IEC 61800-9-2:2023-10+AMD1:2025-12 CSV(en)

IEC IEC 61800-9-2

®

INTERNATIONAL
STANDARD

Edition 2.1  2025-12

CONSOLIDATED VERSION

Adjustable speed electrical power drive systems (PDS) -
Part 9-2: Ecodesign for motor systems - Energy efficiency determination and
classification

1CS29.130.01; 29.160.30; 29.200 ISBN 978-2-8327-0976-4



THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2025 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or
by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either
IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC copyright
or have an enquiry about obtaining additional rights to this publication, please contact the address below or your local
IEC member National Committee for further information.

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Tel.: +41 22 919 02 11
info@iec.ch
www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search -
webstore.iec.ch/advsearchform

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects,
replaced and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished
Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
once a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer
Service Centre: sales@iec.ch.

IEC Products & Services Portal - products.iec.ch
Discover our powerful search engine and read freely all the
publications previews, graphical symbols and the glossary.
With a subscription you will always have access to up to date
content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 500 terminological entries in English
and French, with equivalent terms in 25 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

Warning! Make sure that you obtained this publication from an authorized distributor.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/

IEC 61800-9-2:2023+AMD1:2025 CSV © |IEC 2025 REDLINE VERSION

CONTENTS
O T T I S 8
INTRODUGCTION ...ttt e e et e e e e e et et e e e e e et e et e et e e eenas 10
1 Yo7 ] o1 PPN 11
2 NOIrMAtIVE FEFEIENCES .. oeieii e e 12
3 Terms, definitions and SYMDOIS ..o 13
3.1 Terms and definitioNS. .. ... 13
3.2 V4 1] o Yo - PN 17
4  PDS efficiency, reference CDM (RCDM) and reference motor (RM) ...l 26
4.1 GBI AL e s 26
4.2 Reference operating points of the PDS, RCDM, RM and associated losses........... 26
4.3 Combining PDS losses with the driven equipment — Workflow for the semi-
analytical Model (SAM) ... 28
4.4 IE Classes of line-fed mMotors ..., 30
4.5 IE Classes of converter-fed Motors .........coouviiiiiiiiii e, 30
4.6 IE Classes of frequency converters (complete drive modules, CDM) ..................... 30
4.7 IES Classes Of @ P DS ... 31
4.8 Consistency of IE and IES ClasSES ...cuiuiiiiiiiiiiii e 31
4.9 Determination of the IES class of a PDS by application of "reference" and
"test" devices and guidance for the providers...........ccooooiiiiiiiiiii 32
5 Determination of CDM, motor and PDS loss by calculation .................cccoooeiiiiiiininnnne. 33
5.1 LT =Y 1Y - | PP ORPPRPPN 33
5.2 CDM lossesiA L LRI e/ [ OVCRIARA AN LA D AL AR A ) 34
5.21 General procedure and definition of the CDM and the test load ..................... 34
5.2.2 OVEraAll CDM I0SSES . ittt e e e et aeas 36
5.2.3 Loss determination of CDMs composed by combination of submodules ......... 37
524 Validation of loss calculation method ... 39
5.3 Motor lossésga/standards/iec/114leech-251d-4£fb-b38h-1.98790dbAR75/1ec-61.800- 39
5.3.1 GBNEIAl e 39
5.3.2 Additional harmonic losses of three-phase asynchronous motors fed by
= O 3 PR 40
5.3.3 MOLOr 10SS data....ceieiii i 40
5.4 Power drive system (PDS) I0SSES ...t 40
5.4.1 P D S 0SS S ittt ettt 40
5.4.2 PDS losses at different switching frequencies..............coiiiiiiinn, 42
5.5 PDS losses for regenerative operation............coooviiiiiiiiiiiiie e 43
5.6 LoSSEeSs Of MOtOr Starters ... 43
6  Limits Of IE @Nd IES ClasSSeS ..ouiiuiiiiiiiiii ettt e e 43
6.1 GBI A e s 43
6.2 O 5 PN 44
6.3 Correction factors for CDMs with modified functionality............cccooooiiinn. 46
6.3.1 GBNEIAl e 46
6.3.2 COrreCtioN fACTONS ...iviii i 48
6.3.3 Reference losses and loss determination concept for CDMs and SDOMs
with multiple AC OULPULS ... e 49
6.4 11/ o o T 50
6.5 5 1 PPN 50
7 LOSS determination ... oo e 51



