IEC TR 61000-1-7

Edition 1.0 2016-02

TECHNICAL
REPORT

Electromagnetic compatibility (EMC) —
Part 1-7: General — Power factor in single-phase systems under non-sinusoidal
conditions

IEC TR 61000-1-7:2016-02(en)

Copyright Internat




IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 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.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@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 corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

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and withdrawn publications.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
also once a month by email.

Copyright International Electrotechnical Commission

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 20 000 terms and definitions in
English and French, with equivalent terms in 15 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, 86 and
CISPR.

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: csc@iec.ch.



IEC TR 61000-1-7

Edition 1.0 2016-02

TECHNICAL
REPORT

Electromagnetic compatibility (EMC) —
Part 1-7: General — Power factor in single-phase systems under non-sinusoidal
conditions

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 33.100.01 ISBN 978-2-8322-3196-8

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

® Registered trademark of the International Electrotechnical Commission
Copyright International Electrotechnical Commission



-2- IEC TR 61000-1-7:2016 © IEC 2016

CONTENTS

O T T @ 1 PP 4
LN @ 75 16 1 2 I 1 ] P 6
0.1 S BIIES OVEIVIBW oottt et et et e et e e e e e e eas 6
0.2 Purpose of this dOCUMENT ... ... e 6
1 S T oo o 1= P 8
2 NOIMAtIVE TEIEIENCES .. et e e et ea e ees 8
3 Terms and definifioNS ... e 8
N € 1= Y =Y = | 14
5  Electric power quantities under non-sinusoidal conditions .....................coo 15
5.1 Voltages and CUMTENES ... e 15
511 INStantan@ous ValUES ... e 15
5.1.2 Reference fundamental components..........ccooooiiiiiiiiciiii e 16
5.1.3 Total distortion contents ... 16
5.1.4 RMS values of the voltage and current ..o 16
5.1.5 RMS values of total distortion contents...........coooiiiiiiiiiii 17
5.1.6 [T O = 1o 1 PN 17
5.1.7 Total distortion ratios ... 17
5.2 INSTANTANEOUS POWET ..ot e et e 18
5.3 Definitions related to the active power ....... ..o 18
5.3.1 A IV POW T et 18
5.3.2 L o0 .Y 18
5.3.3 Fundamental active POWET........oeiriii e 19
5.3.4 Distortion active POWET .. .. ... 19
54 Definitions related to the apparent pOWer ...........ooiiiiiiiiiici e 19
5.4.1 AP PAIENT POWET ... it 19
5.4.2 Fundamental apparent POWET ...t 20
5.5 Definitions related to the power factor ..., 20
5.5.1 0T i - o (o P 20
5.5.2 Fundamental power factor....... ..o 21
5.5.3 Non-fundamental power factor............ccoiiiiiiii i 21
5.6 SUMIMIAIY ettt et et en 21

6  Electric power quantities with a sinusoidal voltage and a current distorted only
WIth aIMONICS o e 22
6.1 Voltages and CUMTENTS ... e e e e e 22
6.1.1 INStantan@ous ValUES ... e 22
6.1.2 Fundamental cComponents .........ooiiiiiii e 22
6.1.3 Harmonic content of the current ..o 23
6.1.4 RMS values of the voltage and current ... 23
6.1.5 RMS value of the harmonic content of the current.................ccooiiiin. 23
6.1.6 Total harmonic ratio of the current............ooiiiiii e, 24
6.1.7 Fundamental factor ... ... 24
6.2 INSTANTANEOUS POWET ... it 24
6.3 A IV POW BT . e e 24
6.4 Definitions related to the apparent pOWer ...... ..o 25
6.4.1 YN o] o= 1 =] a1 A o 111V7= ] PP 25

Copyright International Electrotechnical Commission



IEC TR 61000-1-7:2016 © IEC 2016 -3-

6.4.2 Fundamental apparent POWEr . ..o

6.5 Definitions related to the power factor ...
6.5.1 P oW faC Or o
6.5.2 Fundamental power factor........coooiiiii i
6.5.3 Non-fundamental power factor...........coviiii i

6.6 T80T 1= 1Y/ PP
Annex A (normative) Electric power quantities under sinusoidal conditions.........................
A1 Instantaneous values of the voltage and current ...,
A2 INSTANTANEOUS POWET ... e e
A.3 A IV POW T i e e
A.4 R aACHIVE POW T .. e
A.5 F N o] = 1 =] a1 T XY= PPN
A.6 P OWET fACTOT .o
Annex B (informative) Fundamental active factor..............cooiiiiiiiii i
B.1 Fundamental active factor and its US€ .........ccooiiiiiiiiii e,
B.2 COoNSUMETr CONVENTION .eii e e aees

=71 o] ToTo | =1 o] 0 Y2 PPN

Figure A.1 — lllustration of the displacement angle (¢) when the voltage leads the
(o104 =Y o) S PP

Figure A.2 — lllustration of the displacement angle (¢) when the voltage lags the
LoT U1 1= 0 SR

Figure B.1 — Consumer sign convention of the fundamental active factor, fundamental
active power and fundamental reactive POWEr ..o

Table 1 — Summary of the power quantities under non-sinusoidal conditions .......................

Table 2 — Summary of the power quantities with a sinusoidal voltage and a current
distorted only With RarmMONICS ... e r e a e

Copyright International Electrotechnical Commission



1)

5)

6)

7)

8)

9)

-4 - IEC TR 61000-1-7:2016 © IEC 2016

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 1-7: General — Power factor in single-phase systems
under non-sinusoidal conditions

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 61000-1-7, which is a Technical Report, has been prepared by subcommittee 77A:
EMC - Low frequency phenomena, of IEC technical committee 77: Electromagnetic
compatibility.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
77A/911/DTR 77A/920/RVC

Full information on the voting for the approval of this technical report 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.

