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European foreword 

The text of document 22G/475/FDIS, future edition 2 of IEC 61800-9-2, prepared by SC 22G 
"Adjustable speed electric power drive systems (PDS)" of IEC/TC 22 "Power electronic systems and 
equipment" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as 
EN IEC 61800-9-2:2025. 

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) 2026-03-31 

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document have to be withdrawn 

(dow) 2028-03-31 

This document supersedes EN 61800-9-2:2017 and all of its amendments and corrigenda (if any). 

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 standardization request addressed to CENELEC by the 
European Commission. The Standing Committee of the EFTA States subsequently approves these 
requests for its Member States. 

Any feedback and questions on this document should be directed to the users’ national committee. A 
complete listing of these bodies can be found on the CENELEC website. 

Endorsement notice 

The text of the International Standard IEC 61800-9-2:2023 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 standard indicated: 

IEC 60034 (series) NOTE Approved as EN IEC 60034 (series) 

IEC/TS 60034-25 NOTE Approved as CLC IEC/TS 60034-25 

IEC 60146-1-1 NOTE Approved as EN IEC 60146-1-1 

IEC 60947-4-2 NOTE Approved as EN IEC 60947-4-2 

IEC 61800-1 NOTE Approved as EN IEC 61800-1 

IEC 61800-2 NOTE Approved as EN IEC 61800-2 

IEC 61800-3 NOTE Approved as EN IEC 61800-3 

IEC 61800-5-1 NOTE Approved as EN IEC 61800-5-1 

IEC 61800-9-1 NOTE Approved 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 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.  

NOTE 1   Where 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.cencenelec.eu. 

Publication Year Title EN/HD Year 

IEC 60034-1 2022 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) 

EN 60034-2-1 2014 

IEC 60034-2-3 2020 Rotating electrical machines - Part 2-3: 
Specific test methods for determining 
losses and efficiency of converter-fed AC 
motors 

EN IEC 60034-2-3 2020 

IEC 60034-30-1 2014 Rotating electrical machines - Part 30-1: 
Efficiency classes of line operated AC 
motors (IE code) 

EN 60034-30-1 2014 

IEC/TS 60034-30-2 2016 Rotating electrical machines - Part 30-2: 
Efficiency classes of variable speed AC 
motors (IE-code) 

CLC IEC/TS 60034-
30-2 

2021 

IEC/TS 60034-31 2021 Rotating electrical machines - Part 31: 
Selection of energy-efficient motors 
including variable speed applications - 
Application guidelines 

CLC IEC/TS 60034-
31 

2024 

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

+ AMD1 -  - - 

IEC 60050-161 - International Electrotechnical Vocabulary. 
Chapter 161: Electromagnetic 
compatibility 

- - 

IEC 60947-4-1 2018 Low-voltage switchgear and controlgear - 
Part 4-1: Contactors and motor-starters - 
Electromechanical contactors and motor-
starters 

EN IEC 60947-4-1 2019 
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Publication Year Title EN/HD Year 

IEC 61000-3-12 2011 Electromagnetic compatibility (EMC) - 
Part 3-12: Limits - Limits for harmonic 
currents produced by equipment 
connected to public low-voltage systems 
with input current > 16 A and ≤ 75 A per 
phase 

EN 61000-3-12 2011 

IEC GUIDE 118 2017 Inclusion of energy efficiency aspects in 
electrotechnical publications 

- - 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS (PDS) –  

 
Part 9-2: Ecodesign for motor systems –  

Energy efficiency determination and classification 
 

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 61800-9-2 has been prepared by subcommittee 22G: Adjustable speed electric drive 
systems (PDS), of IEC technical committee 22: Power electronic systems and equipment. It is 
an International Standard. 

It has the status of a group energy efficiency publication in accordance with IEC Guide 118. 

This second edition cancels and replaces the first edition published in 2017. This edition 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) Additional IES Classes defined to IES5; 
b) Removed reference motor loss data and now point to IEC 60034-30-2; 
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c) Expanded and modified factors in Clause 6 for CDMs; 
d) Annex C is now the Mathematical Model for CDM Losses; 
e) Moved the mathematical model for the CDM to Annex C; 
f) Added Sub Drive Input Module and Sub Drive Output Modules to Annex B; 
g) Annex D is now the Converter Topology (old Annex C); 
h) Annex E is now the Interpolation of Motor Losses (Old Annex D); 
i) Annex E expanded to include various motor connections and updated interpolation method; 
j) New Annex E for determination of Interpolation Coefficients; 
k) Annex F is the old Annex E; 
l) New Annex J Explanation of Correction Factors for the Reference Losses in Table 8. 

The text of this International Standard is based on the following documents: 

Draft Report on voting 

22G/475/FDIS 22G/478/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts in the IEC 61800 series, published under the general title Adjustable speed 
electrical power drive systems (PDS), can be found on the IEC website. 

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

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document 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 SDMs (sub 
drive modules), 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, 
ISO/TC 115, ISO/TC 117, ISO/TC 118, CEN/TC 197) in order to provide a comprehensive 
standard for energy efficiency and ecodesign requirements. 

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 IEC 61800 series does not deal with mechanical engineering components. 

NOTE 1 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 adjustable speed AC power drive 
systems  

– Part 3: EMC requirements and specific test methods 
– Part 5: Safety requirements 
– 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 motor systems 

Some parts are further subdivided into several subparts, published either as International 
Standards or as Technical Specifications or Technical Reports and will be published with the 
part number followed by a dash and a second number identifying the subdivision (example: 
IEC 61800-9-2). 

