ensure that the technical content of IEC
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any
isinterpretation by any end user.

order to promote international uniformity, IEC Nationdl) COmmittees undertake to apply IEC Publications
tlansparently to the maximum extent possible in theif\national and regional publications. Any divergence
between any IEC Publication and the corresponding natignal or regional publication shall be clearly indicated in
the latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confofmity
assessment services and, in some areas, accesS to IEC marks of conformity. IEC is not responsible fof any
services carried out by independent certification bodies.

Il users should ensure that they have thelatest edition of this publication.

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual expertd and
embers of its technical committees-and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the( publication, use of, or reliance upon, this IEC Publication or any other| IEC
ublications.

ttention is drawn to the~Normative references cited in this publication. Use of the referenced publicatiops is
indispensable for the 'correct application of this publication.

ttention is drawn to’the possibility that some of the elements of this IEC Publication may be the subjgct of
pptent rights. IE€\shall not 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

spetification 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 TS 60034-30-2, which is a technical specification, has been prepared by IEC technical
committee 2: Rotating machinery.

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
2/1833/DTS 2/1850A/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 document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A ligt of all parts in the IEC 60034 series, published under the general title Rotating electfical
madhines, can be found on the IEC website.

NOTE A table of cross-references of all IEC TC 2 publications can be found on the IEC TC 2-dashboard ofp the
IEC yebsite.

The|committee has decided that the contents of this document will remajn unchanged until the
staljility date indicated on the IEC website under "http://webstore.iec.ch®in the data related to
the ppecific document. At this date, the document will be
e feconfirmed,

e withdrawn,

e freplaced by a revised edition, or

° rmended.

A bilingual version of this publication may be issued at a later date.



https://iecnorm.com/api/?name=36650212e9857d076d5169d93bb25c66

IEC

TS 60034-30-2:2016 © IEC 2016 -5-

INTRODUCTION

This technical specification provides for the global harmonization of energy-efficiency classes

of v
are

ariable speed electric motors. It deals with all types of AC low-voltage electric motors that
rated for variable speed operation in their constant magnetic-flux speed-range (base

speed-range). An electronic frequency converter provides variable voltage and variable

freq

NOT

uency.

E For the time being, IEC TS 60034-2-3, which is the testing basis of this document, is limited to induction

motors. However, the relevant input-output procedure 3-C is already applicable to all kinds of variable speed AC

motors. Future editions of I[EC TS 60034-2-3 will have an expanded

Thig technical specification regards energy efficiency classification of AC motors,‘\rate

vari
in

scope and include testin rocedures for

hronous machines.

bble voltage and frequency, namely induction motors and synchronous motorsnot covered
EC 60034-30-1. It is harmonized with the future standard IEC 61800v9-2 where

IE-dlassifications of frequency converters (complete drive modulés;= CDM) [and

IES

An
the
spe

It m

classifications of power drive systems (PDS) are defined.

pfficient motor alone does not necessarily result in an efficient RBS. Users should sglect
efficiency class in accordance with a given application depehding on the actual load /
bd operating points and related operating time.

py not be energy efficient to select very high efficiency S1 motors for intermittent or short

timg duty or part load applications. The use of the Extended Product Approach (EPA) as

des
spe

It is

ratings of a given class.

Cribed in the future standard series IEC 61800-9 will help applicative sectors| for
cification of energy efficiency performance of power driven equipment and parts.

not expected that all manufacturers will produce motors for all efficiency classes nor all

IE-codes are not limited to motors, buf may in future be used to classify other compongnts

Cco

megning the highest efficiency.

sugl\ as frequency converters and“ gearboxes. However, it is anticipated that ofther

ponents are rated with a comparable system: IE1 meaning low efficiency up to|IE5
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ROTATING ELECTRICAL MACHINES -

Part 30-2: Efficiency classes of variable speed AC motors (IE-code)

1 Scope

Thi part of |1EC 60034 which is a technical-specification—specifiesefficiency classes for
L T Lg T ™ P4

varipble speed rotating electric machines not covered in IEC 60034-30-1.

