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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINES -

Part 21: Measurement and assessment of power quality
characteristics of grid connected wind turbines

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s ization comprising
all national electrotechnical committees (IEC National Committees). The obj is to promote
international co-operation on all questions concerning standardization in the elect{i electronic fields. To
this end and in addition to other activities, IEC publishes International Standarg Wi ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guidances \ e “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any ¢ qittee interested
in the subject dealt with may participate in this preparatory work. i g 3
governmental organizations liaising with the IEC also participate in fkj . |E aborates closely
with the International Organization for Standardization (ISO) in &dccorda Wi
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

7) No liability shall attdc s dires mployees, servants or agents including individual experts and
members of its technd S E ational Committees for any personal injury, property damage or
other damage of Any w whether direct or indirect, or for costs (including legal fees) and
expenses arising\out\of\the publi t|on use of, or reliance upon, this IEC Publication or any other IEC

9) AttentionN M o ssibility that some of the elements of this IEC Publication may be the subject of
~JEC'shaN not\e held responsible for identifying any or all such patent rights.

International Standard IEC 61400-21 has been prepared by IEC technical committee 88: Wind
turbines.

This second edition cancels and replaces the first edition published in 2001. This edition
constitutes a technical revision.

This edition includes the following new items with respect to the previous edition:

— Interharmonics and current distortions (<9 kHz)

— Response to voltage dips

— Active power ramp rate limitation and set-point control
— Reactive power capabilities and set-point control

— Grid protection and reconnection time after grid faults
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The text of this standard is based on the following documents:

FDIS Report on voting
88/317/FDIS 88/326/RVD

Full information on the voting for the approval of this standard 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 of the IEC 61400 series, under the general title Wind turbi
on the IEC website.

, can be found

The committee has decided that the contents of this publication
the maintenance result date indicated on the IEC web site under

* reconfirmed,
* withdrawn,
* replaced by a revised edition, or

@%@
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INTRODUCTION

The purpose of this part of IEC 61400 is to provide a uniform methodology that will ensure
consistency and accuracy in the presentation, testing and assessment of power quality
characteristics of grid connected wind turbines (WTs). The power quality characteristics here
include wind turbine specifications, voltage quality (emissions of flicker and harmonics),
voltage drop response, power control (control of active and reactive power), grid protection
and reconnection time.

This part of IEC 61400 has been prepared with the anticipation that it would be applied by:

e the WT manufacturer striving to meet well-defined power quality characteristics;

e the WT purchaser in specifying such power quality characteristics;

e the WT operator who may be required to verify that stated, er quality
characteristics are met;

quality characteristics of the wind turbine type;

e the planner or regulator of the electric netwg o ha able to determine the grid

This part of IEC 61400 provides recomme eparing the measurements and

assessment of power quality characteyistics o Qnected WTs. This part of IEC 61400
will benefit those partlesmvolved in th installation planning, obtaining of
permission, operation, utiiz lation of WTs. The measurement and
analysis techniques recorn ed i i xC 61400 should be applied by all parties to

ensure that the contirui gperation of WTs are carried out in an
atmosphere of consistent amd s i
This part of IEC@ : S ment and analysis procedures expected to provide

consistent results t
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WIND TURBINES -

Part 21: Measurement and assessment of power quality
characteristics of grid connected wind turbines

1 Scope

This part of IEC 61400 includes:

e definition and specification of the quantities to be determined for chaxg
quality of a grid connected wind turbine;

g the power

e measurement procedures for quantifying the characteristics;

e procedures for assessing compliance with power [ 2qui including
estimation of the power quality expected from the wind D 3
specific site, possibly in groups.

somplignce with power quality requirements are valid for wind
i power systems with fixed frequency within £1 Hz, and

z er regulation capabilities. In other cases, the principles for

assessing i e ver quality requirements may still be used as a guidance.

or testing of wind turbines, though it contains information that may

also be useful fortesting of wind farms.

NOTE This part of IEC 61400 uses the following terms for system voltage:
— low voltage (LV) refers to U, < 1 kV;

— medium voltage (MV) refers to 1 kV < U, < 35 kV;

high voltage (HV) refers to U, > 35 kV.