A list of all parts in the IEC 61000 series, published under the general title Electromagnetic
compatibility (EMC), 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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

0.1 Series overview

IEC 61000 is published in separate parts, according to the following structure:
Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description levels

Classification of the environment

Compatibility levels

Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the responsibility of the product
committees)

Part 4: Testing and measurement techniques
Measurement techniques

Testing techniques

Part 5: Installation and mitigation guidelines
Installation guidelines

Mitigation methods and devices

Part 6: Generic standards

Part 9: Miscellaneous

Each part is further subdivided into sections which are to be published either as international
standards, technical specifications, or as technical reports.

These standards and reports will be published in chronological order and numbered
accordingly (for example, 61000-6-1).

0.2 Purpose of this document

The prevalence of loads drawing non-sinusoidal current from power systems requires
clarification of such concepts as power and power factor, in order to avoid confusion due to
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implied assumptions of sinusoidal voltage and current. This document specifically addresses
the terms related to the power factor of equipment that are applicable regardless of the
voltage and current waveforms.

When voltages and currents on power supply networks are perfectly sinusoidal, cos ¢
corresponds to the power factor. But this is not true anymore when electric quantities are
distorted. In some existing documents, cos ¢ is still used as power factor, leading to an
incorrect assessment of the equipment impact to supply networks.

The purpose of this Technical Report is to give clear information on both components in the
power factor:

e the fundamental power factor, which is due to the phase difference between the voltage
and current at the fundamental frequency (cos ¢4), and

e the non-fundamental power factor, which is related to the distortion of the voltage and/or
current.

Copyright International Electrotechnical Commission
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 1-7: General — Power factor in single-phase systems
under non-sinusoidal conditions

1 Scope

This part of IEC 61000, which is a Technical Report, provides definitions of various electrical
power quantities and the relationship between them under non-sinusoidal conditions, in order
to give clear information on both components in the power factor: the fundamental power
factor, which is due to the phase difference between the voltage and current at the
fundamental frequency, and the non-fundamental power factor, which is related to the
distortion of the voltage and/or current. This Technical Report is applicable only to single-
phase systems.

This Technical Report provides definitions for the three following cases:

o the general case where the voltage and current are both distorted (Clause 5),

e the case where the voltage is assumed to be sinusoidal and the current is only distorted
with harmonic components (Clause 6),

e the particular case where the voltage and current are both sinusoidal (Annex A).

Annex B gives information on the fundamental active factor, which is used to describe the
behaviour of a piece of equipment as a load or a generator.

2 Normative references

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.

Void.

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

3.1

root-mean-square value

r.m.s. 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

Note 1 to entry: The root-mean-square value of a periodic quantity is usually taken over an integration interval
the range of which is the period multiplied by a natural number.

Note 2 to entry: For a sinusoidal quantity a(r) = Acos(wt +9;), the root-mean-square value is 4 = AN2.

Note 3 to entry: The root-mean-square value of a quantity may be denoted by adding one of the subscripts eff or
rms to the symbol of the quantity.
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Note 4 to entry: In electrical technology, the root-mean-square values of electric current i(r) and voltage u(t)are
usually denoted 7 and U, respectively.

[SOURCE: IEC 60050-103:2009, 103-02-03]

3.2
direct component
mean value of a quantity taken over a given time interval

[SOURCE: IEC 60050-103:2009, 103-06-05, modified — definition extended to quantities
containing interharmonic components.]

3.3

sinusoidal, adj.

pertaining to an alternating quantity represented by the product of a real constant and a sine
or cosine function whose argument is a linear function of the independent variable

Note 1 to entry: The real constant may be a scalar, vector or tensor quantity.
Note 2 to entry: Examples are a(r) = Acos(wt +9y) and a(x) = Acos[k(x —xg)]-

[SOURCE: IEC 60050-103:2009, 103-07-01]

3.4

initial phase

phase angle

Jo

value of the phase of a sinusoidal quantity when the value of the independent variable is zero

Note 1 to entry: For the quantity a(r) = Acos(wt +9,), the initial phase is 4.

[SOURCE: IEC 60050-103:2009, 103-07-05]

3.5

periodic conditions

state of an electric circuit element or electric circuit that is characterized by the electric
currents and voltages all being periodic functions of time with the same period T

[SOURCE: IEC 60050-131:2002, 131-11-27, modified — addition of symbol T for the period.]

3.6

sinusoidal conditions

state of a linear electric circuit element or electric circuit that is characterized by the electric
currents and voltages all being sinusoidal functions of time with the same frequency

[SOURCE: IEC 60050-131:2002, 131-11-28]

3.7
instantaneous power

P
for a two-terminal element or a two-terminal circuit with terminals A and B, product of the
voltage u, 5 between the terminals and the electric current i in the element or circuit

p(2) = upg(1)-i(1)

where u,p is the line integral of the electric field strength from A to B, and where the electric
current in the element or circuit is taken positive if its direction is from A to B and negative if
its direction is from B to A
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Note 1 to entry: The direction of electric current is as defined in IEC 60050:2002, 131-11-29.

Note 2 to entry: In circuit theory the electric field strength is generally non-rotational and thus u,, =v, — v
where v, and v, are the electric potentials at terminals A and B, respectively.

B’

Note 3 to entry: The coherent Sl unit of instantaneous power is watt, W.

Note 4 to entry: A two-terminal element or circuit refers to a single-phase equipment or system.

[SOURCE: IEC 60050-131:2013, 131-11-30, modified — in note 2, the term irrotational is
replaced by non-rotational and a new note 4 has been added.]