The|document only applies to machines that:

e have a rated power Py from 0,12 kW to 1 000 kW;
e have a rated voltage Uy above 50 V up to 1 kV;

e have a rated speed ny from 600 1/min up to 6 000 1/min regardless of the numbgr of
agnetic poles;

re designed for cooling methods IC4A1A0 (IC410), IC4A1AN(IC411), IC4A1A6 (IC4[16),
r IC4A1A8 (IC418) according to IEC 60034-6;

re capable of continuous operation at their rated operating point (torque/power, spe¢ed)
ith a temperature rise within the specified insulation temperature class;

NOTE 1 Most motors covered by this document are rated forduty type S1 (continuous duty). However, gome
motars that are rated for other duty cycles are still capable of*€ontinuous operation at their rated power and these
motdrs are also covered. Motors rated between S3 and S10.with a cycle time of 80 % or more may be included

. re rated for any ambient temperature within the range of — 20 °C to + 60 °C;

NOTE 2 The rated efficiency and efficiency classes are based on 25 °C ambient temperature accordinng to
IEC $0034-2-1 and IEC TS 60034-2-3.

NOTE 3 Motors rated for temperatures outside the range — 20 °C and + 60 °C are considered to be of special
consfruction and are consequently excluded’'from this document.

NOTE 4 Smoke extraction motors with a temperature class of up to and including 400 °C are covered by this
document.

o are rated for an opgrating altitude up to 4 000 m above sea level.

NOTE 5 The rated efficiency and efficiency class are based on a rating for altitudes up to 1 000 m abovqg sea
level

The| classification only covers machines designed for operation with sinusoidal fundamgntal
current thaf-are not designed to be operated direct on-line (grid), for example permanent
magnet (synchronous machines with and without additional reluctance torque, sinusqidal
reluctance synchronous machines and synchronous machmes with DC field windings. This

alS eludeoc itndiuction machinac thaot Arn dacianad Avaliion rfor vyariabhla cnand Aanara o
HRerdaestHhadetHohi-maerhesthratatre ASASESAAC LRASAS) UI\\JIUUIVVI] rTOT—varraoTc—op Tt Co—opCcratol .

Switched reluctance synchronous machines are not covered.

The procedures to determine losses at any speed and load point are given in
IEC TS 60034-2-3. They apply to all converter operated motors.

No distinction is made between motor technologies, supply voltage or motors with increased
insulation even though these motor technologies may not all be capable of reaching the
higher efficiency classes. This makes different motor technologies fully comparable with
respect to their energy efficiency potential.

The efficiency of power-drive systems (i.e. the combined losses of motor and power supply)
and the losses of the driven load are not covered by this document, see IEC 61800-9-2.
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Covered in this document are also:

e Motors with flanges, feet and/or shafts with mechanical dimensions different from
IEC 60072-1.

e Geared motors including those incorporating non-standard shafts and flanges. However,
the testing of efficiency is to be performed on the motor part of a geared motor only.

e Motors specifically built for operation in explosive environments according to IEC 60079-0.
Such motors may not be able to reach the higher efficiency classes (due to safety
requirements and possible design constraints of explosion proof motors such as increased
air-gap, reduced starting current, enhanced sealing).

Exc

NOT
desig
prod

NOT

a) share common components (apart from connectors such as. bolts) with the driven

uded from this document are:

Motors with mechanical commutators;

Motors completely integrated with the driven machine (for example pumps, fans
compressors) that cannot be practically tested separately from the machine even
provision of a temporary end-shield and drive-end bearing. This rmé€ans that mg
ncluded in this document must:

(for example, a shaft or housing), and

D) not be designed in such a way as to enable the motor, fojbe separated from the dr
unit as an entire motor that can operate independently of the driven unit, When
process of separation renders the motor inoperative;. it is excluded from this docum

F 6 Some motors used in horizontal, inclined and verticaltransport of goods and people are specif
ned for this purpose. They are often integrated into a machine and are not brought to the market as indivj
icts. These motors are excluded.

