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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
POWER QUALITY MANAGEMENT –  

 
Part 3: User characteristics modelling  

 
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 63222-3 has been prepared by IEC technical committee 8: System aspects of electrical 
energy supply. It is a Technical Specification. 

The text of this Technical Specification is based on the following documents: 

Draft Report on voting 

8/1690/DTS 8/1702/RVDTS 

 
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 Technical Specification is English. 
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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 http://www.iec.ch/standardsdev/publications. 

A list of all parts in the IEC 63222 series, published under the general title Power quality 
management, 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, or 

• revised. 

 

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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POWER QUALITY MANAGEMENT –  
 

Part 3: User characteristics modelling  
 
 
 

1 Scope 

This part of IEC 63222 is intended to provide provisions regarding recognized engineering 
practices applicable to assess the user’s characteristics in power quality predicted assessment. 
It summarizes the best practice in non-linear, unbalanced, impact and fluctuating loads or 
generations modelling for power quality disturbance anticipation in public power systems at the 
planning stage. 

This document focuses on frequency-domain modelling for AC power quality analysis in electric 
power networks, typically in the range up to the 50th harmonic (2,5 kHz in 50 Hz systems or 
3 kHz in 60 Hz systems). Unbalance is analyzed in three-phase systems and only negative 
sequence component is considered. The approach and modelling guidelines provided are valid 
on the representation of user installations connected to power systems acting as sources of 
disturbance. Modelling of the network elements is out of the scope of the document. 

These guidelines will be valuable in the definition of power quality performance specifications 
for user equipment. They will also assist users when modelling their installation to assess or 
demonstrate compliance with the emission limits provided by the system owner/operator and to 
investigate and specify mitigation measures.  

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 TR 61000-3-6, Electromagnetic compatibility (EMC) – Part 3-6: Limits – Assessment of 
emission limits for the connection of distorting installations to MV, HV and EHV power systems 

IEC TR 61000-3-7, Electromagnetic compatibility (EMC) – Part 3-7: Limits – Assessment of 
emission limits for the connection of fluctuating installations to MV, HV and EHV power systems 

IEC TR 61000-3-13, Electromagnetic compatibility (EMC) – Part 3-13: Limits – Assessment of 
emission limits for the connection of unbalanced installations to MV, HV and EHV power 
systems 

IEC 61000-4-30, Electromagnetic compatibility (EMC) – Part 4-30: Testing and measurement 
techniques – Power quality measurement methods 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

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

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

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

3.1  
power quality 
characteristics of the electric current, voltage and frequency at a given point in an electric power 
system, evaluated against a set of reference technical parameters 

[SOURCE: IEC 60050-614:2016, 614-01-01 − The note to entry has been deleted.] 

3.2  
point of common coupling 
PCC 
point in an electric power system, electrically nearest to a particular load, at which other loads 
are, or may be, connected 

Note 1 to entry: These loads can be either devices, equipment or systems, or distinct network users' installations. 

[SOURCE: IEC 60050-614:2016, 614-01-12] 

3.3  
point of connection 
POC 
reference point on the electric power system where the user’s electrical facility is connected 

[SOURCE: IEC 60050-617: 2009, 617-04-01] 

3.4  
system impedance 
impedance of the electric power system as viewed from a designated point (e.g. point of 
common coupling or point of supply) 

[SOURCE: IEC 60050-614:2016, 614-01-13] 

3.5  
short-circuit power 
product of the current in the short circuit at a point of a system and a conventional voltage, 
generally the operating voltage 

[SOURCE: IEC 60050-601:1985, 601-01-14] 

3.6  
RMS value  
root-mean-square value 
effective value 
for a time-dependent quantity, positive square root of the mean value of the square of the 
quantity taken over a given time interval 

[SOURCE: IEC 60050-103:2017, 103-02-03, modified – The notes to entry have been deleted.] 
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3.7  
voltage deviation 
difference between the supply voltage at a given instant and the declared supply voltage 

[SOURCE: IEC 60050-614:2016, 614-01-04] 

3.8  
voltage fluctuation 
series of voltage changes or a continuous variation of the RMS or peak value of the voltage 

Note 1 to entry: Whether the RMS or peak value is chosen depends upon the application, and which is used should 
be specified. 

