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European foreword 

The text of document 22G/349/FDIS, future edition 1 of IEC 61800-9-2, prepared by SC 22G 
"Adjustable speed electric drive systems incorporating semiconductor power converters", of IEC/TC 22 
"Power electronic systems and equipment" was submitted to the IEC-CENELEC parallel vote and 
approved by CENELEC as EN 61800-9-2:2017. 

The following dates are fixed: 

• latest date by which the document has to be implemented at 
national level by publication of an identical national 
standard or by endorsement 

(dop) 2018-01-07 

• latest date by which the national standards conflicting with 
the document have to be withdrawn 

(dow) 2020-04-07 

 

This document supersedes EN 50598-2:2014. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights. 

This document has been prepared under a mandate given to CENELEC by the European Commission 
and the European Free Trade Association, and supports essential requirements of EU Directive(s). 

For the relationship with EU Directive(s) see informative Annex ZZ, which is an integral part of this 
document. 

Endorsement notice 

The text of the International Standard IEC 61800-9-2:2017 was approved by CENELEC as a 
European Standard without any modification. 

In the official version, for Bibliography, the following notes have to be added for the standards indicated: 

IEC 60034 NOTE Harmonized in EN 60034 series. 

IEC/TS 60034-25 NOTE Harmonized as CLC/TS 60034-25. 

IEC 60034-30 NOTE Harmonized in EN 60034-30 series. 

IEC/TS 60034-31 NOTE Harmonized as CLC/TS 60034-31. 

IEC 60146-1-1 NOTE Harmonized as EN 60146-1-1. 

IEC 60947-4-2 NOTE Harmonized as EN 60947-4-2. 

IEC 61000-3-12 NOTE Harmonized as EN 61000-3-12. 

IEC 61800-2 NOTE Harmonized as EN 61800-2. 
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IEC 61800-3 NOTE Harmonized as EN 61800-3. 

IEC 61800-5-1 NOTE Harmonized as EN 61800-5-1. 

IEC 61800-9 NOTE Harmonized in EN 61800-9 series. 

IEC 61800-9-1 NOTE Harmonized as EN 61800-9-1. 
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Annex ZA 
(normative) 

 
Normative references to international publications 

with their corresponding European publications 

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), 
the relevant EN/HD applies. 

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this Annex Is 
available here: www.cenelec.eu. 

 

Publication Year Title EN/HD Year 

IEC 60038 (mod) 2009  IEC standard voltages EN 60038 2011  

IEC 60050-161 -   International Electrotechnical 
Vocabulary (IEV) - Chapter 161: 
Electromagnetic compatibility 

- -   

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

EN 60034-1 2010 

IEC 60034-2-1 2014  Rotating electrical machines - Part 2-1: 
Standard methods for determining 
losses and efficiency from tests 
(excluding machines for traction 
vehicles) 

EN 60034-2-1 2014  

IEC/TS 60034-2-3 -   Rotating electrical machines - Part 2-3: 
Specific test methods for determining 
losses and efficiency of converter-fed 
AC induction motors 

- -   

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

EN 60034-30-1 2014 

IEC 60947-4-1 -   Low-voltage switchgear and 
controlgear - Part 4-1: Contactors and 
motor-starters - Electromechanical 
contactors and motor-starters 

EN 60947-4-1 2010 

  + A1 2012 

IEC/TS 61800-8 -   Adjustable speed electrical power drive 
systems - Part 8: Specification of 
voltage on the power interface 

- -   

IEC/TS 62578 -   Power electronics systems and 
equipment - Operation conditions and 
characteristics of active infeed converter 
(AIC) applications including design 
recommendations for their emission 
values below 150 kHz 

- -   
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Annex ZZ 
(informative) 

 
Relationship between this European Standard and the ecodesign requirements 

of Commission Regulation (EC) No 640/2009 of 22 July 2009 implementing 
Directive 2005/32/EC of the European Parliament and of the Council with regard 

to ecodesign requirements for electric motors aimed to be covered 

This standard has been prepared following the Commission’s standardization request mandate to 
CEN, CENELEC and ETSI for Standardisation in the field of electrical motors with variable speed 
control and/or Power Drive System products, M/476 EN, to provide one voluntary means of 
conforming to ecodesign requirements of Commission Regulation (EC) No 640/2009 of 22 July 2009 
implementing Directive 2005/32/EC of the European Parliament and of the Council with regard to 
ecodesign requirements for electric motors. 

Once this standard is cited in the Official Journal of the European Union under that Regulation, 
compliance with the normative clauses of this standard given in Table ZZ.1 confers, within the limits of 
the scope of this standard, a presumption of conformity with the corresponding ecodesign 
requirements of that Regulation, and associated EFTA regulations. 