NOTE 2 It is understood that Formula (13) is for Direct-on-Line motors. Formula (13) will be modified in the next 
amendment to account for Variable Frequency Drive motors. 

NOTE 3 A new figure will be developed to demonstrate the use of a star point for measuring the converter phase 
voltages to determine the cosphi for each phase in 7.5.3.1. 
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ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS (PDS) –  
 

Part 9-2: Ecodesign for motor systems –  
Energy efficiency determination and classification 

 
 
 

1 Scope 

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

This document is a group energy efficiency publication according to IEC Guide 119 and 
specifies the methodology for the determination of losses of the complete drive module (CDM), 
the sub drive module (SDM), 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/torque profile and on the operating points over time of the driven load 
equipment. It provides a link for the energy efficiency evaluation and classification of the 
extended product.  

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 PDS, 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. They are used for 
determining the efficiency class of a PDS if either the physical motor or physical CDM is 
unknown; 

• the requirements for the determination of the losses of a physical PDS and a physical CDM 
including correction factors for other types of CDM, not defined as RCDM or SDM, are given 
and compared to the IES class limits and the 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 the RCDM and RM, limits for the PDS 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. A methodology is given in addition how this reference data can also be applied to 
other topologies like AC/DC or DC/AC converters. 

All provided reference data is derived from PDS with induction motors. They can be used for 
various types of PDS with other types of motors as well, for example but not limited to, 
electronically commutated motors (ECM), permanent magnet motors (PM) or synchronous 
reluctance motors (SYN-RM), and line-start permanent magnet motors (LSPM). 
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PDS requirements in this document only apply to PDSs that are placed on the market as one 
single product, i.e. combination of motor and CDM that are not intended to be used separately. 

CDM requirements only apply to a CDM where the included SDMs have not already been 
evaluated according to SDM requirements. 

The following equipment is excluded from the scope: 

• high voltage CDM, SDM and PDS with a rated voltage above 1,0 kV AC or 1,5 kV DC; 

• low voltage CDM, SDM and PDS with a rated voltage below 100 V AC; 

• high power PDS above a rated power of 1 000 kW; 

• high power CDM and SDM above a rated apparent output power of 1 209 kVA; 

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

• low power CDM and SDM below a rated apparent output power of 0,278 kVA; 

• 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); 

• CDM, BDM and SDM that are exclusively designed to drive servo motors; 

• PDS, CDM, BDM and SDM specifically designed for DC motor applications according to 
IEC 61800-1; 

• PDS where several motors are connected in parallel to a single CDM with one three-phase 
output. 

• SDM with DC input and DC output. 

NOTE The IEC 61800-9 series 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 60034-1:2022, 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 60034-2-3:2020, Rotating electrical machines – Part 2-3: Specific test methods for 
determining losses and efficiency of converter-fed AC induction motors 

IEC 60034-30-1:2014, Rotating electrical machines – Part 30-1: Efficiency classes of line 
operated AC motors (IE code)  

IEC TS 60034-30-2:2016, Rotating electrical machines – Part 30-2: Efficiency classes of 
variable speed AC motors (IE-code) 

IEC TS 60034-31:2021, Rotating electrical machines – Part 31: Selection of energy-efficient 
motors including variable speed applications – Application guidelines 

IEC 60038:2009, IEC standard voltages  
IEC 60038:2009/AMD1:2021 
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IEC 60050-161, International Electrotechnical Vocabulary (IEV) – Part 161: Electromagnetic 
compatibility, available at www.electropedia.org 

IEC 60947-4-1:2018, Low voltage switchgear and controlgear – Part 4-1: Contactors and motor-
starters – Electromechanical contactors and motor-starters 

IEC 61000-3-12:2011, Electromagnetic compatibility (EMC) – Part 3-12: Limits – Limits for 
harmonic currents produced by equipment connected to public low-voltage systems with input 
current > 16 A and ≤ 75 A per phase 

IEC Guide 118:2017, Inclusion of energy efficiency aspects in electrotechnical publications 

STN EN IEC 61800‐9‐2: 2025 Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky

https://www.electropedia.org/
https://www.iso.org/obp

	ENIEC61800-9-2{2025}e.pdf_en.PDF
	European foreword
	Endorsement notice
	Annex ZA  (normative)  Normative references to international publications with their corresponding European publications

	iec61800-9-2{ed2.0}b.pdf.pdf
	English
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions and symbols
	3.1 Terms and definitions
	3.2 Symbols

	4 PDS efficiency, reference CDM (RCDM) and reference motor (RM)
	4.1 General
	4.2 Reference operating points of the PDS, RCDM, RM and associated losses
	4.3 Combining PDS losses with the driven equipment – Workflow for the semi-analytical model (SAM)
	4.4 IE Classes of line-fed motors
	4.5 IE Classes of converter-fed motors
	4.6 IE Classes of frequency converters (complete drive modules, CDM) 
	4.7 IES Classes of a PDS
	4.8 Consistency of IE and IES Classes
	4.9 Determination of the IES class of a PDS by application of "reference" and "test" devices and guidance for the providers

	5 Determination of CDM, motor and PDS loss by calculation 
	5.1 General 
	5.2 CDM losses
	5.2.1 General procedure and definition of the CDM and the test load
	5.2.2 Overall CDM losses
	5.2.3 Loss determination of CDMs composed by combination of submodules
	5.2.4 Validation of loss calculation method

	5.3 Motor losses
	5.3.1 General
	5.3.2 Additional harmonic losses of three-phase asynchronous motors fed by a CDM
	5.3.3 Motor loss data