3.8

apparent power

S

product of the r.m.s. voltage U between the terminals of a two-terminal element or two-
terminal circuit and the r.m.s. electric current 7 in the element or circuit

S=Ul

Note 1 to entry: The coherent Sl unit for apparent power is voltampere, VA.

Note 2 to entry: A two-terminal element or circuit refers to a single-phase equipment or system.

[SOURCE: IEC 60050-131:2013, 131-11-41, modified — the existing note 1 has been removed
and a note 2 has been added.]

3.9

active power

P

under periodic conditions, mean value, taken over one period 7, of the instantaneous power

p()

1 ¢T
P=— t)dt
T.[op()

Note 1 to entry: The coherent Sl unit for active power is watt, W.

Note 2 to entry: When the voltage or current contain interharmonic components, often their waveforms are no
more periodic. In this document, the active power is approximated by the mean value of the instantaneous power,
taken over an integer number of periods of the a.c. power supply system (see 5.3.1 and 5.1.4). This definition is
also used under periodic conditions in this document (see 6.3 and Clause A.3).

[SOURCE: IEC 60050-131:2013, 131-11-42, modified — the existing note 1 has been removed
and a note 2 has been added.]

3.10

non-active power

QN

for a two-terminal element or a two-terminal circuit under periodic conditions, quantity equal
to the square root of the difference of the squares of the apparent power S and the active
power P

O~= [¢2_ p2

Note 1 to entry: The coherent Sl unit for non-active power is voltampere, VA. The special name "var" and its
symbol "var" are also used. See IEC 60050-131:2013, 131-11-45.

Note 2 to entry: A two-terminal element or circuit refers to a single-phase equipment or system.

[SOURCE: IEC 60050-131:2013, 131-11-43, modified — the existing note 1 has been removed
and a note 2 has been added.]
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3.1
reactive power

0

for a linear two-terminal element or two-terminal circuit, under sinusoidal conditions, quantity
equal to the product of the apparent power S and the sine of the displacement angle ¢

0 = Ssing

Note 1 to entry: The coherent Sl unit for reactive power is voltampere, VA. The special name var and its symbol
var are also used. See |I[EC 60050-131:2013, 131-11-45.

Note 2 to entry: A two-terminal element or circuit refers to a single-phase equipment or system.
Note 3 to entry: When the conditions are not sinusoidal, there is no international consensus on a definition of the

reactive power. Instead, several definitions of the reactive power exist. In some documents, the reactive power is
taken as the non-active power, but there are many other formulae.

[SOURCE: IEC 60050-131:2013, 131-11-44, modified — the existing note 1 has been removed
and notes 2 and 3 have been added.]

3.12
power factor
A
ratio of the absolute value of the active power P to the apparent power §
17
A=t
S

Note 1 to entry: Under sinusoidal conditions, the power factor is the absolute value of the active factor.

[SOURCE: IEC 60050-131:2002, 131-11-46, modified — definition extended to quantities
containing interharmonic components.]

3.13
displacement angle
phase difference angle

®
under sinusoidal conditions, phase difference between the voltage applied to a linear two-

terminal element or two-terminal circuit and the electric current in the element or circuit

Note 1 to entry: The cosine of the displacement angle is the active factor.

Note 2 to entry: A two-terminal element or circuit refers to a single-phase equipment or system.

[SOURCE: IEC 60050-131:2002, 131-11-48, modified — a note 2 has been added.]

3.14

active factor

for a two-terminal element or a two-terminal circuit under sinusoidal conditions, ratio of the
active power to the apparent power

Note 1 to entry: The active factor is equal to the cosine of the displacement angle, and can vary from -1 to +1.

Note 2 to entry: A two-terminal element or circuit refers to a single-phase equipment or system.

[SOURCE: IEC 60050-131:2002, 131-11-49, modified — a note 2 has been added.]

3.15

fundamental component

fundamental

sinusoidal component of the Fourier series of a periodic quantity having the frequency of the
quantity itself
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[SOURCE: IEC 60050-103:2009, 103-07-19]

3.16

reference fundamental component

conventionally chosen sinusoidal component of a quantity, to the frequency of which all the
other components are referred

Note 1 to entry: The term is used when, for a periodic quantity, the chosen component differs from the
fundamental component, or when the quantity is not periodic due to interharmonic components.

Note 2 to entry: In this document, the component having the frequency of the a.c. supply system is chosen as the
reference fundamental component.

[SOURCE: IEC 60050-103:2009, 103-07-20, modified — definition extended to quantities
containing interharmonic components and a note 2 added.]

3.17
fundamental frequency
frequency of the fundamental component of a periodic quantity

[SOURCE: IEC 60050-103:2009, 103-07-21]

3.18
reference fundamental frequency
frequency of the reference fundamental component

Note 1 to entry: The term is used when, for a periodic quantity, the reference fundamental component differs from
the fundamental component, or when the quantity is not periodic due to interharmonic components.

[SOURCE: IEC 60050-103:2009, 103-07-22, modified — definition extended to quantities
containing interharmonic components.]

3.19

harmonic frequency

frequency which is an integer multiple greater than one of the fundamental frequency or of
the reference fundamental frequency

Note 1 to entry: When a reference fundamental frequency is defined, it is used in place of the fundamental
frequency.

Note 2 to entry: In this document, the harmonic frequencies are always related to the frequency of the a.c. power
supply system.

[SOURCE: IEC 60050-551:2001, 5651-20-05, modified — addition of notes 1 and 2.]