Table ZZ.1 – Correspondence between this European Standard and Commission  
Regulation (EC) No 640/2009 of 22 July 2009, Articles 2.2, 3.2 and 3.3 and Annex I,  
implementing Directive 2005/32/EC of the European Parliament and of the Council  

with regard to ecodesign requirements for electric motors and  
Mandate to CEN, CENELEC and ETSI for Standardisation in the field of variable speed drives 
and/or Power Drive System products M/476, relating to Directive 2009/125/EC establishing a 

framework for the setting of ecodesign requirements for energy-related products (recast) 

Ecodesign requirements of 
Regulation (EC) No 640/2009 

Clause(s) / sub-clause(s) 
of this EN 61800-9-2 

Remarks / Notes 

Article 2.2:  
Definition of variable speed control 

Clause 3 sets the international 
confirmed definitions to 
comprehensively understand the 
correct terms needed to purchase 
and to apply the VSD technology 
and auxiliaries, as VSD is not the 
standardized term.  

The comprehensive definitions are 
necessary to clarify possible 
misunderstandings and to set the 
link for fulfilling this regulation with 
necessary equipment in terms of: 
VSD, ASD, VFD, BDM, CDM, PDS. 

Article 3.2:  
From 1. January 2015: motors with 
a rated output of 7,5-375 kW shall 
not be less efficient than the IE3 
efficiency level, as defined in 
Annex I, point 1, or meet the IE2 
efficiency level, as defined in 
Annex I, point 1, and be equipped 
with a variable speed drive. 
Article 3.3:  
From 1 January 2017: motors with 
a rated output of 0,75-375 kW shall 
not be less efficient than the IE3 
efficiency level, as defined in 
Annex I, point 1, or meet the IE2 
efficiency level, as defined in 
Annex I, point 1, and be equipped 
with a variable speed drive. 

Subclauses 4.1 and 4.2 set the 
definitions for the concept of 
reference losses and for the 
optional relevant “torque versus 
speed operating points (including 
part load conditions)”. 
Subclause 4.3 sets the workflow 
requirements to analyse the 
variable speed drive in combination 
with driven equipment. 
Subclauses 4.4 - 4.8 set the IE and 
the IES classification system for 
converters and variable speed 
drives. 
Clause 7 sets the requirements for 
losses determination and type 
testing to verify the efficiency 
classes. 

The option to use an IE2 motor in a 
variable speed application instead 
of an IE3 motor depends mainly on 
the torque versus speed 
characteristic of the driven 
equipment and how it is applied. In 
order to do the right optional 
decision for maximum energy 
savings, EN 61800-9-2 gives the 
fundamental requirements, the 
workflows and the classification 
system for variable speed drives to 
do the fundamental assessment in 
the power range of 0,12 kW up to 
1000 kW.  

Full document details: BS EN 61800-9-2:2017
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Ecodesign requirements of 
Regulation (EC) No 640/2009 

Clause(s) / sub-clause(s) 
of this EN 61800-9-2 

Remarks / Notes 

Annex I, point 2: 
Information on the mandatory 
requirement to equip motors, which 
do not meet the IE3 efficiency level 
with a variable speed drive, shall be 
visibly displayed on the rating plate, 
technical documentation of the 
motor. 

Clause 8 sets the requirements for 
the documentation that shall be 
provided by the manufacturers of 
the electronic frequency converters 
and the variable speed drives.  
 

All energy efficiency related 
equipment labels (IE as well as IES 
classes) are addressed, in order to 
ensure a classification of the CDM, 
PDS.   
Also the provisions of sufficient 
information are fixed, to recognize 
this classification for the final 
application and/or system, where 
the converters or variable speed 
drives are used as components. 

Annex I, point 2: 
Manufacturers shall provide 
information in the technical 
documentation on any specific 
precautions that must be taken 
when motors are assembled, 
installed, maintained or used with 
variable speed drives, including 
information on how to minimize 
electrical and magnetic fields from 
variable speed drives. 

Subclause 8.4 sets requirements 
for the determination of additional 
energy losses and part load 
conditions depending on the 
BDM/CDM/PDS architecture and 
the possible use of options for 
compliance to other performance or 
environmental requirements. 
Clause 2 sets the relevant 
information on how to minimize 
electrical and magnetic fields from 
variable speed drives and the 
specific information by requesting 
reference to EN 61800-3 
“Electromagnetic compatibility 
requirements and specific test 
methods”. 
Subclauses B.3.1 and B.3.2 are 
describing the use of high 
frequency electromagnetic 
interference filters and low 
frequency line harmonics filters to 
minimize electrical and magnetic 
fields from variable speed drive 
systems. 

Electromagnetic compatibility 
(EMC) requirements are specific 
items for variable speed drives and 
are handled in the dedicated 
product standard EN 61800-3. 
Following those requirements leads 
to a fully compliant operation of 
variable speed drives since 
decades. 
 

 

WARNING 1: Presumption of conformity stays valid only as long as a reference to this European 
Standard is maintained in the list published in the Official Journal of the European Union. Users of this 
standard should consult frequently the latest list published in the Official Journal of the European 
Union. 