[SOURCE: IEC 60050-161:1990, 161-08-05] 

3.9  
flicker 
impression of unsteadiness of visual sensation induced by a light stimulus whose luminance or 
spectral distribution fluctuates with time 

[SOURCE: IEC 60050-614:2016, 614-01-28] 

3.10  
voltage unbalance 
condition in a polyphase system in which the RMS values of the phase element voltages 
(fundamental component), or the phase angles between consecutive phase element voltages, 
are not all equal 

[SOURCE: IEC 60050-614:2016, 614-01-32] 

3.11  
unbalance factor 
in a three-phase system, degree of unbalance expressed by the ratio (in per cent) of the RMS 
values of the negative sequence component (or the zero sequence component) to the positive 
sequence component of the fundamental component of the voltage or the electric current 

[SOURCE: IEC 60050-614:2016, 614-01-33] 

3.12  
harmonic order 
harmonic number 
the integral number given by the ratio of the frequency of a harmonic to the fundamental 
frequency 

[SOURCE: IEC 60050-161:1990, 161-02-19] 

3.13  
harmonic content 
the quantity obtained by subtracting the fundamental component from an alternating quantity 

[SOURCE: IEC 60050-161:1990, 161-02-21] 

3.14  
nth harmonic ratio 
ratio of the RMS value of the nth harmonic to that of the fundamental component 

[SOURCE: IEC 60050-161:1990, 161-02-20] 
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3.15  
total harmonic ratio 
THD 
total harmonic distortion 
ratio of the RMS value of the harmonic content to the RMS value of the fundamental component 
or the reference fundamental component of an alternating quantity 

Note 1 to entry: The total harmonic ratio depends on the choice of the fundamental component. If it is not clear 
from the context which one is used an indication should be given. 

Note 2 to entry: The total harmonic ratio can be restricted to a certain harmonic order. This is to be stated. 

[SOURCE: IEC 60050-551:2001, 551-20-13, modified – In the term, "factor" has been changed 
to "ratio", an equivalent term and an admitted term have been added; in the definition, "of an 
alternating quantity" has been replaced by "value of the fundamental component or the 
reference fundamental component of an alternating quantity" and note 2 to entry has been 
added.] 

3.16  
interharmonic frequency 
frequency which is a non-integer multiple of the reference fundamental frequency 

[SOURCE: IEC 60050-551:2001, 551-20-06] 

3.17  
voltage dip 
sudden voltage reduction at a point in an electric power system, followed by voltage recovery 
after a short time interval, from a few periods of the sinusoidal wave of the voltage to a few 
seconds 

[SOURCE: IEC 60050-614:2016, 614-01-08] 

4 Model category and modelling methodology 

4.1 Model category used for power quality assessment of distorting installations 

Power quality predictive evaluation procedure follows three stages (IEC TR 61000-3-6, 
IEC TR 61000-3-7, IEC TR 61000-3-13). User characteristics modelling differs with three stages 
of power quality assessment. For stage 1, no power quality evaluation or modelling is necessary. 
For stage 2, the simplified calculation method is used to evaluate the impact of equipment. For 
stage 3, assessment is generally carried out by power system simulation software. Three types 
of modelling methods are involved in stage 3, including: 

– frequency-domain modelling, with respect to simulations for analysis of harmonics, 
interharmonics and unbalance. 

– electromechanical time-domain modelling, with respect to electromechanical transient 
simulations for analysis of voltage dip/surge, fast voltage variation and flicker. 

– electromagnetic time-domain modelling of equipment such as power electronic converter, 
with respect to electromagnetic transient (EMT) simulations for analysis of harmonics and 
interharmonics. 

NOTE power quality simulations can be carried out based on load flow results in two ways: 

– "fast RMS time domain modelling method" for analysis of voltage dip/swell, fluctuation, flicker, etc. 

– "frequency domain modelling method" for analysis of harmonics, interharmonics and disturbances > 2 kHz, where 
all harmonic components are synchronized to fundamental voltages. 
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4.2 Model structure 

4.2.1 Power supply model 

To analyze voltage deviation, voltage fluctuation, flicker, and voltage dip, an equivalent power 
source model is recommended, as in Figure 1. The parameters in the equivalent Thevenin or 
Norton source circuit is recommended in Table 1. This model can be used to represent 
background voltage disturbances at point of common coupling (PCC) or point of connection 
(POC). 

 

Key 

Eoc  equivalent open-circuit voltage source (case Thevenin) 

Jsc equivalent short-circuit current source (case Norton) 

Zr, Zi source impedance in complex values 

Figure 1 – Equivalent power source model 

Table 1 – Example of representation/Template of the equivalent power source 

Case Thevenin equivalent circuit: 

Phase 
Open circuit voltage 

Eoc  
Short-circuit impedance 

real part Zr  
Short-circuit impedance 

image part Zi  

 V Ω Ω 

A    

B    

C    

Case Norton equivalent circuit: 

Phase 
Short-circuit current 

Jsc  
Source impedance real 

part Zr  
Source impedance image 

part Zi  

 A Ω Ω 

A    

B    

C    
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