3.20
interharmonic frequency
frequency which is a non-integer multiple of the reference fundamental frequency

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

3.21
harmonic component
sinusoidal component of a quantity having a harmonic frequency

[SOURCE: IEC 60050-551:2001, 551-20-07, modified — definition extended to quantities
containing interharmonic components.]
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3.22
interharmonic component
sinusoidal component of a quantity having an interharmonic frequency

[SOURCE: IEC 60050-551:2001, 551-20-08, modified — definition extended to quantities
containing interharmonic components.]

3.23

harmonic order

ratio of the frequency of any sinusoidal component to the fundamental frequency or the
reference fundamental frequency

Note 1 to entry: The harmonic order of the fundamental component or the reference fundamental component is
one.

Note 2 to entry: When a reference fundamental frequency is defined, it is used in place of the fundamental
frequency.

[SOURCE: IEC 60050-551:2001, 551-20-09, modified — addition of note 2.]

3.24

total distortion content

quantity obtained by subtracting from a quantity its direct component and its fundamental
component or its reference fundamental component

Note 1 to entry: The total distortion content includes harmonic components and interharmonic components if any.

Note 2 to entry: When a reference fundamental frequency is defined, the reference fundamental component is
used in place of the fundamental component.

Note 3 to entry: The total distortion content is a time function.

[SOURCE: IEC 60050-551:2001, 551-20-11, modified — definition extended to quantities
containing interharmonic components and note 4 deleted.]

3.25
harmonic content
sum of the harmonic components of a quantity

Note 1 to entry: The harmonic content is a time function.

[SOURCE: IEC 60050-551:2001, 551-20-12, modified — definition extended to quantities
containing interharmonic components and notes 2 and 3 deleted.]

3.26

total harmonic ratio

total harmonic distortion

THD

ratio of the r.m.s. value of the harmonic content to the r.m.s. value of the fundamental
component or the reference fundamental component of a quantity

Note 1 to entry: When a reference fundamental frequency is defined, the reference fundamental component is
used in place of the fundamental component.

Note 2 to entry: The total harmonic ratio can be approximated by limiting the calculation up to a certain harmonic
order.

[SOURCE: IEC 60050-551:2001, 551-20-13, modified — definition extended to quantities
containing interharmonic components.]
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3.27

total distortion ratio

ratio of the r.m.s. value of the total distortion content to the r.m.s. value of the fundamental
component or the reference fundamental component of a quantity

Note 1 to entry: When a reference fundamental frequency is defined, the reference fundamental component is
used in place of the fundamental component.

Note 2 to entry: The total distortion ratio can be approximated by limiting the calculation up to a certain harmonic
order.

[SOURCE: IEC 60050-551:2001, 551-20-14, modified — definition extended to quantities
containing interharmonic components.]

3.28

fundamental factor

ratio of the r.m.s. value of the fundamental component or the reference fundamental
component to the r.m.s. value of a quantity

Note 1 to entry: When a reference fundamental frequency is defined, the reference fundamental component is
used in place of the fundamental component.

[SOURCE: IEC 60050-551:2001, 551-20-17, modified — definition extended to quantities
containing interharmonic components.]

4 General

This Technical Report provides definitions of various electrical power quantities and the
relationship between them, when a voltage u(z) is applied to a single-phase equipment or
system, i(¢) being the current flowing in the equipment or system.

The following cases are considered:

¢ In Clause 5, the general case is described. The voltage and current are both distorted and
can contain d.c., harmonic and interharmonic components.

e In Clause 6, the voltage is assumed to be sinusoidal and the current is only distorted with
harmonic components.

e In Annex A, the voltage and current are both sinusoidal.

In this document, the reference fundamental frequency is the frequency of the a.c. supply
power system (assumed to be constant, but not necessarily equal to the rated value of 50 Hz
or 60 Hz) and all harmonic or interharmonic frequencies are related to this frequency.

In the particular case where the voltage is sinusoidal and the current does not contain
interharmonic components, these quantities are periodic and their fundamental frequency is
equal to the frequency of the a.c. power supply system. Therefore, the term "reference
fundamental frequency" is replaced by the term "fundamental frequency" in Clause 6 and
Annex A.

In this Technical Report, the harmonic order of harmonic or interharmonic components is not
limited. But, in practical applications, the harmonic order may be limited to a specified order
hmax- Usually, k5, is equal to 40 or 50.

NOTE #_.. can be as low as 15 for performance measurement and monitoring devices (PMDs) defined by
IEC 61557-12.
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5 Electric power quantities under non-sinusoidal conditions

5.1 Voltages and currents
51.1 Instantaneous values

For steady-state conditions, the non-sinusoidal instantaneous value of the voltage or current
is the sum of a d.c. component, a sinusoidal component at the power system frequency and
sinusoidal components at harmonic or interharmonic frequencies.

u(t)=Ug + U2 -sin(ot + )+ Y. U, "2 - sin(mer + a,,)

m>0
m=1

i(t) = [O+11\/§ sma)t+ﬁ1 Z[ V2 -sin ma)t+,8m)

m>0
m#1

where

u(?) is the instantaneous value of the voltage at time

Uy s the d.c. component of the voltage;

U, is the r.m.s. value of the reference fundamental component of the voltage;

1) is the angular frequency corresponding to the reference fundamental frequency;
t is the time;

ay is the initial phase of the reference fundamental component of the voltage;

m is the harmonic order (m is a positive real number different from 0 and 1. It is an integer
number for harmonic components and a non-integer number for interharmonic
components);

U, isthe r.m.s. value of the voltage harmonic or interharmonic component of order m;

a, is the initial phase of the voltage harmonic or interharmonic component of order m;

i(t) is the instantaneous value of the current at time ¢;

Iy is the d.c. component of the current;

I is the r.m.s. value of the reference fundamental component of the current;

B is the initial phase of the reference fundamental component of the current;

I is the r.m.s. value of the current harmonic or interharmonic component of order m;
B, s the initial phase of the current harmonic or interharmonic component of order m.