Brake motors when the brake is an integral-part of the inner motor construction and
heither be removed nor supplied by a s€parate power source during the testing of m
pfficiency.

hs long as it is possible to testimotor efficiency without the losses of the brake

SBubmersible motors spécifically designed to operate wholly immersed in a liquid;
Bbmoke extraction motors with a temperature class above 400 °C;

Motors that are\_just soft-started with a frequency-converter and then operated
sinusoidal mains/supply are rated according to IEC 60034-30-1;

Motors thafLare designed for servo applications, i.e. applications where frequent over
br field-wéakening operations or frequent speed or torque changes occur or no the
bteadysstate operation is reached.

and
with
tors

unit

ven
the
bnt.

cally
dual

can
otor

Brake motors with a brake coil that’js integrated into the flange of the motor are covegred

(for

bxample by dismantling the brake, removing the brake or by energizing the brake coil from
a separate power source).

on

oad
mal

hose

E\/</This document covers industrial motors which mostly run continuously at or near rated load, and w

spe

— ) ; £ bl Qo L " : [T ) L loral i Jorarkb
SOt CITangiTgoTteTIT Of raptary SuCiT MTotoTS MU e tITOST WITICIT GTTve COMpPTresSSorsS—arta conmveyoT OTTt

example.

, for

In order to achieve high efficiency at full load, magnetic flux densities within those motors are normally modest,
often resulting in larger sizes and higher inertia rotors compared with standard efficiency machines.

On the other hand, motors for servo-drive applications, such as robot drives, machine tools and pick-and-place
machines which experience frequent and rapid load and speed changes, often have low rotor inertia in order to
achieve the required dynamic performance. Energy consumption in that case is mainly determined by the energy
required for acceleration. Low inertia rotors tend to have higher losses in continuous operation, however.

Motors for servo-drives are therefore not covered by this IE-classification.

Motors are often regarded as servo motors when typically one of the following criteria is met:

Maximum speed criterion: np,, > a,-e "Nt 4 gy with a; = 6 000 1/min; a, = 0,02 1/kW; a, = -0,4;
az =3 200 1/min.
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Angular acceleration capability criterion: acccoefsz"}a">bo-e“’l‘PN+”2+b3; with b, = 18000 1/s% b, = 1,3 1/kW;
by =-1; b3 =5 800 1/s2.

Motors excluded from this document may be evaluated as a power drive system (PDS)
according to IEC 61800-9-2. In this case, the PDS which is composed of the motor and the
frequency converter (CDM) is evaluated as IESO, IES1 or IES2.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
confent constitutes requirements of this document. For dated references, only the edition
citedd applies. For undated references, the latest edition of the referenced document (incluging
anylamendments) applies.

IEC|60034-1, Rotating electrical machines — Part 1: Rating and performance

IEC|TS 60034-2-3, Rotating electrical machines — Part 2-3: SpecificOtest methods| for
detgrmining losses and efficiency of converter-fed AC motors?

IEC|60034-30-1, Rotating electrical machines — Part 30-1: Efficiéncy classes of line operated
AC motors (IE code)

IEC|61800-9-2, Adjustable speed electrical power drive systems — Ecodesign for power drive
systems, motor starters, power electronics and theif,driven applications — Part 2: Engrgy
effidiency indicators for power drive systems and motoy starters?

3 [Terms, definitions and symbols

3.1 Terms and definitions

For |the purposes of this document,~the terms and definitions given in IEC 60034-1 and| the
folldwing apply.

ISOland IEC maintain termiinological databases for use in standardization at the folloying
addfesses:

e |EC Electropedial available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp

3.1.|l

variable speed motor
motpr rated for a speed-range or a specific single speed and supplied by voltage of variable
amplifude and frequency

3.1.2

brake motor

motor equipped with an electro-mechanical brake unit installed directly on the motor shaft
without couplings

1 This document already refers to the future edition of IEC TS 60034-2-3, which will contain procedures for
testing of synchronous machines on frequency converters and for interpolation of losses and efficiency over the
whole torque-speed operating range. A first committee draft (CD) should be available before the publication of
this document.