IEC 61800-9-2:2023+AMD1:2025 CSV © |IEC 2025 REDLINE VERSION

71 =Y a1 =Y
7.2 Type testing of CDM or SDM for |E classification ..o,
7.3 Type testing of PDS for IES classification ..o
7.4 Determination of losses by calculation ...,
7.4.1 CDM or SDM losses by calculation ..o
7.4.2 PDS losses by calculation.........c.ooiiiiiii e
7.5 Determination of losses by measurement, Input-output method.............................
7.5.1 INStruMeENtatioN. ... ...
7.5.2 TeSt CONAITIONS e e
7.5.3 Input-output measurement of CDM [0SS€S .....oeiiiiiiiii e
7.5.4 Input-output measurement of SDIM [0SS€S.......cceuiiiiiiiiiiiii e,
7.5.5 Input-output measurement of SDOM 10SS€S .. ..ieiiiiiiiiiiii e
7.5.6 Input-output measurement of PDS 10SSES .....coviiniiiiiiiiiiicieeee e
7.6 Calorimetric measurement of CDM 10SS€S.....c.iiiiiiiiiii e
7.7 Flowcharts for test proCedures ... ..o
8 Requirements for the user’'s documentation ..o

8.1 GBNEIAL. .o
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
CONAIIONS e

8.4.1 LT =Y o 1= =T P
8.4.2 Losses in part load conditionNS.........couiiiiiiiii
8.4.3 Losses of accessories and OptionNS ........ooiiieiiiii i,
8.4.4 Losses in stand-by MOde ...
8.4.5 Regenerative MOAE ...
8.4.6 Characteristics and correction factors...........cooiiiii
Annex A (informative) Losses of RCDM and example of IES class limit determination .........

A1 Relativejlossdablesiards/iec/ 114l eech-251d-4f5-b38b-- 108790459875 liae-61-800-
A.2 Calculation of relative losses for IES ClasSes .....ocuviuiiiiiiiiiiiii e
A.2.1 GBNEIAl e
A.2.2 Determination of CDM relative 10SSES .......ccviiiiii e,
A.2.3 Determination of motor relative 10SSEeS ..o
A24 Summation of PDS relative [0SSeS .......couoiiiiiiii

Annex B (informative) Description of the elements of an extended product using PDS
with regard to their impact ON 10SSES ... i

B.1 =Y a1 =Y PN
B.2 Losses in the mains cabling and feeding section...........cccooiiiiiii i
B.3 T o101 71 =
B.3.1 High frequency EMI filter .. ...,
B.3.2 Low frequency line harmonics filter...........coooi e,
B.4 ] oYU ST o V2= o =T
B.4.1 GBIl Lt
B.4.2 Diode Fe Gl . e
B.4.3 Active infeed CONVEIET .. ..o
B.4.4 Power factor of the input converter ...
B.4.5 Sub drive input module (SDIM) ..ot
B.5 D T O 1 PR



IEC 61800-9-2:2023+AMD1:2025 CSV © |IEC 2025 REDLINE VERSION

B.6 (1014 010N AT a 1YY o (= PP 81
B.6.1 LY o 1= =¥ P 81
B.6.2 Sub drive output model (SDOM) ... 81

B.7 Output filter and Motor Cables ......ooviieii 81
B.7.1 LY o 1= =¥ P 81
B.7.2 SiNE WaVe fIlerS . oo 82
B.7.3 dV/dt filters and motor ChOKEeS ... 83
B.7.4 High frequency EMI motor filters........c.oooiiiiii i, 84
B.7.5 MOtOr CabIES ... 84

B.8 11/ o) (o] PP 84

B.9 Mechanical 10ad ... ... 84

B.10 Control and standby l0SSES . ... ciuuiiiiii i 84

= 0t I B O o Yo 1 Yo [ 0T - PP 84
B.11.1 Primary COOlING I0SSES ....uiiiiiii e 84
B.11.2 Secondary COOING IOSSES ...uuiiuiiiiii e 85

Annex C (informative) Mathematical model for CDM 0SSES .......ccuvviiiiiiiiiiiiiiiiiceeeee 86