	5.4 Power drive system (PDS) losses
	5.4.1 PDS losses
	5.4.2 PDS losses at different switching frequencies

	5.5 PDS losses for regenerative operation
	5.6 Losses of motor starters

	6 Limits of IE and IES Classes
	6.1 General
	6.2 CDM
	6.3 Correction factors for CDMs with modified functionality
	6.3.1 General
	6.3.2 Correction factors
	6.3.3 Reference losses and loss determination concept for CDMs and SDOMs with multiple AC outputs

	6.4 Motor
	6.5 PDS

	7 Loss determination
	7.1 General
	7.2 Type testing of CDM or SDM for IE classification
	7.3 Type testing of PDS for IES classification
	7.4 Determination of losses by calculation
	7.4.1 CDM or SDM losses by calculation 
	7.4.2 PDS losses by calculation 

	7.5 Determination of losses by measurement, Input-output method 
	7.5.1 Instrumentation
	7.5.2 Test conditions
	7.5.3 Input-output measurement of CDM losses
	7.5.4 Input-output measurement of SDIM losses
	7.5.5 Input-output measurement of SDOM losses
	7.5.6 Input-output measurement of PDS losses

	7.6 Calorimetric measurement of CDM losses
	7.7 Flowcharts for test procedures

	8 Requirements for the user’s documentation
	8.1 General
	8.2 Information for selection 
	8.3 Information for determination of energy efficiency classification
	8.4 Information on the determination of additional energy losses and part load conditions
	8.4.1 General
	8.4.2 Losses in part load conditions 
	8.4.3 Losses of accessories and options
	8.4.4 Losses in stand-by mode
	8.4.5 Regenerative mode
	8.4.6 Characteristics and correction factors


	Annex A (informative)Losses of RCDM and example of IES class limit determination
	A.1 Relative loss tables
	A.2 Calculation of relative losses for IES classes
	A.2.1 General
	A.2.2 Determination of CDM relative losses
	A.2.3 Determination of motor relative losses
	A.2.4 Summation of PDS relative losses


	Annex B (informative)Description of the elements of an extended product using PDSwith regard to their impact on losses
	B.1 General 
	B.2 Losses in the mains cabling and feeding section
	B.3 Input filter
	B.3.1 High frequency EMI filter
	B.3.2 Low frequency line harmonics filter

	B.4 Input converter
	B.4.1 General
	B.4.2 Diode rectifier
	B.4.3 Active infeed converter
	B.4.4 Power factor of the input converter
	B.4.5 Sub drive input module (SDIM)

	B.5 DC link
	B.6 Output inverter
	B.6.1 General
	B.6.2 Sub drive output model (SDOM)

	B.7 Output filter and motor cables
	B.7.1 General
	B.7.2 Sine wave filters
	B.7.3 dV/dt filters and motor chokes
	B.7.4 High frequency EMI motor filters
	B.7.5 Motor cables

	B.8 Motor
	B.9 Mechanical load
	B.10 Control and standby losses
	B.11 Cooling losses
	B.11.1 Primary cooling losses
	B.11.2 Secondary cooling losses


	Annex C (informative)Mathematical model for CDM losses
	C.1 General
	C.2 Output inverter losses
	C.2.1 General
	C.2.2 Transistor on state losses
	C.2.3 Freewheeling diode on state losses
	C.2.4 Transistor switching losses
	C.2.5 Freewheeling diode switching losses
	C.2.6 Output inverter total losses

	C.3 Input converter losses
	C.3.1 Active infeed converter
	C.3.2 Diode rectifier

	C.4 Input choke losses
	C.5 DC link losses
	C.6 Current conductor losses
	C.7 Control and standby losses
	C.8 Cooling loss factor
	C.9 Other CDM losses

	Annex D (informative)Converter topology
	D.1 General
	D.2 Voltage source output inverter topologies different from those mathematically described in Clause C.2
	D.3 Voltage source input converter topologies different from those mathematically described in Clause C.3 
	D.4 CDM topologies different from voltage source type

	Annex E (informative)Interpolation of motor losses and motor current
	E.1 General
	E.2 Relative and reference values
	E.3 Motor connections and operating ranges
	E.4 Interpolation of motor losses
	E.5 Interpolation of motor current
	E.6 Determination of the interpolation coefficients
	E.6.1 General
	E.6.2 Analytical determination
	E.6.3 Numerical determination

	E.7 Achievable accuracies
	E.8 Typical induction motor efficiency

	Annex F (informative)Application example for loss calculations of a CDM and a PDS
	F.1 General 
	F.2 CDM loss determination 
	F.2.1 General 
	F.2.2 Loss determination by two-dimensional interpolation of losses of neighbouring loss points
	F.2.3 Loss determination by the mathematical model described in Annex C

	F.3 Loss determination of the motor
	F.4 Loss determination of the PDS
	F.5 Determination of part load factors for SDIMs
	F.6 Application examples of reference losses and efficiency classes for modified functionality
	F.6.1 General
	F.6.2 Example 1 – IE classification of an SDIM
	F.6.3 Example 2 – IE classification of an SDOM
	F.6.4 Example 3 – IE classification of a CDM with regenerative capability and sinewave output filter


	Annex G (informative)Uncertainty of loss determination method
	G.1 General
	G.2 Calculation of uncertainty at randomly occurring errors
	G.3 Comparison of uncertainties for different loss determination methods

	Annex H (informative)Calorimetric measurement for CDM losses
	H.1 General
	H.2 Calorimeter with two chambers with air as a cooling medium
	H.3 Calorimeter with one chamber with air as a cooling medium
	H.4 Calorimeter with liquid as a cooling medium