2 Under preparation. Stage at the time of publication: IEC/RFDIS 61800-9-2:2016.


http://www.iso.org/obp
https://iecnorm.com/api/?name=36650212e9857d076d5169d93bb25c66

IEC TS 60034-30-2:2016 © IEC 2016 -9-

3.1.3

geared motor

motor equipped with an integral gearbox without couplings (i.e. the first gear wheel is fixed to
the motor shaft)

3.1.4
nominal efficiency
efficiency value required to meet a certain efficiency class

Note 1 to entry: Nominal efficiency is calculated from the reference values given in the efficiency tables or the
interpolation formula reduced by the additional harmonic losses (see r,, factor).

3.1*
rated efficiency
effigiency value assigned by the manufacturer to the motor when operating on a“convertgr at

rated speed and rated power

3.1.p
refdrence value
refefence value of efficiency given in Tables 2 to 6 and in 4.10

3.1.7
rated speed
maximum operating speed of the constant magnetic-flux speed-range (base speed-ramge)
designated by the manufacturer

3.1.B
maxXimum speed
maximum operating speed designated by the mianufacturer

3.1.p
rated power
maximum continuous output power atirated speed designated by the manufacturer

3.1.110
rated torque
maximum continuous outputtorque at rated speed designated by the manufacturer

3.1./11

conjstant magnetic-flux speed-range
basp speed-range
spegd-range~between standstill and rated speed in which the motor can be operated with a
magnetic flux’similar to rated operation (base speed-range). In this speed-range, the motor is
capablelof delivering rated output torque

3.1.12

field-weakening speed-range

speed-range above rated speed up to a maximum speed in which the motor is operated with
reduced magnetic-flux (field-weakening speed-range). In this speed-range, the motor is
capable of delivering rated output power

3.1.13

additional harmonic losses

additional harmonic losses are produced in the motor by the non-sinusoidal voltage and
current waveforms generated by the converter and are in addition to the fundamental losses
of iron, rotor-winding, stator-winding and additional-load loss
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3.1.14

fundamental losses

losses of a motor running with rated voltage at fundamental frequency (usually 50 Hz or
60 Hz), without additional losses caused by voltage and current harmonics

3.2 Symbols

accqoeff IS the ratio of the maximum torque over rotor inertia, 1/s2

f is the frequency at any operating point, Hz

IN is the rated frequency, Hz

Iy is the rated current, A

J is the rotor inertia, kgm?

n is the speed at any operating point, min~1

Mma is the maximum speed, min~"

nN is the rated speed, min~!

nggo is 90 % of the rated speed, min~1

M is the nominal efficiency, %

N is the rated efficiency, %

190 is the efficiency determined at 90 % speed and full-load, %

Nref is the reference efficiency according to Tables 206 and 4.10, %

Py is the rated output power, kW

Pgg is the output power at 90 % speed and rated torque, kW

PHL is the additional harmonic loss factor, %

N is the rated torque, Nm

Tma is the maximum torque, Nm

T404 is the full-load torque determined from rated speed and rated power, Nm
Uy is the rated voltage, V

4 |Efficiency classification

4.1| Determination

4.1.4 General

Thig clause de€als with AC motors that are exclusively rated for variable frequency and volfage
opefation.

Motprsvthat fall under both IEC 60034-30-1 and IEC 60034-30-2 standards (that are| AC

motors, which are rated for both on-line (grid) operation and variable speed operation (dual
rated motors), for example most induction-motors or line-start permanent-magnet motors),
shall bear the IE efficiency class according to the procedures laid out in IEC 60034-30-1 only.

The manufacturer shall use a comparable frequency converter for testing of the motor
according to IEC TS 60034-2-3.