The non-sinusoidal instantaneous value of the voltage or current can also be written as the
sum of three terms:

u(t)=Ug +u (1) +up (1)

(1) =1y +i1 (1) +ip(?)

where

u4(?) is the reference fundamental component of the voltage at time ¢ (see 5.1.2);
up(?) is the total distortion content of the voltage at time ¢ (see 5.1.3);

i1(#) is the reference fundamental component of the current at time ¢ (see 5.1.2);
ip(?) is the total distortion content of the current at time 7 (see 5.1.3).
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5.1.2 Reference fundamental components

The reference fundamental component of the voltage (current) is defined as the sinusoidal
component of the voltage (current) having the frequency of the a.c. power supply system:

141(2‘) = U1\/§ . Sin(a)t + (21)

i(r) = 112 - sin(er + f)

5.1.3 Total distortion contents
The total distortion content of the voltage (current) is obtained by subtracting the direct

component and the reference fundamental component from the instantaneous value of the
voltage (current):

up (@)= u(®)-Ugy —u(?)
ip(t)= i(t)—1Iy—i;(t)

Therefore, according to 5.1.1:

up(t) = ZUmx/E~sin(ma)t+am)
m>0
m#l

ip() = ZImx/E-sin(maJt +ﬂm)
m>0
m#1

51.4 RMS values of the voltage and current

In this document, the r.m.s. value of the voltage U (current /) is defined as the positive
square root of the mean value of the square of the voltage (current) taken over an integer
number of periods of the a.c. power supply system:

where
T is the reciprocal of the reference fundamental frequency;
k is an integer number;

T is the time when the measurement starts.

NOTE |If the voltage and current are only distorted with harmonic components, then a measurement time interval
kT enables the correct measurement of r.m.s. and power values. If the voltage or the current contain interharmonic
components, r.m.s. and power values are incorrectly measured, unless the measurement time interval k7 includes
an integer number of the period of each interharmonic component. For practical situations when the bulk of the
power is carried by the reference fundamental components, such errors are small. The larger the measurement
time interval kT, the less significant the errors caused by interharmonic components become. For more
information, see IEEE Std 1459-2010. Practical methods to evaluate signals that contain interharmonics or
fluctuating components are presented in the future IEC TR 61000-4-40.
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These quantities are the sum of several terms:

2 2 2 2
U =U0 +U1 +UD

2 _ 42 2 2
I _10+I1 +ID

where

Uy is the d.c. component of the voltage;

U, isthe r.m.s. value of the reference fundamental component of the voltage;
Up is the r.m.s. value of the total distortion content of the voltage (see 5.1.5);
Iy is the d.c. component of the current;

I is the r.m.s. value of the reference fundamental component of the current;

Ip is the r.m.s. value of the total distortion content of the current (see 5.1.5).
5.1.5 RMS values of total distortion contents

According to the definition given in 5.1.3, the r.m.s. value of the total distortion content of the
voltage (current) is defined as follows:

2 _ 772 2 2
v =vu?-U2-U:
2 _ 42 2 2
12=12-12-1

According to 5.1.3, these quantities are also given by:

v3- Y3

m>0
m#1

13-y

m>0
m#1

5.1.6 DC ratios

The d.c. ratio of the voltage DCR; (current DCR)) is defined as the ratio of its d.c. component
to the r.m.s. value of its reference fundamental component:

U
DCR = —%
Uy
DCR, = To
I

51.7 Total distortion ratios

The total distortion ratio of the voltage TDR( (current TDR)) is defined as the ratio of the
r.m.s. value of its total distortion content to the r.m.s. value of its reference fundamental
component:
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TDRy =20
Uy
I

TDR, = 2
14

NOTE |If there is no interharmonic component, the total distortion ratio is equal to the total harmonic ratio THD
(also called total harmonic distortion). See 6.1.6.

5.2 Instantaneous power

According to definition 3.7, the instantaneous power p(¢) is defined as the product of the
voltage u(¢) and the electric current i(z):

p@) =u(®)-it)

5.3 Definitions related to the active power
5.3.1 Active power

When the voltage or current contain interharmonic components, often their waveforms are no
longer periodic. In that case, an approximation of the active power P is the mean value, taken
over an integer number of periods kT, of the instantaneous power p(¢):

T+kT

P= jp(z)dt

T
NOTE See also the note in 5.1.4.
The active power is the sum of several components:

P= Uply +Uslicos gy + ZUmlm cos ¢,

m>0
m#1

where

¢,, isthe phase angle between the voltage and current components of order m.
P = Ay _'lZn
The active power can also be written as the sum of three terms:

P:P0+P1+PD

where
Py isthe d.c. power (see 5.3.2);
Py is the fundamental active power (see 5.3.3);

Pp s the distortion active power (including harmonic and interharmonic power) (see 5.3.4).
5.3.2 DC power

The d.c. power P, is defined as the product of the direct component of the voltage and the
direct component of the current:

Pqy = Uply
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5.3.3 Fundamental active power

The fundamental active power P, is defined as the mean value, taken over an integer number
of periods kT, of the product of the reference fundamental components of the voltage u4(7)
and the current i;(¢):

T+kT

A [o4(2) - (1)) at

kT

T
The fundamental active power is also given by:
P1 = U1]1COS(|)1

5.3.4 Distortion active power
The distortion active power Pp is obtained by subtracting the d.c. power Py and the

fundamental active power P, from the active power P:

PD:P_PO_P1

According to 5.3.1, the distortion active power is also given by:

Ry= Y U,l,cosg,
m>0
m#1

5.4 Definitions related to the apparent power
5.4.1 Apparent power

The apparent power S is defined as the product of the r.m.s. value of the voltage U and the
r.m.s. value of the electric current I

S=U-1

NOTE The apparent power corresponds to the maximum active power that can be transmitted to a load or system
through a given line, while keeping the r.m.s. value of the voltage constant and the line losses constant. This
maximum value of active power is obtained when the load or system is supplied with in phase sinusoidal voltage
and current.