WARNING 2: Other Union legislation may be applicable to the motor systems falling within the scope 
of this standard. 

Full document details: BS EN 61800-9-2:2017
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS –  

 
Part 9-2: Ecodesign for power drive systems,  

motor starters, power electronics and their driven applications –  
Energy efficiency indicators for power drive systems and motor starters 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all 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 fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members 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 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61800-9-2 has been prepared by subcommittee 22G: Adjustable 
speed electric drive systems incorporating semiconductor power converters, of IEC technical 
committee 22: Power electronic systems and equipment. 

The text of this document is based on the following documents: 

FDIS Report on voting 

22G/349/FDIS 22G/352/RVD 

 
Full information on the voting for the approval of this document 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. 
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A list of all parts in the IEC 61800 series, published under the general title Adjustable speed 
electrical power drive systems, can be found on the IEC website. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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INTRODUCTION 

This part of IEC 61800 has been developed to allow evaluation of power losses of CDMs 
(complete drive modules) and PDSs (power drive systems). 

The requirements for measuring energy efficiency of motors with non-sinusoidal supply are 
under the responsibility of IEC/TC 2 and will be published under the IEC 60034 series. 

IEC SC 22G includes the standardization task force for dealing with this topic. It has close 
collaboration with several other technical committees (for example, IEC TC 2, IEC SC 121A). 

IEC SC 22G maintains responsibility for all relevant aspects in the field of energy efficiency 
and ecodesign requirements for power electronics, switchgear, control gear and power drive 
systems and their industrial applications.  

The core requirements of energy efficiency standardization are illustrated in Figure 1. The 
work has been agreed to provide the reasonable target as a best compromise. 

 

Figure 1 − Illustration of core requirements 
of energy efficiency standardization 

IEC 61800 (all parts) does not deal with mechanical engineering components. 

NOTE Geared motors (motors with directly adapted gearboxes) are treated like power drive systems (converter 
plus motor). See IEC 60034-30-1 for classification of the losses of a geared motor. The efficiency classes of 
gearboxes as individual components are under consideration. 

IEC 61800-9-2 is a subpart of the IEC 61800 series, which has the following structure: 

– Part 1: General requirements – Rating specifications for low voltage adjustable speed DC 
power drive systems  

– Part 2: General requirements – Rating specifications for low voltage adjustable speed AC 
power drive systems  

– Part 3: EMC requirements and specific test methods 
– Part 4: General requirements – Rating specifications for AC power drive systems above 

1 000 V AC and not exceeding 35 kV 
– Part 5: Safety requirements 

IEC 

Market surveillable 
(independent 
certifiable) 

Technically 
comprehensive 

Reasonable target 

Manufacturer neutral 
(no marketing messages) 
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– Part 6: Guide for determination of types of load duty and corresponding current ratings 
– Part 7: Generic interface and use of profiles for power drive systems 

– Part 8: Specification of voltage on the power interface  
– Part 9: Ecodesign for power drive systems, motor starters, power electronics and their 

driven applications 

Each part is further subdivided into several subparts, published either as International 
Standards or as Technical Specifications or Technical Reports, some of which have already 
been published. Other will be published with the part number followed by a dash and a 
second number identifying the subdivision (example: IEC 61800-9-2). 

It considers basic requirements from the EN 50598-2 CENELEC standard published on 
201412-19 and considers also the following key points in cooperation with relevant technical 
committees. 

It has been developed in close collaboration with other technical committees (IEC TC 2, IEC 
SC 121A) and with a customer’s stakeholder committee CEN/TC 197 in order to provide a 
comprehensive standard for energy efficiency and ecodesign requirements. 

Key points: 

• Requirements for energy-efficient design of electric drive systems in accordance with the 
driven load  

• Requirements and IE-classification of complete drive modules (CDM) 

• Requirements and IES-classification of power drive systems (PDS) 

• Determination of PDS losses and requirements for the link to the driven equipment for the 
determination of energy efficiency classification/evaluation of the extended product 

• Requirements for an environmentally conscious system design and environmental 
declaration of a motor system 
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ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS –  
 

Part 9-2: Ecodesign for power drive systems,  
motor starters, power electronics and their driven applications –  

Energy efficiency indicators for power drive systems and motor starters 
 
 
 

1 Scope 

This part of IEC 61800 specifies energy efficiency indicators of power electronics (complete 
drive modules, CDM), power drive systems (PDS) and motor starters, all used for motor 
driven equipment. 

It specifies the methodology for the determination of losses of the complete drive module 
(CDM), the power drive system (PDS) and the motor system.  

It defines IE and IES-classes, their limit values and provides test procedures for the 
classification of the overall losses of the motor system. 

Furthermore, this document proposes a methodology for the implementation of the best 
energy efficiency solution of drive systems. This depends on the architecture of the motor 
driven system, on the speed/load profile and on the operating points over time of the driven 
equipment. 

The methodology of the extended product approach and the semi analytical models are 
defined in IEC 61800-9-1. 