4.1.2 Auxiliary devices

Some electric motors covered by this document may be equipped with auxiliary devices such
as shaft seals, external fans, mechanical brakes, back-stops and unidirectional bearings,
speed sensors, tacho-generators in various combinations.
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However, as long as these auxiliary devices are not an integral part of the basic motor design,
the determination of efficiency in all possible combinations is not practical. It is recommended
that tests for efficiency of such modified standard motors are performed on basic motors with
original cooling without auxiliary devices installed.

The power consumption of a separately driven fan is to be included in the efficiency
determination procedure when the external fan is an integral part of the basic motor
construction. When the external fan is just an optional add-on to a mass-produced motor,
which normally carries a shaft-mounted fan, the losses of the basic motor (with the shaft-
mounted fan) can be used to determine efficiency.

All yertical motors may be tested horizontally. Angular-contact bearings (thrust bearings) for
vert|cal mounted motors may be replaced by standard bearings during efficiency testing.

Roller bearings may be replaced by standard bearings during efficiency testing:

For [all motors where contact seals are accessible from the outside without\dismantling off the
motpr (dismantling of the fan-cover and the fan is accepted), external contact seals should be
rempved for efficiency testing.

Elegtro-mechanical brakes shall be removed during testing ,of motor efficiency. When|the
motpr construction prohibits the removal of the brake, the brake-coil shall be energized frgm a
separate power source and the energy consumption of the brake-coil shall be disregarded in
the palculation of motor efficiency.

When the manufacturer offers a motor of the same{design with and without a brake the test of
motpr efficiency may be done on a motor without. the brake. The determined efficiency may
then be used as the rating of both motor and brake motor.

NOTE When removing auxiliary devices for efficieney testing by third party labs the motor or auxiliaries mgy be
permanently damaged.

4.2 | Efficiency rating
The|efficiency 79, of a motor shall be determined from the losses obtained according to |IEC

TS $0034-2-3 at 90 % of rated speed ngy and at rated torque Ty or at full-load torque T{q in
relafion to the output power-at that operating point Pgy:

P90=O,9-PNandn90=O,9-nN

When a rated¢torque T is not provided by the manufacturer, the full-load torque T;qq shall be
detgrmined from the rated speed and rated output power by applying the following formula

A

27 -nN

T —
= TUU

with Py in [W], ny in [1/8], Tqgg in [Nm].
Thermal equilibrium of the motor shall be maintained at the beginning of the tests.

NOTE 1 Rated speed is usually the highest speed in the base speed-range.

NOTE 2 The requirement to test at 90 % of rated speed will ensure that the motor is operated at full magnetic flux
(full voltage) regardless of the voltage drop in the internal electronic switches of the frequency converter. This
procedure is harmonized with the requirements of frequency converter (CDM) testing included in IEC 61800-9-2.

NOTE 3 There is usually a slight drop of the motor efficiency when determined at 90 % rated speed and 90 %
rated power compared to the efficiency determined at rated speed and rated power. This is covered by the
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reduction of the nominal efficiency limits required for the IE classification according to this document when
compared to the nominal efficiency limits given in IEC 60034-30-1.

The determined efficiency 79y shall be greater than or equal to the nominal efficiency 7, of
the designated efficiency class (IE-code).

The nominal efficiency 7, of the IE1 - IE5 classes according to this document shall be
calculated from the respective reference value 7. given in Tables 2 to 6 or determined
according to the interpolation given in 4.10, reduced by an allowance due to additional
harmonic losses and efficiency determination at partial speed (90 %) by applying the following

formula:
1
h = y
1+(1+’1-|L)'(_1j
TTref
The|additional harmonic loss factor r is:
ruL F 0,15 (15 %) for motors with a rated output power up to and ineluding 90 kW,
L F 0,25 (25 %) for motors with a rated output power above 90 kW.
n, Bnd 7. shall be given as numbers in the range\of (0...1). The result shalll be
mathematically rounded to three decimal places or one decimal place when the efficienqgy is
expressed as a percentage value.
NOTE 4 The change of the value of r, at 90 kW reflects the change of the switching frequency of the comparable
convkrter as defined in IEC TS 60034-2-3.
4.3 | Tolerances
Varifations in materials, manufacturing-processes and in testing result in motor-to-mfptor
effigiency variations for a given motor'design; the efficiency for a large population of motofs of
a sipgle design is not a unique value but rather a band of efficiency. Therefore, the efficigncy
ngo [of the population is to be evaluated from the determined efficiencies. The efficiency 5d, of
any[motor shall not be less _than the nominal efficiency 7, minus the tolerance in accordgnce
with| IEC 60034-1.
4.4 | Classification
The| designationy of the energy-efficiency class consists of the letters “IE” (short| for
“International/Energy-efficiency class”), directly followed by a numeral representing |the