Using the separation of the r.m.s. voltage and current into their main components (see 5.1.4),
the apparent power can also be written as follows:

52 = (U§ +U? + Ué)x (13 + 17 +1§)

5?2 = (U4 P % [1 +(Us 14 F +(Up /U1)2J>< [1+ (Io/ b + (Ip /11)2J

S= §4x J1 + DCR3 + TDR§ x J1 + DCR? + TDR?

where
S is the apparent power;
Sy is the fundamental apparent power (see 5.4.2);

DCRy, is the d.c. ratio of the voltage;
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TDR, is the total distortion ratio of the voltage;
DCR, is the d.c. ratio of the current;

TDR, is the total distortion ratio of the current.
5.4.2 Fundamental apparent power

The fundamental apparent power S, is defined as the product of the r.m.s. values of the
reference fundamental component of the voltage U,; and the reference fundamental
component of the current 7;:

S1 =U1[1

As for the particular case where the voltage and current are both sinusoidal, the fundamental
apparent power has two components:

2 52, A2
Sy = P +0;

where
P, is the fundamental active power;
0, is the fundamental reactive power.

P1 = U1[1 COs ¢

01 = Uqlqsing,

5.5 Definitions related to the power factor
5.5.1 Power factor

As under periodic conditions, the power factor 1 is defined as the ratio of the absolute value
of the active power P to the apparent power S:

NOTE Since the apparent power is the maximum active power that can be transmitted to a load or system
through a given line (see 5.4.1), the power factor is a utilization factor indicator.

Using the separation of the active power and apparent power into their main components
(see 5.3.1 and 5.4.1), the power factor can be written as follows:

|B|x1+ (R R)+ (R / B)

l =
Sy x J1 + DCR3 + TDRE x J1 + DCR? + TDR?

So, the power factor can be written as the product of two factors:
A= AN

where
44 is the fundamental power factor (see 5.5.2);

AN is the non-fundamental power factor (see 5.5.3).
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5.5.2 Fundamental power factor

The fundamental power factor i, is defined as the ratio of the absolute value of the
fundamental active power P, to the fundamental apparent power S;:

P
-kl
1

According to 5.4.2, the fundamental power factor is also given by:
4 :|cosgo1|

The fundamental power factor only refers to fundamental quantities.

NOTE The fundamental power factor is sometimes called displacement factor or displacement power factor.
5.5.3 Non-fundamental power factor

The non-fundamental power factor iy is defined as the ratio of the power factor i to the
fundamental power factor 4:

Therefore, according to 5.5.1 and 5.5.2:

|1+(P0 1 P)+(Py /P1)|

AN

\/1 + DCR + TDR} x \/1 + DCR? + TDR?

The non-fundamental power factor only refers to non-fundamental quantities: direct, harmonic
and interharmonic components.

5.6 Summary

The definitions related to power quantities or indicators given in 5.3 to 5.5 are summarized in
Table 1.

Table 1 - Summary of the power quantities under non-sinusoidal conditions

Quantity or indicator Combined Fundamental Non-fundamental
Apparent power S S
! \(S?% - 87
(VA) (VA)
(VA)
Active power P P, Py + Pp
(W) (W)
(W)
Non active power 0
2 2 1 2 2
S -P \/S - St — (R +
(van) ?-(R+mF
(var) (var)

Power factor 1= |P|/S Ay = |COS (/)1| Ay =414
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6 Electric power quantities with a sinusoidal voltage and a current distorted
only with harmonics

6.1 Voltages and currents
6.1.1 Instantaneous values

In Clause 6, the voltage is assumed to be sinusoidal (this assumption can be made with a
small error on power quantities when TDR, < 5 %; for more information, see 6.1.4, 6.3, 6.4.1
and 6.5.1) and the current assumed to have no d.c. component and to be distorted only with
harmonic components. In this case, the reference fundamental frequency, which is the
frequency of the a.c. power supply system, is equal to the fundamental frequency of the
Fourier series. For steady-state conditions, the instantaneous values of the voltage and
current are defined as follows:

u(t) = U1\/§ . Sin(a)t + (11)

i(r) = I1V2 - sin(er + 1)+ . 1,2 -sin(her + £,)
h=2
where
u(t) is the instantaneous value of the voltage at time ;
U, isthe r.m.s. value of the voltage;

1) is the angular frequency corresponding to the fundamental frequency;
t is the time;
aq is the initial phase of the voltage;

i(t) is the instantaneous value of the current at time ¢;

I is the r.m.s. value of the fundamental component of the current;
B is the initial phase of the fundamental component of the current;
h is the harmonic order (4 is an integer number);

I, is the r.m.s. value of the current harmonic component of order #;

B, is the initial phase of the current harmonic component of order 4.