C.1 =Y a1 =Y PN 86

C.2 OULPUL INVEIET |0SSES . et 86
C.21 GBIl Lt 86
C.2.2 Transistor on state 10SSeS .. .. i 86
Cc.2.3 Freewheeling diode on state 10SSeS ........oiiuiiiiiiiiii 87
C.24 Transistor SWitChing l0SSES .. ..o 87
C.2.5 Freewheeling diode switching 10SSES .......c.uiiiiiiiiiiii e, 88
C.2.6 Output inverter total [0SSES ... 89

C.3 INPUL CONVEIEN |0SSES - e it 89
C.31 Active infeed converter ... 89
C.3.2 [ To Yo [N =T o 11 = PP 89

cC4 INPUL ChOKE [0SSES ..neii i e a0

C.5 B link losses/standards/iec/l 14 leecb 251 d-4£fb-b38b- 198790db9875/16¢~6 1.800. 91

C.6 Current CONAUCTOr [0SSES . uiiiiii e e 91

C.7 Control and standby [0SSES . ..uiuuiii i 92

C.8 Co0liNG 10SS fACTON .. et e 92

C.9 Other CDM 108 S S .. uiii et 92

Annex D (informative) Converter t0pology ......cou i 93
D.1 =Y a1 =Y PN 93
D.2 Voltage source output inverter topologies different from those

mathematically described in Clause C.2..........oiiiiiiiiie e 93
D.3 Voltage source input converter topologies different from those
mathematically described in Clause C.3... ... 93

D.4 CDM topologies different from voltage source type .......ccoooieiiiiiiiiiniiiein e, 94

Annex E (informative) Interpolation of motor losses and motor current............c...ooeiiiinenn. 95

E.1 =Y a1 =Y PN 95

E.2 Relative and reference values..... ... 95

E.3 Motor connections and operating rangesS.......ccciiiiiiiiiie e 96

E.4 Interpolation of MOtOr [0SSES ... 97

E.5 Interpolation of motor current ... ... 100

E.6 Determination of the interpolation coefficients.............ccocooiiiiiii i 102
E.6.1 LT =Y o =T Y 102



IEC 61800-9-2:2023+AMD1:2025 CSV © |IEC 2025 REDLINE VERSION

E.6.2 Analytical determination ... 102
E.6.3 Numerical determination ... ... e 104
E.7 Achievable aCCUIraCies ... ..o 105
E.8 Typical induction motor effiCienCy ........oiiiiiii 105
Annex F (informative) Application example for loss calculations of a CDM and a PDS ....... 111
F.A1 LT o =T = | PN 111
F.2 CDM loss determination ... ... 111
F.2.1 GBIl L.t 111
F.2.2 Loss determination by two-dimensional interpolation of losses of
Neighbouring 10SS POINTS ......iiuiiii e 112
F.2.3 Loss determination by the mathematical model described in Annex C.......... 115
F.3 Loss determination of the motor ... 117
F.4 Loss determination of the PDS ... ..o 118
F.5 Determination of part load factors for SDIMS..........cccooiiiiiiiiii e 119
F.6 Application examples of reference losses and efficiency classes for modified
FUNCHIONATTTY oo e 120
F.6.1 GBIl L.t 120
F.6.2 Example 1 — IE classification of an SDIM ... 120
F.6.3 Example 2 — IE classification of an SDOM ... 120
F.6.4 Example 3 — IE classification of a CDM with regenerative capability and
sinewave OUtPUL filter... ... 121
Annex G (informative) Uncertainty of loss determination method ........................... 123
G.1 L T=Y a1 Y PP 123
G.2 Calculation of uncertainty at randomly occurring errors .........cooeevveiiiiiiiiiniiinennnes 123
G.3 Comparison of uncertainties for different loss determination methods ................. 123
Annex H (informative) Calorimetric measurement for CDM 10SS€S..........ccoiviiiiiiiiiiniiiniennnen. 124
H.1 L= a1 =Y PP 124
H.2 Calorimeter with two chambers with air as a cooling medium ............c...co.oieenies 124
H.3 Calorimeter with one chamber with air as a cooling medium ............cccceeevvennnnn.n. 125
H.4 Calorimeter with liquid as a cooling medium...........coooiiiiiiiii 126
Annex | (informative) PDS loss calculation above rated speed and torque ......................... 127
1.1 LY o =T = | PN 127
1.2 Operating points above rated torque ..o 127
1.3 Operating points above rated speed...... ..o 127
1.3.1 GBIl L. 127
1.3.2 Dependency of motor losses on the CDM performance...........cccccceeveveinnnnnn. 127
1.3.3 Dependency of CDM on the motor performance.............coooviiiiiiiiiiiinaan.e. 128
1.3.4 PDS loss calculation in the field weakening range up to 200 % of rated
£ 1= Pt 128
Annex J (informative) Explanation for correction factors for the reference losses in
JLIE=1 o] L= S PR 129
J.1 L= a1 =Y PP 129
J.2 O 5 PP 129
J.2.1 CDM without regenerative capability..........ccccoeiiiiiiiiiii e, 129
J.2.2 CDM with regenerative capability............cooieiiiiiii 130
J.2.3 COM With DFY S 10 Yoeeeeiiiii 131
J.2.4 CDM with a rated input voltage < 250 V (three phase) ........cccoccoviiiiiiiiinnenn. 131
J.2.5 CDM with single phase input........ccooiiiiii e 131
J.3 SDIM @nd SDOM ..oiiiiiii e 132