	Annex I (informative)PDS loss calculation above rated speed and torque
	I.1 General
	I.2 Operating points above rated torque
	I.3 Operating points above rated speed
	I.3.1 General
	I.3.2 Dependency of motor losses on the CDM performance
	I.3.3 Dependency of CDM on the motor performance
	I.3.4 PDS loss calculation in the field weakening range up to 200 % of rated speed


	Annex J (informative)Explanation for correction factors for the reference losses in Table 8
	J.1 General
	J.2 CDM
	J.2.1 CDM without regenerative capability
	J.2.2 CDM with regenerative capability
	J.2.3 CDM with DFU ≤ 10 %
	J.2.4 CDM with a rated input voltage ≤ 250 V (three phase)
	J.2.5 CDM with single phase input

	J.3 SDIM and SDOM
	J.3.1 General
	J.3.2 SDIM without regenerative capability
	J.3.3 SDIM with regenerative capability
	J.3.4 SDOM

	J.4 CDM, SDIM and SDOM with external cooling
	J.5 CDM and SDOM with multiple AC outputs

	Bibliography
	Figures
	Figure 1 – Example of complete drive module (CDM) built by sub drive modules (SDM)
	Figure 2 – Illustration of the extended product with included motor system
	Figure 3 – Torque-speed-characteristic of servo PDS
	Figure 4 – Illustration of the operating points (shaft speed, torque) forthe determination of relative losses of the power drive system (PDS)
	Figure 5 – Illustration of the operating points (shaft speed, torque) forthe determination of relative losses of the reference motor (RM)
	Figure 6 – Illustration of the operating points (relative motor stator frequency,relative torque current) for the determination of lossesof the reference complete drive module (RCDM)
	Figure 7 – Illustration of the workflow to determine the energyefficiency index (EEI) of an extended product
	Figure 8 – Illustration how to combine different data sources to determine the energy efficiency index (EEI) of an extended product
	Figure 9 – Metrical relation 
	Figure 10 – Guidance for CDM and motor providers for the usage of "test" and "reference" devices to determine the IE/IES classes
	Figure 11 – Illustration of a typical CDM and test load
	Figure 12 – Example of relative losses pL,CDM of the 9,95 kVA RCDM
	Figure 13 – Example of the relative power losses of PDSas function of speed and torque
	Figure 14 – Example representation of the relative power losses versusswitching frequency of a 7,5 kW to 11 kW PDS
	Figure 15 – Example of a CDM with resistor for dissipating generated power
	Figure 16 – Illustration of IE Classes for a CDM
	Figure 17 – Topology of a CDM with multiple AC outputs
	Figure 18 – Losses of CDM or SDM are provided as the sum of the determined lossesplus the uncertainty of the determination method
	Figure 19 – Input-output measurement setup for determination of CDM losses
	Figure 20 – Order of CDM measurements from [1] to [8]
	Figure 21 – Input-output measurement setup for determination of SDIM losses
	Figure 22 – Input-output measurement setup for determination of SDOM losses
	Figure 23 – Input-output measurement setup for PDS losses
	Figure 24 – Order of PDS measurements from [1] to [8]
	Figure 25 – Calorimetric measurement setup for determining CDM losses
	Figure 26 – Determination of IE classification for CDM andloss determination for part load operating points
	Figure 27 – Determination of IES classification for PDS andloss determination for part load operating points
	Figure B.1 – Overview of the extended product and energy flow
	Figure B.2 – Equivalent circuit of the mains and mains cabling
	Figure B.3 – Illustration of a single-phase line harmonics filter
	Figure B.4 – PDS with a diode rectifier input converter
	Figure B.5 – PDS with a standard AIC input converter
	Figure B.6 – PDS with a F3E-AIC input converter without line choke
	Figure B.7 – Typical waveform of a diode rectifier line current
	Figure B.8 – DC link circuit
	Figure B.9 – DC link circuit with additional DC chokes
	Figure B.10 – Output inverter of the PDS
	Figure B.11 – Motor cable and optional output filter of the PDS
	Figure B.12 – Typical waveform of inverter output voltage and motorvoltage when using a sine wave output filter
	Figure E.1 – Normalized torque and speed of ranges a and b for connection Y or D
	Figure E.2 – Normalized torque and speed of ranges a and b for connection Y --> D
	Figure E.3 – Normalized torque and speed of range a for connection Y --> YY
	Figure E.4 – Normalized losses of an exemplary motor in connection Y or D
	Figure E.5 – Normalized losses of an exemplary motor in connection Y --> D
	Figure E.6 – Normalized losses of an exemplary motor in connection Y --> YY
	Figure E.7 – Efficiency map of the exemplary motor in connection Y or D
	Figure E.8 – Efficiency map of the exemplary motor in connection Y --> D
	Figure E.9 – Efficiency map of the exemplary motor in connection Y --> YY
	Figure E.10 – Line-current of the exemplary motor in connection Y or D
	Figure E.11 – Line-current of the exemplary motor in connection Y --> D
	Figure E.12 – Line-current of the exemplary motor in connection Y --> YY
	Figure E.13 – Standardized operating points of IEC 60034-2-3 
	Figure F.1 – Segments of operating points
	Figure F.2 – Two-dimensional interpolation
	Figure H.1 – One-step calorimetric measurement setup for comparative loss measurement (CDM and heating resistor are loaded simultaneously)
	Figure H.2 – Two-step calorimetric measurement setup for comparative loss measurement (CDM and heating resistor are not loaded simultaneously)
	Figure H.3 – Liquid cooled calorimetric measurement setup for CDM loss measurement