2 Normative references

The following referenced documents are indispensable for the application 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 60044-1, Instrument transformers — Part 1: Current transformers

IEC 60044-2, Instrument transformers — Part 2: Inductive voltage transformers
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IEC 60050-161, International Electrotechnical Vocabulary — Part 161: Electromagnetic
compatibility

IEC 60050-415, International Electrotechnical Vocabulary — Part 415: Wind turbine generator
systems

IEC 61000-4-7:2002, Electromagnetic compatibility (EMC) — Part 4-7: Testing and
measurement techniques — General guide on harmonics and interharmonics measurements
and instrumentation, for power supply systems and equipment connected thereto

IEC 61000-4-15, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 15: Flickermeter — Functional and design specifications

IEC 61400-12-1, Wind turbines — Part 12-1: Power performance me [ electricity
producing wind turbines

IEC 61800-3:2004, Adjustable speed electrical power dris t 3: EMC
requirements and specific test methods

IEC 62008, Performance characteristics and calibratit
systems and relevant software

| data acquisition

3 Terms and definitions

For purposes of this document, the follg efinitions apply.

31
continuous operation (fa
normal operation of th dihg_stapt-up and shutdown operations
3.2 Q
cut-in wind spee 0
lowest wind speed & S the wind turbine starts to produce power
[IEV 415-03-05
33
flicker co inuous operation (for wind turbines)
normalized ¢ flicker emission during continuous operation of the wind turbine:
Sk fic
clyic) = Pstfic X S
n
where
Pt fic is the flicker emission from the wind turbine on the fictitious grid;
Sy is the rated apparent power of the wind turbine;
Sk fic is the short-circuit apparent power of the fictitious grid
NOTE The flicker coefficient for continuous operation is the same for a short-term (10 min) and long-term period
(2 h).
3.4

flicker step factor (for wind turbines)
a normalized measure of the flicker emission due to a single switching operation of the wind
turbine:
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1 Sk fic 0,31
k = ——X——X Pt 5c XT"
£ (wi) 130 S, stfic X {p
where
T, is the measurement period, long enough to ensure that the transient of the switching

operation has abated, though limited to exclude possible power fluctuations due to
turbulence;

Pgi5ic Is the flicker emission from the wind turbine on the fictitious grid;
Sh is the rated apparent power of the wind turbine;
Skfic is the short-circuit apparent power of the fictitious grid

NOTE The flicker coefficient P is here evaluated over the time period T,

st,fic p*

3.5
maximum measured power (for wind turbines)

power (with a specified averaging time) which is observed duri
wind turbine

3.6
network impedance phase angle
phase angle of network short-circuit impedance:

where
X, is the network short-circuit reactance

3.7
normal operation (fo

fault free operatiOT co
3.8

operational mode

3.9

3.10

point of common coupling

PCC

point of a power supply network, electrically nearest to a particular load, at which other loads
are, or may be, connected

NOTE 1 These loads can be either devices, equipment or systems, or distinct customer's installations.

NOTE 2 In some applications, the term “point of common coupling” is restricted to public networks.

[IEV 161-07-15, modified]

3.1
power collection system (for wind turbines)
electrical system that collects the power from a wind turbine and feeds it into abelectrical

supply network ocuments
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[[EV 415-04-06, modified]

3.12

rated apparent power (for wind turbines)

apparent power from the wind turbine while operating at rated current and nominal voltage
and frequency:

Sn = \/gUnIn

where
U

n is the nominal voltage;
1

is the rated current

n

3.13
rated current (for wind turbines)

under normal operating conditions

3.14

rated power (for wind turbines)
maximum continuous electric output power which a wind
normal operating conditions

[[EV 415-04-03, modified]

3.15
rated wind speed (for wind turbines

3.16
standstill (for
condition of a wind"ty

switching operation (for wind turbines)
start-up or switching between generators

3.19

turbulence intensity

ratio of the wind speed standard deviation to the mean wind speed, determined from the same
set of measured data samples of wind speed, and taken over a specified period of time

[IEV 415-03-25]

3.20
voltage change factor (for wind turbines)
a normalized measure of the voltage change due to a switching operation of the wind turbine:

Ufic max _Ufic min Sk fic
ky(wg) = \/Ex > > X —
“ Un Sn Documents
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where

Ufic.min @Nd Usic max ~ are the minimum and maximum one period RMS value of the phase-to-
neutral voltage on the fictitious grid during the switching operation;

U, is the nominal phase-to-phase voltage;
Sh is the rated apparent power of the wind turbine;
Sk fic is the short-circuit apparent power of the fictitious grid.

NOTE The voltage change factor k, is similar to k; being the ratio between the maximum inrush current and the
rated current, though k, is a function of the network impedance phase angle. The highest value of &, will be
numerically close to ;.