clas]

sification ‘according to Table 1.

Table 1 — |IE-efficiency classification

Designation Definition

IE1

by the r,, factor according to the procedure given in 4.2.

Motors with an efficiency equal to or exceeding the reference values given in Table 2 diminished

IE2 Motors with an efficiency equal to or exceeding the reference values given in Table 3 diminished
by the r,, factor according to the procedure given in 4.2.

IE3 Motors with an efficiency equal to or exceeding the reference values given in Table 4 diminished
by the r,, factor according to the procedure given in 4.2.

IE4 Motors with an efficiency equal to or exceeding the reference values given in Table 5 diminished
by the r,, factor according to the procedure given in 4.2.

IE5 Motors with an efficiency equal to or exceeding the reference values given in Table 6 diminished

by the r,, factor according to the procedure given in 4.2.
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NOTE 1 Efficiency classes above IE5 are not planned.

NOTE 2 Table 1 is applicable to motors rated to any fundamental frequency.

To determine reference efficiency values with rated powers not given in Tables 2 to 6 within
the range of 0,12 kW up to 200 kW, the interpolation formula and coefficients of 4.10 of this

document can be applied.
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Nominal limits for efficiency class IE1
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Table 2 — Reference values (%) for the calculation of IE1 nominal efficiency limits

Rated output power
Py [kW] at rated
speed and full-load

Rated speed within
600 to 900 /min

Rated speed within
901 to 1 200 /min

Rated speed within
1201 to 1 800 /min

Rated speed within
1801 to 6 000 /min

torque

0,12 31,0 38,3 50,0 45,0
0,18 38,0 45,5 57,0 52,8
020 397 47 6 58 5 54 6
0,25 43,4 52,1 61,5 58,2
0,37 49,7 59,7 66,0 63,9
0,40 50,9 61,1 66,8 64,9
0,55 56,1 65,8 70,0 69,0
0,75 61,2 70,0 72,1 72,1
1,1 66,5 72,9 75,0 75,0
1,5 70,2 75,2 772 77,2
2,2 74,2 77,7 797 79,7
3 77,0 79,7 81,5 81,5
4 79,2 81,4 83,1 83,1
5,5 81,4 83,1 84,7 84,7
7,5 83,1 84,7 86,0 86,0
11 85,0 86,4 87,6 87,6
15 86,2 87,7 88,7 88,7
18,5 86,9 88,6 89,3 89,3
22 87,4 89,2 89,9 89,9
30 88,3 90,2 90,7 90,7
37 88,8 90,8 91,2 91,2
45 89,2 91,4 91,7 91,7
55 89,7 91,9 92,1 92,1
75 90,3 92,6 92,7 92,7
90 90,7 92,9 93,0 93,0
110 91,1 93,3 93,3 93,3
132 91,5 93,5 93,5 93,5
160 91,9 93,8 93,8 93,8
200 92,5 94,0 94,0 94,0
250 92,5 94,0 94,0 94,0
315 92,5 94,0 94,0 94,0
355 92,5 94,0 94,0 94,0
400 92,5 94,0 94,0 94,0
450 92,5 94,0 94,0 94,0
500 up to 1 000 92,5 94,0 94,0 94,0

NOTE The tabled values are identical to the nominal values given for IE1 classification in IEC 60034-30-1.
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Nominal limits for efficiency class IE2

Table 3 — Reference values (%) for the calculation of IE2 nominal efficiency limits