The structure of this document is as follows: 

• the losses of standardized reference PDS (RPDS), standardized reference CDM (RCDM) 
and the mathematical model for their calculation are given and classified; 

• the reference motor (RM) and the reference CDM (RCDM) are defined and can be used to 
determine the efficiency class of a motor system when one of its constituents is unknown; 

• the requirements for the determination of the losses of a real PDS and a real CDM are 
given and compared to the reference RPDS and RCDM; 

• the requirements for type testing and user documentation are given; 

• some exemplary losses of an overall system are illustrated in annexes; 

• information about system and drive topologies are given in annexes. 

Specific data for power losses of RCDM, RM, RPDS and IE/IES-classes are given for low 
voltage (100 V up to and equal to 1 000 V), single axis AC/AC power drive systems with 
three-phase motors. Geared motors are treated as standard motors when motor and gearbox 
can be separated.  

All provided reference data is derived from PDS with induction motors. It may be used for all 
types of PDS with other types of motors as well. 

The application of this document to the following equipment may be technically possible but is 
not mandatory: 

• High voltage CDM and PDS with a rated voltage above 1 000 V AC; 

• Low voltage CDM and PDS with a rated voltage below 100 V AC; 
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• High power PDS above a rated power of 1 000 kW; 

• High power CDM above a rated apparent output power of 1 209 kVA; 

• Low power PDS below a rated power of 0,12 kW;  

• Low power CDM below a rated power of 0,278 kVA; 

• CDMs other than those converting electrical AC power into one single AC output; 

• PDSs other than those converting electrical AC power into one single mechanical rotating 
shaft; 

• PDSs and CDMs that are able to regenerate energy back into the AC power supply; 

• PDSs and CDMs having an input current with a THC (according to the definition in 
IEC 610003-12) of less than 10 %; 

• PDS with geared motors where motor and gearbox cannot be separated, for example 
because of a common housing, 

• Servo PDS (consisting of frequency converter, motor and position feedback sensor); 

• PDSs that are not put on the market as one single product. 

NOTE IEC 61800-9 (all parts) does not cover energy efficiency classification of driven equipment but provides 
input for the assessment according to the extended product approach.  

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 60038:2009, IEC standard voltages 

IEC 60050-161, International Electrotechnical Vocabulary – Part 161: Electromagnetic 
compatibility 

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

IEC 60034-2-1:2014, Rotating electrical machines – Part 2-1: Standard methods for 
determining losses and efficiency from tests (excluding machines for traction vehicles) 

IEC TS 60034-2-3, Rotating electrical machines – Part 2-3: Specific test methods for 
determining losses and efficiency of converter-fed AC induction motors 

IEC 60034-30-1, Rotating electrical machines – Part 30-1: Efficiency classes of line operated 
AC motors (IE Code)  

IEC 60947-4-1, Low voltage switchgear and controlgear – Part 4-1: Contactors and motor-
starters – Electromechanical contactors and motor-starters 

IEC TS 61800-8, Adjustable speed electrical power drive systems – Part 8: Specification of 
voltage on the power interface 

IEC TS 62578, Power electronics systems and equipment – Operation conditions and 
characteristics of active infeed converter (AIC) applications including design 
recommendations for their emission values below 150 kHz 

Full document details: BS EN 61800-9-2:2017

https://doi.org/10.3403/30100279U
https://doi.org/10.3403/30257803
https://doi.org/10.3403/30247356U
https://doi.org/10.3403/01440621U
http://www.avadocuments.com/doc/bs-en-61800-9-2-2017
http://www.avadocuments.com/doc/bs-en-61800-9-2-2017


 – 14 – IEC 61800-9-2:2017 © IEC 2017 

3 Terms, definitions, symbols and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60050-161 and the 
following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

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

3.1.1  
active infeed converter 
AIC 
self-commutated electronic power converters of all technologies, topologies, voltages and 
sizes which are connected between the AC power supply system (mains) and a stiff DC-side 
(current source or voltage source), which can convert electric power in both directions 
(generative or regenerative) and can control the reactive power or the power factor  

Note 1 to entry: See IEC TS 62578. 

Note 2 to entry: The IEV defines terms (VSC and CSC) as voltage stiff AC/DC converter [551-12-03] and current 
stiff AC/DC converter [551-12-04]. Most of the AICs are bi-directional converters and have sources on the DC side. 
Therefore, they are known as voltage source converters and current source converters. 

3.1.2  
AEDM 
alternate efficiency determination method 
analytical model used by motor manufacturers for calculation of the losses that can be used to 
determine the energy efficiency index of an extended product 

3.1.3  
CDM 
complete drive module  
drive 
drive controller 
drive module consisting of the electronic power converter connected between the electric 
supply and a motor as well as extension such as protection devices, transformers and 
auxiliaries 

Note 1 to entry: The AC/AC frequency converter, which feeds the motor. Some countries use the term "drive" 
instead of CDM.  