3.21

wind turbine

wWT

system which converts kinetic wind energy into electric energy

3.22

wind turbine terminals
point being a part of the WT and identified by the WT
connected to the power collection system

the WT may be

4 Symbols and units

In this part of IEC 61400, the following symbols

Wk networi
om(t) electrical

long-term flicker emission limit

Epst; short-term flicker emission limit

fg nominal grid frequency (50 Hz or 60 Hz)

Jin,i frequency of occurrence of flicker coefficient values within the i'th wind speed bin

Jover over-frequency protection level

Junder under-frequency protection level

fy,i frequency of occurrence of wind speeds within the i'th wind speed bin

h harmonic order Documents
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Ihi h’th order harmonic current distortion of i’th wind turbine (A)
im() measured instantaneous current (A)

Iy rated current (A)

ke( W) flicker step factor

ki ratio of maximum inrush current and rated current

ku(¥k) voltage change factor

Ltic inductance of fictitious grid (H)

Py long-term flicker disturbance factor

Py rated active power of wind turbine (W)

Pr(c<x)  accumulated distribution of ¢

Pt short-term flicker disturbance factor

Pt fic short-term flicker disturbance factor at fictitious grid
Q reactive power (var)

Riic resistance of fictitious grid (Q)
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Sk short-circuit apparent power of grid (VA)

Sk.fic short-circuit apparent power of the fictitious grid (VA)

Sn rated apparent power of wind turbine (VA)

THC total harmonic current distortion (% of I,,)

T, transient time period of a switching operation (s)

U phase-to-phase voltage (V)

ug(?) instantaneous phase-to-neutral voltage of an ideal voltage
ufic(1) instantaneous phase-to-neutral voltage simulated at

Utic, max maximum phase-to-neutral voltage at fictitious ¢
Utic, min minimum phase-to-neutral voltage at ficti
Un nominal phase-to-phase voltage (V

Uunder under-voltage protection leve

U, over-voltage protection leve

Z impedance between phases or to ground during short-circuit (Q)

5 Abbreviations
The following abbreviations are used in this part of IEC 61400.

A/D converter  analogue to digital converter

DFT discrete Fourier transform
HV high voltage
LV low voltage

Documents
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MV medium voltage

PCC point of common coupling

RMS root mean square

SCADA supervisory control and data acquisition
THC total harmonic current distortion

WT wind turbine

6 Wind turbine power quality characteristic parameters

6.1 General

wind turbine, i.e. wind turbine specifications (6.2),
response (6.5), power control (6.6 to 6.7), grid pro
sample report format is given in Annex A.

=
<
S
=
®
Q
o
a
2
o
T

Generator sign convention shall be
defined to be from the generator to th
an inductor, both active and reactive po

6.2 Wind turbine specification

The wind turbine flicker coefficient for continuous operation, c(y,v,) shall be stated as the
99th percentile for the network impedance phase angles y;, = 30°, 50°, 70° and 85° in a Table
for four different wind speed distributions with annual average wind speed v, = 6 m/s, 7,5 m/s,
8,5m/s and 10 m/s respectively. The 10 min average values of the wind speed shall be
assumed to be Rayleigh distributed (see Note). The annual average wind speed refers to the
hub height of the wind turbine.

The characteristics shall be stated for the wind turbine operating with reactive power as close
as possible to zero, i.e. if applicable, the reactive set-point control shall be set to Q=0. If any
other operational mode is used, this shall be clearly stated.

NOTE The Rayleigh distribution is a probability distribution that commonly fits the annual wind speed distribution.
The Rayleigh distribution may be described by:

2
Fv)=1- exp[— %[L] ]
Va
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where

F(v) is the Rayleigh cumulative probability distribution function for the wind speed;
Va is the annual average wind speed at hub height;

v is the wind speed.

6.3.3 Switching operations
The characteristics shall be stated for the following types of switching operations:

a) Wind turbine start-up at cut-in wind speed.
b) Wind turbine start-up at rated wind speed or higher wind speed.

c) The worst case of switching between generators (applicable only {06 windNurbines with

e The flicker step factor k¢(w) for the network im
and 85°.

NOTE 1 The worst case ¢

The emission of\current harmonics, interharmonics and higher frequency components during
continuous operatiorw’shall be stated (see Note).

The values of the individual current components (harmonics, interharmonics and higher
frequency components) and the total harmonic current distortion shall be given in tables in
percentage of I, and for operation of the wind turbine within the active power bins 0, 10,
20, ...,100 % of P,. 0, 10, 20, ..., 100 % are the bin midpoints.