	Tables
	Table 1 – Minimum test load currents at different points of operation
	Table 2 – Test load displacement factor between fundamental output current and fundamental output voltage at different points of operation
	Table 3 – Example of relative losses of the 400 V/9,95 kVA reference CDMat the operating points described in Figure 6
	Table 4 – Active SDIM power ratio to be used for loss calculationat the CDM operating points
	Table 5 – Reference parameter for Formula (13)
	Table 6 – Relative losses of the 400 V/7,5 kW PDS 
	Table 7 – Reference CDM losses for class IE1 definition
	Table 8 – Correction factors for different CDM, SDIM and SDOM characteristics
	Table 9 – Information requirements
	Table A.1 – Relative losses (%) of reference CDMs (IE1) at different power ratingsat the operating points described in Figure 6
	Table A.2 – Relative losses of the 9,95 kVA CDM according to Table A.1
	Table B.1 – Typical values of λ for different input converter topologies
	Table C.1 – Reference parameters for Formula (C.1)
	Table C.2 – Variables for Formula (C.1) 
	Table C.3 – Reference parameters for Formula (C.2) 
	Table C.4 – Reference parameters for Formula (C.3) 
	Table C.5 – Reference parameters for Formula (C.4) 
	Table C.6 – Reference parameters for Formula (C.6) 
	Table C.7 – Variables for Formula (C.6) 
	Table C.8 – Reference parameters for Formula (C.7)
	Table C.9 – Reference parameters for Formula (C.8)
	Table C.10 – Reference parameters for Formula (C.9)
	Table C.11 – Reference parameter for Formula (5)
	Table C.12 – Reference parameter for Formula (C.10)
	Table E.1 – Normative operating points of IEC 60034-2-3 
	Table E.2 – Interpolation coefficients of typical 4-pole IE2 induction machines
	Table E.3 – Interpolation coefficients of typical 2-pole IE2 induction machines
	Table E.4 – Interpolation coefficients of typical 4-pole IE3 induction machines
	Table E.5 – Interpolation coefficients of typical 4-pole IE4 induction machines
	Table E.6 – Interpolation coefficients of typical 4-pole IE5 induction machines
	Table F.1 – Relative losses of a 400 V/9,95 kVA example CDM (IE1)at the predefined operating points 
	Table F.2 – Parameters of the example CDM 
	Table F.3 – Results of the CDM calculation according to the mathematical model
	Table F.4 – Comparison of different loss evaluation methods
	Table F.5 – Loss data of the 7,5 kW example motor
	Table F.6 – Calculated part-load factors for SDIM part load operation points


	Français
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d’application
	2 Références normatives
	3 Termes, définitions et symboles
	3.1 Termes et définitions
	3.2 Symboles

	4 Rendement du PDS, du CDM de référence (RCDM) et du moteur de référence (RM)
	4.1 Généralités
	4.2 Points de fonctionnement de référence du PDS/RCDM/RM et pertes associées
	4.3 Combinaison des pertes du PDS avec l’équipement entraîné – Flux de travaux pour le modèle semi-analytique (SAM)
	4.4 Classes IE des moteurs alimentés par le réseau
	4.5 Classes IE des moteurs alimentés par des convertisseurs
	4.6 Classes IE des convertisseurs de fréquences (modules d’entraînement complets, CDM) 
	4.7 Classes IES d’un PDS
	4.8 Cohérence des classes IE et IES
	4.9 Détermination de la classe IES d’un PDS à l’aide de dispositifs "de référence" et "d’essai" et recommandations à l’attention des fournisseurs

	5 Détermination par calcul des pertes du CDM, du moteur et du PDS 
	5.1 Généralités 
	5.2 Pertes du CDM
	5.2.1 Procédure générale et définition du CDM et de la charge d’essai
	5.2.2 Pertes globales du CDM
	5.2.3 Détermination des pertes des CDM formés par combinaison de sous-modules
	5.2.4 Validation de la méthode de calcul des pertes

	5.3 Pertes du moteur
	5.3.1 Généralités
	5.3.2 Pertes supplémentaires dues aux harmoniques des moteurs asynchrones triphasés alimentés par un CDM
	5.3.3 Données relatives aux pertes du moteur

	5.4 Pertes d’entraînement électrique de puissance (PDS)
	5.4.1 Pertes du PDS
	5.4.2 Pertes du PDS à différentes fréquences de commutation

	5.5 Pertes du PDS pour le fonctionnement en récupération
	5.6 Pertes des démarreurs de moteurs

	6 Limites des classes IE et IES
	6.1 Généralités
	6.2 CDM
	6.3 Facteurs de correction pour les CDM à fonctionnalité modifiée
	6.3.1 Généralités
	6.3.2 Facteurs de correction
	6.3.3 Concept de détermination des pertes et des pertes de référence pour les CDM et les SDOM avec plusieurs sorties à courant alternatif

	6.4 Moteur
	6.5 PDS

	7 Détermination des pertes
	7.1 Généralités
	7.2 Essais de type du CDM ou du SDM pour la classification IE
	7.3 Essais de type du PDS pour la classification IES
	7.4 Détermination des pertes par calcul
	7.4.1 Pertes calculées du CDM ou SDM 
	7.4.2 Calcul des pertes des PDS 

	7.5 Détermination des pertes par mesurage à l’entrée-sortie 
	7.5.1 Instrumentation
	7.5.2 Conditions d’essai
	7.5.3 Mesurage des pertes à l’entrée-sortie du CDM
	7.5.4 Mesurage des pertes à l’entrée-sortie du SDIM
	7.5.5 Mesurage des pertes à l’entrée-sortie du SDOM
	7.5.6 Mesurage des pertes à l’entrée-sortie du PDS