IEC 61800-9-2:2023+AMD1:2025 CSV © |IEC 2025 REDLINE VERSION

J.3.1 GNEIAL .. 132
J.3.2 SDIM without regenerative capability ...........coooiiiii 132
J.3.3 SDIM with regenerative capability ... 132
J.3.4 SDOM o 133

J.4 CDM, SDIM and SDOM with external cooling ..........ccoooiiiiiiiii e, 133
J.5 CDM and SDOM with multiple AC oUtPULS.......oivniii e, 133
Bl O G AP Y e s 134
Figure 1 — Example of complete drive module (CDM) built by sub drive modules (SDM) ....... 14
Figure 2 — lllustration of the extended product with included motor system ........................... 15
Figure 3 — Torque-speed-characteristic of servo PDS ..., 16

Figure 4 — lllustration of the operating points (shaft speed, torque) for the
determination of relative losses of the power drive system (PDS) .......ccooooiiiiiiiiiiiiin 27

Figure 5 — lllustration of the operating points (shaft speed, torque) for the
determination of relative losses of the reference motor (RM) ..., 27

Figure 6 — lllustration of the operating points (relative motor stator frequency, relative
torque current) for the determination of losses of the reference complete drive module

(O 1 PP 28
Figure 7 — lllustration of the workflow to determine the energy efficiency index (EEI) of

an extended ProUUCT .. ... e 29
Figure 8 — lllustration how to combine different data sources to determine the energy
efficiency index (EEI) of an extended product ... 30
Figure 9 — Metrical relation ... ... 32
Figure 10 — Guidance for CDM and motor providers for the usage of "test" and

"reference" devices to determine the IE/IES ClasSeS .......oooviviiiiiiiiiiiii e, 33
Figure 11 — lllustration of a typical CDM and test load ..., 34
Figure 12 — Example of relative losses p|_ cpm of the 9,95 KVARCDM ... 37
Figure 13 — Example of the relative power losses of PDS as function of speed and

B QU L e e 42
Figure 14 — Example representation of the relative power losses versus switching

frequency of @ 7,5 KW t0 11 KW P DS ..o e 42
Figure 15 — Example of a CDM with resistor for dissipating generated power........................ 43
Figure 16 — lllustration of IE Classes for @ CDM.........cccoiiiiiiiii e, 46
Figure 17 — Topology of a CDM with multiple AC outputs........c.ccooeiiiiiiiiii e, 49
Figure 18 — Losses of CDM or SDM are provided as the sum of the determined losses

plus the uncertainty of the determination method ..., 52
Figure 19 — Input-output measurement setup for determination of CDM losses ..................... 57
Figure 20 — Order of CDM measurements from [1] 10 [8] ...ccooeiiiiiiii e 57
Figure 21 — Input-output measurement setup for determination of SDIM losses .................... 59
Figure 22 — Input-output measurement setup for determination of SDOM losses................... 60
Figure 23 — Input-output measurement setup for PDS 10SSES .......coovviiiiiiiiiiiiiiieeee e, 61
Figure 24 — Order of PDS measurements from [1] 10 [8] ... eeiiiiiiiiii e 62
Figure 25 — Calorimetric measurement setup for determining CDM losses ..........ccoceieeniennnes 63

Figure 26 — Determination of IE classification for CDM and loss determination for part
l0ad OPErating POINES ..o e 65

Figure 27 — Determination of IES classification for PDS and loss determination for part
l0ad Operating POINES L. e e 66