The instantaneous value of the voltage or current can also be written as follows:
u(t) =u(r)

(1) = i4(1) + i (1)

where
uq(?) is the fundamental component of the voltage at time ¢ (see 6.1.2);
i1(#) is the fundamental component of the current at time ¢ (see 6.1.2);

iy(?) is the harmonic content of the current at time ¢ (see 6.1.3).
6.1.2 Fundamental components
The fundamental component of the voltage (current) is defined as the sinusoidal component

of the Fourier series of the voltage (current) having the frequency of the a.c. power supply
system:

I/t1(t) = U»]\/E . Sin(a)t + a1)
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in(t) = I12 - sin(ot + By)

6.1.3 Harmonic content of the current

The harmonic content of the current is defined as the sum of the harmonic components of the
current:

W) = ilhﬁ -sin(hat + B,)

h=2

6.1.4 RMS values of the voltage and current

The r.m.s. value of the voltage U (current /) is defined as the positive square root of the mean
value of the square of the voltage (current) taken over an integer number of periods of the
a.c. power supply system:

where

T is the reciprocal of the fundamental frequency;
k is an integer number;

T is the time when the measurement starts.

These quantities can also be written as follows:

U=U4
2 _ g2 42
1% =15 +15
where
I, is the r.m.s. value of the fundamental component of the current;

1 is the r.m.s. value of the harmonic content of the current (see 6.1.5).

H

NOTE The above formula, assuming that the voltage is sinusoidal, yields an error less than 0,15 % on the r.m.s.
value of the voltage U, when TDR; < 5 %.

6.1.5 RMS value of the harmonic content of the current

The r.m.s. value of the harmonic content of the current 7,y can be written as follows:

2 2 2
I =17 -1

According to 6.1.3, this quantity is also given by:
2 N2
Iy = th

h=2
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6.1.6 Total harmonic ratio of the current

The total harmonic ratio (also called total harmonic distortion) of the current THD, is defined
as the ratio of the r.m.s. value of its harmonic content to the r.m.s. value of its fundamental
component:

6.1.7 Fundamental factor

The fundamental factor of the current g, is defined as the ratio of the r.m.s. value of its
fundamental component to the r.m.s. value of the current itself:

I
81=7

According to 6.1.4 and 6.1.6, the fundamental factor is also given by:

1

6.2 Instantaneous power

The instantaneous power p(z) is still defined as the product of the voltage u(¢) and the electric
current i(7):

p(t) = u(t)-i(z)

6.3 Active power

The active power P is defined as the mean value, taken over an integer number of periods kT,
of the instantaneous power p(¢):

T+kT
P=— 1) dt
= [ p)

T

In the case where the voltage waveform is sinusoidal, the active power reduces to its
fundamental component:

P= LH]1COS¢H
where
?1 is the phase angle between the fundamental voltage and current components.
P1=01- P

NOTE The above formula, assuming that the voltage is sinusoidal, yields an error less than a few per cent on the
value of the active power P, when TDR; < 5 %. This error is highly dependent on the harmonic content of the
current. It is generally less than 1 %, but can exceed 5 % in some exceptional cases.
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6.4 Definitions related to the apparent power
6.4.1 Apparent power

The apparent power S is still defined as the product of the r.m.s. value of the voltage U and
the r.m.s. value of the electric current I

S=U-1

NOTE 1 The apparent power corresponds to the maximum active power that can be transmitted to a load or
system through a given line, while keeping the r.m.s. value of the voltage constant and the line losses constant.
This maximum value of active power is obtained when the load or system is supplied with a sinusoidal current in
phase with the voltage.

Using the separation of the r.m.s. current into its main components (see 6.1.4), the apparent
power can also be written as follows:

52 = v2.12 + 12

S= S4-1+THD?

where
S is the apparent power;
Sy is the fundamental apparent power (see 6.4.2);

THD, is the total harmonic ratio of the current.

NOTE 2 The above formula, assuming that the voltage is sinusoidal, yields an error less than 0,15 % on the value
of the apparent power S, when TDR; <5 %.

6.4.2 Fundamental apparent power

The fundamental apparent power S, is defined as the product of the r.m.s. values of the
fundamental component of the voltage U, and the fundamental component of the current /;:

Sy = Ul

As for the particular case where the voltage and current are both sinusoidal, the fundamental
apparent power has two components.

2 _ 52,12
Sy = P +0;

where
P, is the fundamental active power (which is equal to the active power in this case);

0, is the fundamental reactive power.

P = Ujlycos ¢

01 = Uylqsing,

6.5 Definitions related to the power factor
6.5.1 Power factor

The power factor 1 is still defined as the ratio of the absolute value of the active power P to
the apparent power S:
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Pl
S

NOTE 1 Since the apparent power is the maximum active power that can be transmitted to a load or system
through a given line (see 6.4.1), the power factor is a utilization factor indicator.

According to 6.3, 6.4 and 6.1.7, the power factor can be written as follows:

Uilicospq|
=g '|COS(01|
Usly -y[1+ THD?

In this case, the power factor can still be written as the product of two factors:

A=

ﬂy: ﬂ’lﬂ’N

where
2 is the fundamental power factor (see 6.5.2);
AN is the non-fundamental power factor (see 6.5.3).

NOTE 2 The above formulae, assuming that the voltage is sinusoidal, yield errors less than a few per cent on the
values of the power factor 4 and the non-fundamental power factor 1, (see 6.5.3), when TDR, < 5 %. This error is
highly dependent on the harmonic content of the current. It is generally less than 1 %, but can exceed 5 % in some
exceptional cases.