3.1.4  
crest factor 
ratio of the peak absolute value to the RMS value of the waveform 

3.1.5  
driven equipment 
equipment mechanically connected to the shaft of a motor 

3.1.6  
EEI 
value describing the energy efficiency of an application, resulting from the extended product 
approach (EPA) 

Note 1 to entry: If the extended product is a pump system, the EEI is the ratio of the demanded energy (actual 
plus losses) to the theoretical energy required for the application. 
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3.1.7  
extended product 
EP 
driven equipment together with its connected motor system (e.g a PDS) 

Note 1 to entry: See Figure 2 

 

Figure 2 – Illustration of the extended product with included motor system 

3.1.8  
IE class 
efficiency classification of components of a motor system (3.1.10)  

Note 1 to entry: IE is an abbreviation for "international efficiency". 

3.1.9  
IES class 
efficiency classification of a motor system (e.g. PDS or a gear drive motor) 

Note 1 to entry: IES is an abbreviation for "international efficiency of systems". 

3.1.10  
motor system 
PDS or motor connected to the mains by a motor starter according to IEC 60947-4-1 

3.1.11  
PDS 
power drive system  
system consisting of a CDM and a motor 

3.1.12  
pulse pattern 
pattern of the switched phase-to-phase voltage or phase current at the unfiltered output 
terminals of the converter, resulting from pulse frequency and modulation scheme 
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3.1.13  
reference complete drive module 
RCDM 
complete drive module defined by mathematical equations and/or power losses 

Note 1 to entry: It is used as a basis for determining the IE class of an individual CDM. 

3.1.14  
reference motor 
RM 
motor defined by mathematical equations and/or power losses 

Note 1 to entry: It is used as a basis for comparing other motors. 

3.1.15  
reference power drive system 
RPDS 
combination of the reference motor and the reference PDS 

3.1.16  
servo PDS 
closed-loop controlled electric drive system for precise and dynamical control fo angular or 
linear position, velocity and acceleration for the driven servomechanism in typical applications 
such as CNC machinery, automated manufacturing or robotics  

Note 1 to entry: See Figure 3. 

Note 2 to entry: It consists of a frequency converter, a motor and a position feedback sensor. 

Note 3 to entry: Such servo applications are characterised with non-periodically (duty type S9) or periodically 
variable load and speed within the permissible 4-quadrant operating range (±TMAX, ±nMAX) and includes frequently 
applied operation in overload (T > TN) and/or field weakening range (n > nN) of the motor (see diagram below). 

 

Figure 3 – Torque-speed-characteristic of servo PDS 

3.1.17  
single axis 
single mechanical output shaft of an individual motor 

Note 1 to entry: Applies to CDM supplying one motor or PDS that includes only one motor. 
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3.1.18  
test load 
electrical device that determines the output current Iout and the output fundamental 
displacement factor cos Φ of a CDM for testing or calculation purposes 

Note 1 to entry: Test load may be a test motor or a different kind of load. 

3.1.19  
test load current 
total apparent current into the test load to produce a certain torque (see Table 1) 

3.1.20  
torque-producing current 
part of the test load current (see 3.1.19) that produces a certain torque (see Figure 6, Table 
1) 

Note 1 to entry: For an asynchronous motor, the torque-producing current is the rotor current. 

3.2 Symbols and abbreviated terms 

3.2.1  
cliquid 
specific heat capacity of liquid 

3.2.2  
ED 
switching loss in energy per volt and per ampere of a power diode 

3.2.3  
ET 
switching loss energy per volt and per ampere of a power transistor 

3.2.4  
fsw  
number of switching events of one semiconductor within one second 

Note 1 to entry: It determines, together with the selected pulse pattern and the converter topology, the lowest 
frequency of non-controllable harmonics or inter-harmonics at the IPC (in-plant point of coupling) or the motor. 

Note 2 to entry: To turn on and turn off the semiconductor’s switch are separate switching events. Thus, the 
switching frequency of a two level converter is two times the pulse frequency (also called the carrier frequency) of 
the phase-to-phase voltage for modulation that uses continuous switching and about about 1,33 times the pulse 
frequency of the phase-to-phase voltage for modulation that uses discontinuous switching. 

3.2.5  
Imotor_cable 
current in the motor cable of one power port (see IEC 61800-2) of the PDS, used for 
calculating switching losses 

Note 1 to entry: This typically represents a capacitive leakage current, which is normally for shielded motor 
cables. 