Rated output power
Py [kW] at rated
speed and full-load

Rated speed within
600 to 900 /min

Rated speed within
901 to 1 200 /min

Rated speed within
1201 to 1 800 /min

Rated speed within
1801 to 6 000 /min

torque

0,12 39,8 50,6 59,1 53,6
0,18 45,9 56,6 64,7 60,4
020 47 4 58 2 659 619
0,25 50,6 61,6 68,5 64,8
0,37 56,1 67,6 72,7 69,6
0,40 57,2 68,8 73,5 70,4
0,55 61,7 73,1 77,1 74,1
0,75 66,2 75,9 79,6 77,4
1,1 70,8 78,1 81,4 79,6
1,5 74,1 79,8 82,8 81,3
2,2 77,6 81,8 8433 83,2
3 80,0 83,3 85,5 84,6
4 81,9 84,6 86,6 85,8
5,5 83,8 86,0 87,7 87,0
7,5 85,3 87,2 88,7 88,1
11 86,9 88,7 89,8 89,4
15 88,0 89,7 90,6 90,3
18,5 88,6 90,4 91,2 90,9
22 89,1 90,9 91,6 91,3
30 89,8 91,7 92,3 92,0
37 90,3 92,2 92,7 92,5
45 90,7 92,7 93,1 92,9
55 91,0 93,1 93,5 93,2
75 91,6 93,7 94,0 93,8
90 91,9 94,0 94,2 94,1
110 92,3 94,3 94,5 94,3
132 92,6 94,6 94,7 94,6
160 93,0 94,8 94,9 94,8
200 ap'to 1 000 93,5 95,0 95,1 95,0

NOTE The tabled values are identical to the nominal values given for IE2 classification in IEC 60034-30-1.



https://iecnorm.com/api/?name=36650212e9857d076d5169d93bb25c66

4.7

- 16 —

Nominal limits for efficiency class IE3

IEC TS 60034-30-2:2016 © IEC 2016

Table 4 — Reference values (%) for the calculation of IE3 nominal efficiency limits

Rated output power
Py [kW] at rated
speed and full-load

Rated speed within
600 to 900 /min

Rated speed within
901 to 1 200 /min

Rated speed within
1201 to 1 800 /min

Rated speed within
1801 to 6 000 /min

torque

0,12 50,7 57,7 64,8 60,8
0,18 58,7 63,9 69,9 65,9
020 60 6 65 4 711 687 2
0,25 64,1 68,6 73,5 69,7,
0,37 69,3 73,5 77,3 73,8
0,40 70,1 74,4 78,0 74,6
0,55 73,0 77,2 80,8 77,8
0,75 75,0 78,9 82,5 80,7
1,1 77,7 81,0 84,1 82,7
1,5 79,7 82,5 853 84,2
2,2 81,9 84,3 86y7 85,9
3 83,5 85,6 87,7 87,1
4 84,8 86,8 88,6 88,1
5,5 86,2 88,0 89,6 89,2
7,5 87,3 89,1 90,4 90,1
11 88,6 90,3 91,4 91,2
15 89,6 91,2 92,1 91,9
18,5 90,1 91,7 92,6 92,4
22 90,6 92,2 93,0 92,7
30 91,3 92,9 93,6 93,3
37 91,8 93,3 93,9 93,7
45 9272 93,7 94,2 94,0
55 92,5 94,1 94,6 94,3
75 93,1 94,6 95,0 94,7
90 93,4 94,9 95,2 95,0
110 93,7 95,1 95,4 95,2
132 94,0 95,4 95,6 95,4
160 94,3 95,6 95,8 95,6
200 ap'to 1 000 94,6 95,8 96,0 95,8

NOTE The tabled values are identical to the nominal values given for IE3 classification in IEC 60034-30-1.
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Nominal limits for efficiency class IE4

Table 5 — Reference values (%) for the calculation of IE4 nominal efficiency limits