	7.6 Mesurage calorimétrique des pertes du CDM
	7.7 Organigrammes des procédures d’essai

	8 Exigences relatives à la documentation de l’utilisateur
	8.1 Généralités
	8.2 Informations destinées à la sélection 
	8.3 Informations destinées à la détermination de la classification de l’efficacité énergétique
	8.4 Informations destinées à la détermination des pertes d’énergie supplémentaires et des conditions de charge partielle
	8.4.1 Généralités
	8.4.2 Pertes en conditions de charge partielle 
	8.4.3 Pertes des accessoires et options
	8.4.4 Pertes en mode veille
	8.4.5 Mode de récupération
	8.4.6 Caractéristiques et facteurs de correction


	Annexe A (informative)Pertes du RCDM et exemple de détermination des limites de classe IES
	A.1 Tableaux des pertes relatives
	A.2 Calcul des pertes relatives pour les classes IES
	A.2.1 Généralités
	A.2.2 Détermination des pertes relatives du CDM
	A.2.3 Détermination des pertes relatives du moteur
	A.2.4 Somme des pertes relatives du PDS


	Annexe B (informative)Description des éléments d’un produit étendu utilisant un PDSpar rapport à leur impact sur les pertes
	B.1 Généralités 
	B.2 Pertes dans le câblage de réseau et la section d’alimentation
	B.3 Filtre d’entrée
	B.3.1 Filtre EMI à haute fréquence
	B.3.2 Filtres antiharmoniques à basse fréquence

	B.4 Convertisseur d’entrée
	B.4.1 Généralités
	B.4.2 Redresseur à diodes
	B.4.3 Convertisseur à alimentation active
	B.4.4 Facteur de puissance du convertisseur d’entrée
	B.4.5 Sous-module d’entrée d’entraînement (SDIM)

	B.5 Liaison à courant continu
	B.6 Onduleur de sortie
	B.6.1 Généralités
	B.6.2 Sous-module de sortie d’entraînement (SDOM)

	B.7 Filtre de sortie et câbles de moteur
	B.7.1 Généralités
	B.7.2 Filtres sinusoïdaux
	B.7.3 Filtres dV/dt et bobines d’arrêt de moteur
	B.7.4 Filtres de moteur EMI à haute fréquence
	B.7.5 Câbles de moteur

	B.8 Moteur
	B.9 Charge mécanique
	B.10 Pertes de commande et pertes en veille
	B.11 Pertes de refroidissement
	B.11.1 Pertes de refroidissement principal
	B.11.2 Pertes de refroidissement secondaire


	Annexe C (informative)Modèle mathématique pour les pertes du CDM
	C.1 Généralités
	C.2 Pertes de l’onduleur de sortie
	C.2.1 Généralités
	C.2.2 Pertes des transistors à l’état passant
	C.2.3 Pertes des diodes de roue libre à l’état passant
	C.2.4 Pertes de commutation des transistors
	C.2.5 Pertes de commutation des diodes de roue libre
	C.2.6 Pertes totales de l’onduleur de sortie

	C.3 Pertes du convertisseur d’entrée
	C.3.1 Convertisseur à alimentation active
	C.3.2 Redresseur à diodes

	C.4 Pertes des bobines d’arrêt d’entrée
	C.5 Pertes de la liaison à courant continu
	C.6 Pertes des conducteurs de courant
	C.7 Pertes de commande et pertes en veille
	C.8 Facteur de pertes de refroidissement
	C.9 Autres pertes du CDM

	Annexe D (informative)Topologie des convertisseurs
	D.1 Généralités
	D.2 Topologies d’onduleurs de sortie de source de tension différentes de celles décrites mathématiquement en C.2
	D.3 Topologies de convertisseurs d’entrée de source de tension différentes de celles décrites mathématiquement en C.3 
	D.4 Topologies de CDM autres que le type source de tension

	Annexe E (informative)Interpolation des pertes de moteur et du courant de moteur
	E.1 Généralités
	E.2 Valeurs relatives et valeurs de référence
	E.3 Connexions de moteur et plages de fonctionnement
	E.4 Interpolation des pertes de moteur
	E.5 Interpolation du courant du moteur
	E.6 Détermination des coefficients d’interpolation
	E.6.1 Généralités
	E.6.2 Détermination analytique
	E.6.3 Détermination numérique

	E.7 Précisions pouvant être obtenues
	E.8 Rendement type des moteurs à induction

	Annexe F (informative)Exemple d’application pour le calcul des pertes d’un CDM et d’un PDS
	F.1 Généralités 
	F.2 Détermination des pertes du CDM 
	F.2.1 Généralités 
	F.2.2 Détermination des pertes par interpolation bidimensionnelle des pertes aux points de perte voisins
	F.2.3 Détermination des pertes à l’aide du modèle mathématique décrit à l’Annexe C

	F.3 Détermination des pertes du moteur
	F.4 Détermination des pertes du PDS
	F.5 Détermination des facteurs de charge partielle pour les SDIM
	F.6 Exemples d’application des pertes de référence et des classes de rendement pour la fonctionnalité modifiée
	F.6.1 Généralités
	F.6.2 Exemple 1 – Classification IE d’un SDIM
	F.6.3 Exemple 2 – Classification IE d’un SDOM
	F.6.4 Exemple 3 – Classification IE d’un CDM avec capacité de récupération et filtre de sortie sinusoïdal


	Annexe G (informative)Incertitude de la méthode de détermination des pertes
	G.1 Généralités
	G.2 Calcul de l’incertitude sur les erreurs aléatoires
	G.3 Comparaison des incertitudes pour différentes méthodes de détermination des pertes