3.2.6  
I1,r CDM 
fundamental of the rated CDM or PDS input current waveform 

3.2.7  
Ir 
rated CDM or PDS input current 
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3.2.8  
Iout 
output current 

3.2.9  
Ir,out 
rated CDM output current 

3.2.10  
IrM 
rated motor current 

3.2.11  
k1DC_link 
load independent DC link loss parameter (

A⋅Ω
1 ) 

3.2.12  
k1choke 
choke impedance, relative to the rated CDM impedance 

3.2.13  
k2DC_link 
load dependent DC link loss parameter ( A⋅Ω ) 

3.2.14  
k2choke 
relative voltage drop on the resistive part of the choke 

3.2.15  
Kfe 
Additional/split iron losses in a motor 

3.2.16  
Kfw 
Additional/split of friction and windage losses in a motor 

3.2.17  
KLL 
Distribution of load losses 

3.2.18  
kVD 
ratio of rated motor voltage to maximum CDM output voltage 

3.2.19  
PL,cooling 
power losses generated by the cooling equipment of a CDM (e.g. fan losses), in relation to the 
BDM (see IEC 61800-2) losses if the CDM needs to be separately cooled 

3.2.20  
m 
modulation index, relation of CDM output frequency to the nominal motor stator frequency 

3.2.21  
ni 
speed [rpm] at load point i 
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3.2.22  
nr 
rated speed [rpm] 

3.2.23  
Pi 
power consumption [kW] at load point i 

3.2.24  
Pin,CDM 
input power of the CDM obtained from the power loss measurement 

3.2.25  
Pin,PDS 
input power of the PDS obtained from the power loss measurement 

3.2.26  
PLfe 
iron losses of a motor 

Note 1 to entry: See also IEC 60034-2-1. 

3.2.27  
PLfw 
friction and windage losses of a motor 

Note 1 to entry: See also IEC 60034-2-1. 

3.2.28  
PLHL 
additional harmonic losses of a motor caused by non-sinusoidal power supply 

Note 1 to entry: see also IEC 60034-2-3. 

3.2.29  
PLL 
additional load losses of a motor 

Note 1 to entry: see also IEC 60034-2-1. 

3.2.30  
pL RM 
relative losses of the reference motor 

3.2.31  
PL RM 
losses of the reference motor 

3.2.32  
PLR 
rotor losses of a motor 

Note 1 to entry: see also IEC 60034-2-1 

3.2.33  
PLS 
stator winding losses of a motor 
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Note 1 to entry: See also IEC 60034-2-1. 

3.2.34  
PLTsin 
total losses of a motor at sinusoidal power supply 

Note 1 to entry: According to IEC 60034-2-1:2014, method 2-1-1B. 

3.2.35  
PLT,Mot 
total losses of a motor when supplied by a converter (non-sinusoidal power supply) 

Note 1 to entry: According to IEC 60034-2-1:2014, method 2-1-1B. 

3.2.36  
Pout,CDM 
output power of CDM obtained from the power loss measurement 

3.2.37  
Pout,PDS 
output power of PDS obtained from the power loss measurement 

3.2.38  
Pr 
rated power of equipment which is assigned by its manufacturer 

3.2.39  
Pproc 
power demand of the mechanical or fluid-mechanical process 

3.2.40  
PL 
electrical power losses 

Note 1 to entry: In PL,CDM, PL,Mot, PL,PDS and PL,Aux, the index CDM refers to the complete drive module; Mot 
refers to the motor, PDS to the power drive system and Aux to the auxiliary devices like cables, transformers or 
filters. 

3.2.41  
pL 
the relative power losses are the per unit losses related to the nominal power of the device 

3.2.42  
PL,CDM 
power losses of a CDM 

3.2.43  
PL,CDM, determined 
power losses of CDM from the power loss determination method 

3.2.44  
pL,CDM 
relative power losses of the CDM, in relation to its rated apparent power 

3.2.45  
PL,choke 
power losses in the choke section of a CDM 
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3.2.46  
PL,control 
power losses in the control section of a CDM 

3.2.47  
PL,DC_link 
power losses of the DC link section of the CDM 

3.2.48  
PL,inverter 
power losses in the inverter section of a CDM 

3.2.49  
PL,PDS, determined 
power losses of the PDS from the power loss determination method 

3.2.50  
PL,rectifier 
power losses in the rectifier section of a CDM 

3.2.51  
PL,resistor 
measured power losses of the resistor in comparative calorimetric measurement 

3.2.52  
PL,on,D 
on state power losses of a power diode 

3.2.53  
PL,on,D, rectifier 
on state power losses of a rectifier diode 

3.2.54  
PL,on,T 
on state losses of a power transistor 

3.2.55  
PLSR  
the stator and rotor winding losses of the motor 

3.2.56  
PL,sw,D 
switching power losses of a power diode 

3.2.57  
PL,sw,T 
switching power losses of a power transistor 

3.2.58  
Pr,M 
rated power of a motor 

Note 1 to entry: In IEC 60034 (all parts) related to motors, this is named PN. 
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3.2.59  
PL, stby 
standby losses of a PDS 

Note 1 to entry: Standby losses are generated when the PDS is powered up, but not providing current to the load. 
They are typically two to three orders of magnitude lower than the losses during operation. Their influence on the 
overall losses strongly depends on the duty profile of the extended product. Besides this, they also depend on the 
requirements of the extended product in terms of wake-up time and communication. 