Rated output power
Py [kW] at rated
speed and full-load

Rated speed within
600 to 900 /min

Rated speed within
901 to 1 200 /min

Rated speed within
1201 to 1 800 /min

Rated speed within
1801 to 6 000 /min

torque

0,12 62,3 64,9 69,8 66,5
0,18 67,2 70,1 74,7 70,8
020 68 4 714 758 719
0,25 70,8 74,1 77,9 74,3
0,37 74,3 78,0 81,1 784
0,40 74,9 78,7 81,7 78,9
0,55 77,0 80,9 83,9 81,5
0,75 78,4 82,7 85,7 83,5
1,1 80,8 84,5 87,2 85,2
1,5 82,6 85,9 88,2 86,5
2,2 84,5 87,4 895 88,0
3 85,9 88,6 90,4 89,1
4 87,1 89,5 91,1 90,0
5,5 88,3 90,5 91,9 90,9
7,5 89,3 91,3 92,6 91,7
11 90,4 92,3 93,3 92,6
15 91,2 92,9 93,9 93,3
18,5 91,7 93,4 94,2 93,7
22 92,1 93,7 94,5 94,0
30 92,7 94,2 94,9 94,5
37 93,1 94,5 95,2 94,8
45 934 94,8 95,4 95,0
55 93,7 95,1 95,7 95,3
75 94,2 95,4 96,0 95,6
90 94,4 95,6 96,1 95,8
110 94,7 95,8 96,3 96,0
132 94,9 96,0 96,4 96,2
160 95,1 96,2 96,6 96,3
200 95,4 96,3 96,7 96,5
250 95,4 96,5 96,7 96,5
315 up to 1 000 95,4 96,6 96,7 96,5

NOTE The tabled values are identical to the nominal values given for IE4 classification in IEC 60034-30-1.
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Table 6 — Reference values (%) for the calculation of IE5 nominal efficiency limits

Rated output Rated speed Rated speed Rated speed Rated speed
power P [kW] at within 600 to within 901 to within 1 201 to within 1 801 to
rated speed and 900 /min 1200 /min 1 800 /min 6 000 /min
full-load torque

0,12 67,4 69,8 74,3 71,4
0,18 71,9 74,6 78,7 75,2
020 730 757 796 76 2
0,25 75,2 78,1 81,5 78,3
0,37 78,4 81,6 84,3 81,7
0,40 78,9 82,2 84,8 82,3
0,55 80,6 84,2 86,7 84,6
0,75 82,0 85,7 88,2 86,3
1,1 84,0 87,2 89,5 87,8
1,5 85,5 88,4 90,4 88,9
2,2 87,2 89,7 9174 90,2
3 88,4 90,6 92,1 91,1
4 89,4 91,4 92,8 91,8
5,5 90,4 92,2 93,4 92,6
7,5 91,3 92,9 94,0 93,3
11 92,2 93,7 94,6 94,0
15 92,9 94,3 95,1 94,5
18,5 93,3 94,6 95,3 94,9
22 93,6 94,9 95,5 95,1
30 94,1 95,3 95,9 95,5
37 94,4 95,6 96,1 95,8
45 947 95,8 96,3 96,0
55 94,9 96,0 96,5 96,2
75 95,3 96,3 96,7 96,5
90 95,5 96,5 96,9 96,6
110 95,7 96,6 97,0 96,8
132 95,9 96,8 97,1 96,9
160 96,1 96,9 97,2 97,0
200 ap'to 1 000 96,3 97,0 97,4 97,2

4.10 Interpolation of reference values at intermediate powers

To determine reference values for variable speed motors with rated powers not given in
Tables 2, 3, 4, 5 and 6 within the range of 0,12 kW up to 200 kW the following formula shall
be applied:

Nres = A [logyo{Py}]® + B - [log;o{Py}]* + C - [log,o{Px}] + D
Where 4, B, C, D are interpolation coefficients (see Table 7 and Table 8); Py is given in [KW].

NOTE The formula and interpolation coefficients were mathematically derived to create a best fitting curve for the
desired reference values. They do not have a physical meaning.
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