	Annexe H (informative)Mesurage calorimétrique pour les pertes du CDM
	H.1 Généralités
	H.2 Calorimètre à deux chambres utilisant l’air comme milieu de refroidissement
	H.3 Calorimètre à une chambre utilisant l’air comme milieu de refroidissement
	H.4 Calorimètre utilisant un liquide comme milieu de refroidissement

	Annexe I (informative)Calcul des pertes du PDS au-delà de la vitesse et du couple assignés
	I.1 Généralités
	I.2 Points de fonctionnement au-dessus du couple assigné
	I.3 Points de fonctionnement au-dessus de la vitesse assignée
	I.3.1 Généralités
	I.3.2 Dépendance des pertes du moteur aux performances du CDM
	I.3.3 Dépendance du CDM aux performances du moteur
	I.3.4 Calcul des pertes du PDS dans la plage de fonctionnement en régime défluxé jusqu’à 200 % de la vitesse assignée


	Annexe J (informative)Explication des facteurs de correction pour les pertesde référence du Tableau 8
	J.1 Généralités
	J.2 CDM
	J.2.1 CDM sans capacité de récupération
	J.2.2 CDM avec capacité de récupération
	J.2.3 CDM avec DFU ≤ 10 %
	J.2.4 CDM avec une tension d’entrée assignée ≤ 250 V (triphasée)
	J.2.5 CDM avec entrée monophasée

	J.3 SDIM et SDOM
	J.3.1 Généralités
	J.3.2 SDIM sans capacité de récupération
	J.3.3 SDIM avec capacité de récupération
	J.3.4 SDOM

	J.4 CDM, SDIM et SDOM avec refroidissement externe
	J.5 CDM et SDOM avec plusieurs sorties à courant alternatif

	Bibliographie
	Figures
	Figure 1 – Exemple de module d’entraînement complet (CDM)à base de sous-modules d’entraînement (SDM)
	Figure 2 – Représentation du produit étendu intégrant un système moteur
	Figure 3 – Caractéristique couple-vitesse d’un PDS asservi
	Figure 4 – Représentation des points de fonctionnement (vitesse de l’arbre, couple) pour la détermination des pertes relatives de l’entraînement électriquede puissance (PDS)
	Figure 5 – Représentation des points de fonctionnement (vitesse de l’arbre, couple) pour la détermination des pertes relatives de l’entraînement électriquede puissance (PDS)
	Figure 6 – Représentation des points de fonctionnement (fréquence relative du stator du moteur, courant produisant le couple relatif) pour la détermination des pertes du module d’entraînement complet de référence (RCDM)
	Figure 7 – Responsabilités et flux de travaux pour déterminer l’indicateurd’efficacité énergétique (EEI) d’un produit étendu
	Figure 8 – Combinaison de différentes sources de données pour déterminerl’indicateur d’efficacité énergétique (EEI) d’un produit étendu
	Figure 9 – Relation métrique 
	Figure 10 – Recommandations destinées aux fournisseurs de CDM et de moteurs concernant l’utilisation des dispositifs "d’essai" et "de référence" pour déterminer les classes IE/IES
	Figure 11 – Représentation d’un CDM et d’une charge d’essai types
	Figure 12 – Exemple de pertes relatives pL,CDM du RCDM de 9,95 kVA
	Figure 13 – Exemple de pertes de puissance relatives d’un PDSen fonction de la vitesse et du couple
	Figure 14 – Exemple de représentation des pertes de puissance relatives en fonction de la fréquence de commutation d’un PDS de 7,5 kW à 11 kW
	Figure 15 – Exemple de CDM comportant une résistancepour dissiper la puissance produite
	Figure 16 – Représentation des classes IE pour un CDM
	Figure 17 – Topologie d’un CDM avec plusieurs sorties à courant alternatif
	Figure 18 – Pertes du CDM ou du SDM correspondant à la somme des pertes déterminées et de l’incertitude de la méthode de détermination
	Figure 19 – Montage de mesure à l’entrée-sortie pour la détermination des pertes du CDM
	Figure 20 – Ordre des mesurages du CDM de [1] à [8]
	Figure 21 – Montage de mesure à l’entrée-sortie pour la déterminationdes pertes du SDIM
	Figure 22 – Montage de mesure à l’entrée-sortie pour la déterminationdes pertes du SDOM
	Figure 23 – Montage de mesure à l’entrée-sortie pour la déterminationdes pertes du PDS
	Figure 24 – Ordre des mesurages du PDS de [1] à [8]
	Figure 25 – Montage de mesure calorimétrique pour la détermination des pertes du CDM
	Figure 26 – Détermination de la classification IE pour le CDM et détermination des pertes aux points de fonctionnement à charge partielle
	Figure 27 – Détermination de la classification IES pour le PDS et déterminationdes pertes aux points de fonctionnement à charge partielle
	Figure B.1 – Vue d’ensemble du produit étendu et du flux énergétique
	Figure B.2 – Circuit équivalent du réseau et du câblage de réseau
	Figure B.3 – Représentation d’un filtre antiharmoniques monophasé
	Figure B.4 – PDS dont le convertisseur d’entrée est un redresseur à diodes
	Figure B.5 – PDS dont le convertisseur d’entrée est un AIC normal
	Figure B.6 – PDS à convertisseur d’entrée F3E-AIC sans bobine d’arrêt de ligne
	Figure B.7 – Forme d’onde type d’un courant de ligne de redresseur à diodes
	Figure B.8 – Circuit de liaison à courant continu
	Figure B.9 – Circuit de liaison à courant continu comportant des bobines d’arrêt à courant continu supplémentaires
	Figure B.10 – Onduleur de sortie du PDS
	Figure B.11 – Câble de moteur et filtre de sortie facultatif du PDS
	Figure B.12 – Forme d’onde type de la tension de sortie de l’onduleur et de la tension du moteur lors de l’utilisation d’un filtre de sortie sinusoïdal
	Figure E.1 – Couple et vitesse normalisés des plages a et bpour la connexion en Y ou en D
	Figure E.2 – Couple et vitesse normalisés des plages a et b pour la connexion en Y --> D
	Figure E.3 – Couple et vitesse normalisés de la plage a pour la connexion Y --> YY
	Figure E.4 – Pertes normalisées d’un exemple de moteur à connexion en Y ou en D
	Figure E.5 – Pertes normalisées d’un exemple de moteur à connexion Y --> D
	Figure E.6 – Pertes normalisées d’un exemple de moteur à connexion Y --> YY
	Figure E.7 – Carte de rendement de l’exemple de moteur à connexion en Y ou en D
	Figure E.8 – Carte de rendement de l’exemple de moteur à connexion Y --> D
	Figure E.9 – Carte de rendement de l’exemple de moteur à connexion Y --> YY
	Figure E.10 – Courant de ligne de l’exemple de moteur à connexion en Y ou en D
	Figure E.11 – Courant de ligne de l’exemple de moteur à connexion Y --> D
	Figure E.12 – Courant de ligne de l’exemple de moteur à connexion Y --> YY
	Figure E.13 – Points de fonctionnement normalisés de l’IEC 60034-2-3 
	Figure F.1 – Segments des points de fonctionnement
	Figure F.2 – Interpolation bidimensionnelle
	Figure H.1 – Installation de mesure calorimétrique en une étape pour le mesurage comparatif des pertes (CDM et résistance chauffante chargés simultanément)
	Figure H.2 – Installation de mesure calorimétrique en deux étapes pour le mesurage comparatif des pertes (CDM et résistance chauffante non chargés simultanément)
	Figure H.3 – Installation de mesure calorimétrique refroidie par liquidepour le mesurage des pertes du CDM