3.2.60  
PN 
relative output losses of a motor 

3.2.61  
Q 
flow rate of a pump unit 

3.2.62  
QBEP  
flow rate of the pump at the best efficiency point 

3.2.63  
Qcooler 
volumetric flow rate of the cooler in the calorimeter 

3.2.64  
QISI 
interpolation error (stability index) 

3.2.65  
rHL 
ration of additional harmonic losses when a motor is operated with a CDM compared to the 
losses at sinusoidal supply of a motor 

3.2.66  
Sr,equ 
rated apparent power of a piece of equipment 

3.2.67  
Sr,RCDM 
rated apparent power of the reference CDM 

3.2.68  
T 
the torque of a motor 

3.2.69  
tw 
working time of an equipment 

3.2.70  
Ti 
torque [Nm] at operating point i 

3.2.71  
U1,r,out 
fundamental rated line-to-line CDM output voltage 

Note 1 to entry: For the reference CDM, this value is assumed to be 400 V unless stated otherwise. 
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3.2.72  
UDC 
DC link voltage of a CDM 

3.2.73  
UD,r 
on state voltage of a power diode at rated CDM current 

3.2.74  
UD,r,rectifier 
on state voltage of a rectifier diode at rated CDM current 

3.2.75  
UD,th 
threshold voltage of a power diode 

3.2.76  
UD,th,rectifier 
threshold voltage of a rectifier diode 

3.2.77  
UmL1 
line to neutral voltage of the power supply system in phase L1 

3.2.78  
UT,r 
on state voltage of a power transistor at rated CDM current 

3.2.79  
UT,th 
threshold voltage of a power transistor 

3.2.80  
Ww 
electrical energy demand of extended product during working time 

3.2.81  
λ 
power factor of an equipment input current and voltage: λ = Pequ / Sr,equ 

3.2.82  
DpL,CDM 
uncertainty [%] of power loss determination method for CDM 

3.2.83  
DPL,CDM 
uncertainty [W] of power loss determination method for CDM 

3.2.84  
DpL,PDS 
Uncertainty [%] of power loss determination method for PDS 

3.2.85  
DPL,PDS 
uncertainty [W] of power loss determination method for PDS 
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3.2.86  
θin 
input temperature of cooling medium (air, liquid) in a calorimetric measurement 

3.2.87  
θinside 
temperature of cooling air between two calorimetric measurement chambers 

3.2.88  
θout 
output temperature of cooling medium (air, liquid) in a calorimetric measurement 

3.2.89  
φ 
phase angle between the fundamental CDM input voltage and the fundamental CDM input 
current 

3.2.90  
Φ 
phase angle between the fundamental CDM output voltage and the fundamental CDM output 
current 

3.2.91  
Φr 
phase angle between the fundamental CDM output voltage and the fundamental CDM output 
current at rated torque and speed 

4 Reference PDS (RPDS), reference CDM (RCDM) and reference motor (RM) 

4.1 General 

In order to determine the most efficient extended product for a given application, a direct 
comparison of several drives topologies and/or several control strategies is required. The 
extended product approach described in IEC 61800-9-1 allows for this. 

To support this approach, the concept of "reference PDS (RPDS)" is introduced. The 
standardized RPDS, consisting of a reference CDM (RCDM) and a reference converter-fed 
motor (RM), allows the comparison of the energy consumption of the designed extended 
product to an average technology PDS. 

The definition of the RPDS is generic and independent of a specific product or manufacturer.  

It allows 

– setting the limiting values for classifications, 
– classification of the real PDS in comparison to the RPDS, 
– classification of the CDM, 
– application of IEC TS 60034-30-2,  
– classification of converter-fed motors and motors classified per IEC 60034-30-1, 
– limiting the assessment to only a few appropriate measured or calculated load points, and 
– determining the energy consumption of various driven applications. 

Examples of relevant input values (load points) for classification of different driven 
applications: 
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Loads with square-law torque-speed characteristics (e.g. most pump units) will typically 
require relative losses or input powers P1 at the load points pL, PDS (50; 25), pL, PDS (100; 50) and 
pL, PDS (100; 100) for calculation of the losses of the motor system. The permissible loss 
tolerance is ±10 % of the losses in each operating point. 

Constant torque loads (e.g. hoisting equipment) will need the additional points pL, PDS (0; 25), 
pL, PDS (0; 50) and pL, PDS (0; 100) in order to determine the losses of the motor system. 

4.2 Reference operating points of the RPDS, RCDM, RM and associated losses 

All driven equipment can be described by the power required by the machine/application. The 
power requirements are the product of torque and speed at any working point. At each 
operating point there is an associated power loss in the motor system.  

The collection of (torque, speed) operating points at which the motor system may potentially 
be operated is infinite. Theoretically, it is necessary to know the amount of power losses 
generated at each point. In practice however, it is sufficient to know the power losses at a 
limited number of specific points (eight), which are specified for the RPDS in Figure 4, for the 
RM in Figure 5 and for the RCDM in Figure 6.  