6.5.2 Fundamental power factor

The fundamental power factor 1, is still defined as the ratio of the absolute value of the
fundamental active power P, to the fundamental apparent power S;:

A
L]
S$1
The fundamental power factor is also given by:
M =|cos g

NOTE The fundamental power factor is sometimes called displacement factor or displacement power factor.
6.5.3 Non-fundamental power factor

The non-fundamental power factor 1y is still defined as the ratio of the power factor 1 to the
fundamental power factor 1,:

Therefore:

1

IN=8 =
1+ THD);

In this case, the non-fundamental power factor is equal to the fundamental factor of the
current.
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NOTE See also Note 2 in 6.5.1.
6.6 Summary

The definitions related to power quantities or indicators given in 6.3 to 6.5 are summarized in

Table 2.
Table 2 — Summary of the power quantities with a sinusoidal
voltage and a current distorted only with harmonics
Quantity or indicator Combined Fundamental Non-fundamental
Apparent power S S
1 N
(VA) (VA)
(VA)
Active power P P, 0
(W) (W)
Non active power ]
S2 _ P2 1 S2 _ S12
(var)
(var) (var)
Power factor 1= |P|/S Ay = |COS(01| 3 g 1
N = I = ——
1+ THD?
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Annex A
(normative)

Electric power quantities under sinusoidal conditions

A.1 Instantaneous values of the voltage and current

In Annex A, the case of a linear load supplied by a sinusoidal voltage source is considered.
The current flowing through the load is thus also sinusoidal. The instantaneous values of the
voltage and current can be defined as follows:

u(t)=U2 -sin(et + p)

i(r) = IN2 -sin(ar)

where

u(t) is the instantaneous value of the voltage at time ¢;

U is the r.m.s. value of the voltage;

1) is the angular frequency corresponding to the fundamental frequency;

t is the time;

® is1th)e initial phase of the voltage (in Annex A, ¢ is also the displacement angle; see
3.13);

i(r) is the instantaneous value of the current at time 7,

! is the r.m.s. value of the current;

The voltage leads the current when ¢ > 0 and lags the current when ¢ < 0 (see Figures A.1
and A.2).

N ()

~V¥

IEC

Figure A.1 — lllustration of the displacement angle (¢)
when the voltage leads the current, ¢ > 0
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Figure A.2 - lllustration of the displacement angle (¢)

when the voltage lags the current, 9 <0

A.2 Instantaneous power

The instantaneous power p(¢) is defined as the product of the instantaneous values of the
voltage u(¢) and the current i(¢):

p(t) = u(r) - i(2)

When the voltage and current are both sinusoidal, the instantaneous power can be written as
the sum of two components:

p(1) = pa(t) + py(?)
where

pa(t) is the instantaneous active power;

pq(t) is the instantaneous reactive power.

palt) =P -[1-cos(2r)] with P =Ul cos ¢
pq(t)=0 - sin(2wr) with Q=UIsing

The instantaneous active power is produced by the active component of the current (i.e. the
component that is in phase with the voltage). This component is always positive, so the
corresponding energy flows unidirectionally from the source to the load.

The instantaneous reactive power is produced by the reactive component of the current (i.e.
the component that is in quadrature with the voltage). This component oscillates and
corresponds to the electromagnetic energy stored within the magnetic field of inductors and
the electric field of capacitors in the load, which is exchanged with the source twice a period.
The average value of the instantaneous reactive power is zero and the net transfer of the
corresponding energy to the load is zero, but these power oscillations cause additional power
losses in the network conductors.
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A.3 Active power

The active power P is defined as the mean value, taken over an integer number of periods kT,
of the instantaneous power p(?):

T+kT

1
P=— t) dt
= [0
T

where
T is the reciprocal of the fundamental frequency;
k is an integer number;

t is the time when the measurement starts.

Under sinusoidal conditions, the active power is also given by:

P = Ulcosg

A.4 Reactive power

Under sinusoidal conditions, the reactive power Q is defined as the quantity equal to the
product of the apparent power S (see Clause A.5) and the sine of the displacement angle ¢:

Q = Ulsing

NOTE When the load is inductive, O > 0 and the current lags the voltage. When the load is capacitive, 0 < 0 and
the current leads the voltage.

A.5 Apparent power

The apparent power is defined as the product of the r.m.s. values of the voltage U and the
current I

S=U-1

Under sinusoidal conditions, the apparent power, the active power and the reactive power are
linked according to the following formula:

S=\IP2 +Q2

NOTE The apparent power corresponds to the maximum active power that can be transmitted to the load through
a given line, while keeping the r.m.s. value of the voltage constant and the line losses constant. This maximum
value of active power is obtained when the load is supplied with a sinusoidal current in phase with the voltage.

A.6 Power factor

The power factor 1 is defined as the ratio of the absolute value of the active power P to the
apparent power S:

NOTE Since the apparent power is the maximum active power that can be transmitted to the load (see Clause
A.5), the power factor is a utilization factor indicator.
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Under sinusoidal conditions, the power factor is also given by:

A= |cos (p|
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Annex B
(informative)

Fundamental active factor

B.1 Fundamental active factor and its use

The fundamental active factor cos ¢4 is used to describe the behaviour of the load at the
reference fundamental frequency. As it is the ratio of the fundamental active power to the
fundamental apparent power

&
cos@q = S_
1

it is positive when the load consumes active power and negative when energy is recovered
from the load.

NOTE The fundamental active factor is often called displacement factor or displacement power factor.

When the absolute value of the fundamental active factor is less than 1, the load either
consumes or delivers fundamental reactive power. The sign of the fundamental reactive
power can be indicated by a subscript in the numerical value of the fundamental active factor.
If the load consumes fundamental reactive power, that is, 04 > 0, the subscript ind is used,
for example cos ¢4 = 0,8;,4. For the production of fundamental reactive power, 0 < 0, the
subscript cap is used.

B.2 Consumer convention

The sign convention commonly used with loads is shown in Figure B.1.

NOTE Other conventions exist. For example, see IEC 61557-12.
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Figure B.1 — Consumer sign convention of the fundamental active factor,
fundamental active power and fundamental reactive power
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