	Tableaux
	Tableau 1 – Courants de charge d’essai minimaux à différents points de fonctionnement
	Tableau 2 – Facteur de déphasage de la charge d’essai entre le courant de sortie fondamental et la tension de sortie fondamentale à différents points de fonctionnement
	Tableau 3 – Exemple de pertes relatives du CDM de référence de 400 V/9,95 kVA aux points de fonctionnement décrits à la Figure 6
	Tableau 4 – Rapport de puissance active du SDIM à utiliser pour le calculdes pertes aux points de fonctionnement du CDM
	Tableau 5 – Paramètre de référence de la Formule (13)
	Tableau 6 – Pertes relatives du PDS de 400 V/7,5 kW 
	Tableau 7 – Pertes du CDM de référence pour la définition de la classe IE1
	Tableau 8 – Facteurs de correction pour différentes caractéristiquesde CDM, SDIM et SDOM
	Tableau 9 – Exigences relatives aux informations
	Tableau A.1 – Pertes relatives (%) des CDM de référence (IE1) à différentes puissances assignées aux points de fonctionnement décrits à la Figure 6
	Tableau A.2 – Pertes relatives du CDM de 9,95 kVA selon le Tableau A.1
	Tableau B.1 – Valeurs types de λ pour différentes topologies de convertisseurs d’entrée
	Tableau C.1 – Paramètres de référence de la Formule (C.1)
	Tableau C.2 – Variables de la Formule (C.1) 
	Tableau C.3 – Paramètres de référence de la Formule (C.2) 
	Tableau C.4 – Paramètres de référence de la Formule (C.3) 
	Tableau C.5 – Paramètres de référence de la Formule (C.4) 
	Tableau C.6 – Paramètres de référence de la Formule (C.6) 
	Tableau C.7 – Variables de la Formule (C.6) 
	Tableau C.8 – Paramètres de référence de la Formule (C.7)
	Tableau C.9 – Paramètres de référence de la Formule (C.8)
	Tableau C.10 – Paramètres de référence de la Formule (C.9)
	Tableau C.11 – Paramètre de référence de la Formule (5)
	Tableau C.12 – Paramètre de référence de la Formule (C.10)
	Tableau E.1 – Points de fonctionnement normatifs de l’IEC 60034-2-3 
	Tableau E.2 – Coefficients d’interpolation des machines à induction types tétrapolaires, de classe de rendement IE2
	Tableau E.3 – Coefficients d’interpolation des machines à induction types bipolaires,de classe de rendement IE2
	Tableau E.4 – Coefficients d’interpolation des machines à induction types tétrapolaires, de classe de rendement IE3
	Tableau E.5 – Coefficients d’interpolation des machines à induction types tétrapolaires, de classe de rendement IE4
	Tableau E.6 – Coefficients d’interpolation des machines à induction types tétrapolaires, de classe de rendement IE5
	Tableau F.1 – Pertes relatives d’un exemple de CDM (IE1) de 400 V/9,95 kVAaux points de fonctionnement prédéfinis 
	Tableau F.2 – Paramètres de l’exemple de CDM 
	Tableau F.3 – Résultats du calcul pour le CDM d’après le modèle mathématique
	Tableau F.4 – Comparaison des différentes méthodes d’évaluation des pertes
	Tableau F.5 – Données relatives aux pertes de l’exemple de moteur de 7,5 kW
	Tableau F.6 – Facteurs de charge partielle calculés pour les pointsde fonctionnement à charge partielle du SDIM



	Prázdna strana