For operating points with speeds greater than zero, the losses are usually given as a 
percentage of the mechanical output power. In other approaches the rated efficiencies (η) are 
defined as the ratio of rated mechanical output power to electrical input power (including the 
losses). 

In this document, losses related to the nominal output power of the power drive system (p in 
%) are considered instead of efficiency. This is done to secure the generality of the extended 
product approach.  

Driven equipment, for which a standstill torque is required, exists. For such equipment the 
efficiency is not an appropriate value to be used in the extended product approach. 

 

Figure 4 – Illustration of the operating points (shaft speed, torque) for 
the determination of relative losses of the power drive system (RPDS) 

As defined, the absolute losses of the RPDS shall be the sum of the RCDM losses plus the 
RM losses. Therefore, those losses shall be calculated point by point at the load points of 
Figure 5 and Figure 6 by the following formula: 

RCDML,RPDSL, RML, PpP +=  (1) 
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The relative losses of the RPDS are calculated from the relative losses of the RCDM and the 
RM as follows: 

RMr,

RCDMr,RCDML,RMr,RML,
RPDSL, P

SpPp
p

⋅+⋅
=  (2) 

At rated speed and torque, a modified formula according to Equation (19) has to be used. 

 

Figure 5 – Illustration of the operating points (shaft speed, torque) for 
the determination of relative losses of the reference motor (RM) 

The load points of the reference CDM (RCDM) cannot be given as a percentage of speed and 
torque of the corresponding rated values as the CDM provides only currents and voltages at 
its output. To allow a reproducible comparison and to avoid overmodulation, the fundamental 
AC output voltage shall be limited to 90 % of the AC input voltage.  

NOTE 1 RCDM losses at 90 % output voltage are very similar to the RCDM losses at 100 % output voltage 
(inverter losses are slightly higher whereas rectifier losses are slightly lower) and can consequently be used to 
calculate the RCDM losses at 100 % speed. 

 

Figure 6 – Illustration of the operating points (relative motor stator frequency, 
relative torque-producing current) for the determination of losses 

of the reference complete drive module (RCDM) 

NOTE 2 For asynchronous motors, the torque-producing current is the rotor current. The relation between the 
overall motor current and the torque producing current is given in Table 1. 

NOTE 3 For physical reasons, the illustrated load points on the y-axis of Figure 6 pL, RCDM (0, n) are achieved only 
with a non-zero output voltage in order to let current flow through the resistance of the motor windings.  
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The relative fundamental CDM output voltage (in per cent) shall not be lower than the relative 
CDM output frequency (in per cent). 

If required, the losses for intermediate operating points may be determined by one of the 
calculation methods presented in E.2.1: 

a) maximum losses in neighbouring, predefined load points; 
b) two-dimensional linear interpolation between neighbouring load points; 
c) loss calculation of the CDM according to the mathematical model described in 5.2. 

Motor losses are interpolated according to Annex D. 

A deviation of the relative rotor speed from the defined load points (see Figure 4) of up to the 
rated slip is allowed. At 0 Hz, a deviation of up to 12 Hz shall be allowed. 

For losses at additional load points and at part load conditions and reduction of operating 
points, see 8.4 and D.4.3. 

4.3 Combining PDS losses with the driven equipment – Workflow for the semi-
analytical model (SAM) 

The determination model for the losses or the energy efficiency index of an extended product 
is called "semi analytical model" (SAM), which includes physical and mathematical 
parameters and calculation algorithms of the subparts of an EP. 

The workflow for determining the efficiency classification of an extended product is shown in 
Figure 7. 

It also illustrates how the SAM of the motor system (left hand side) shall be linked to the SAM 
of the driven equipment (right hand side). The link in between both semi analytical models 
shall be the load loss points of the PDS and their permissible tolerances. The actual needed 
operating points shall be required by the semi analytical model of the driven equipment. 

The PDS data containing the PDS losses according to Figure 2 (left hand side of Figure 5) is 
defined in this document, whereas the semi analytical energy consumption models of the 
PDS-driven application (right hand side of Figure 5) shall be drafted by their responsible 
product committees by using the same approach. An example for PDS driven pump units is 
given in IEC 61800-9-1. Figure 8 shows how the different data sources shall be combined. 

It is the responsibility of the technical committees for specific applications to standardize 
publicly available SAM's for their applications. 
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Figure 7 – Illustration of the workflow to determine the energy 
efficiency index (EEI) of an extended product 

This document specifies how to determine the power losses of the motor system. The 
extended product committee shall specify the tolerances that shall apply to this process. 

 

Motor and CDM manufacturers can provide data directly to the motor system manufacturer. 

If the motor system is based on a starter, then only the motor losses are needed as input to the EPA. 

Figure 8 – Illustration how to combine different data sources to determine  
the energy efficiency index (EEI) of an extended product 
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