The individual harmonic current components shall be specified as subgrouped values for
frequencies up to 50 times the fundamental grid frequency, and the total harmonic current
distortion shall be stated as derived from these.

The interharmonic current components shall be specified as subgrouped values for
frequencies up to 2 kHz in accordance to Annex A of IEC 61000-4-7:2002.

The higher frequency current components shall be specified as subgrouped values for
frequencies between 2 kHz and 9 kHz in accordance to Annex B of IEC 61000'4'7:E982cuments
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The current harmonics, interharmonics and higher frequency components shall be stated for
the wind turbine operating with reactive power as close as possible to zero, i.e. if applicable
the reactive set-point control shall be set to Q=0. If other operational mode is used, this shall
be clearly stated.

NOTE Harmonics are considered harmless as long as the duration is limited to a short period of time. Hence, this
part of IEC 61400 does not require specification of short-duration harmonics caused by wind turbine start-up or
other switching operations.

6.5 Response to voltage drops

The response of the wind turbine to the voltage drops specified in Table 1 shall be stated for
the wind turbine operating at a) between 0,1 P, and 0,3 P, and b) above 0,9 P,. The stated
response shall include results from 2 consecutive tests of each case (VDtVD6) by time-
series of active power, reactive power, active current, reactive current a at the wind
turbine terminals for the time shortly prior to the voltage drop and\until(tF ffect of the

The test is basically for verifying wind turbine response to voltage e togrid faults)
and providing a basis for wind turbine numerical simulatig ptional tests
and measurements (for example pitch angle and rotations cd carried out and
reported for more detailed assessment of simulation s i g with specific grid

code requirements.

Table 1 — Specification of voltage d s T pecified itwdes, duration and shape
are for the voltage drop occurrin e wind tu bm under test is not connected

nitude of positive Duration Shape
seguence voltage (s)
ction of voltage
i immediately before
the drop occurs)
VD1 — symmetrical three-p a}\/\
voltage drop
VD2 — symmetrical @h e
voltage drop /\

VD3 — symmetrical th phase 020 + 0,05 0,20 + 0,05 0,2+0,02 | I
voltage drop
VD4 — two-phas\{w dr\oQ 0,90 + 0,05 0,95 + 0,05 05+002 | L

VD5 — two- se\olta@\e\h \ 0,50 + 0,05 0,75 + 0,05 05+002 | — L

VD6 — two\pnageWg\e\\drsp\) 0,20 + 0,05 0,60 + 0,05 024002 | I~

Case

0,90 = 0,05 0,5+£0,02 [ ™ [

0,50 + 0,05 05+0,02 | I

NOTE 1 A voltage drop may cause a wind turbine to cut-out for many reasons, not only related to the electrical
drive train but also due to mechanical vibrations or ancillary system low voltage capabilities. It is therefore
necessary to do the test on the complete wind turbine rather than relying on drive train testing only.

NOTE 2 The purpose of VD1 and VD4 is basically for testing of wind turbines that have no capabilities to ride-

through any deep voltage drops, and the tests are generally relevant as basis for validation of numerical simulation
models.

6.6 Active power
6.6.1 Maximum measured power

The maximum measured power of the wind turbine shall be specified as a 600 s average
value, Pgo, @ 60 s average value, Pgy and as a 0,2 s average value, P 5.

6.6.2 Ramp rate limitation

The ability of the wind turbine to operate in ramp rate limitation control momgﬁu‘aﬁients
characterized by test results presented in a graph. The graph shall show av
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measured active power output during operation at a ramp rate value of 10 % of rated power
per minute for a test period of 10 min.

The test results shall be reported as 0,2 s average data.

6.6.3 Set-point control

The ability of the wind turbine to operate in active power set-point control mode shall be
characterized by test results presented in a graph. The graph shall show available and
measured active power output during operation at set point values being adjusted from 100 %
down to 20 % of rated power in steps of 20 % with 2 min operation at each set-point value, i.e.
according to Figure 1.

The test results shall be reported as 0,2 s average data.

. NN

) -
AEERNAN NIV
) DN
AN

Set-point (% of Pp)

20 A

\2/3 4 5 6 7 8 9 10

Time (min
(min) IEC 1295/08

igure 1 — Adjustment of active power set-point

6.7 Reactive power
6.7.1 Reactive power capability

The capability of the WT concerning the maximum inductive reactive power and the maximum
capacitive reactive power of the WT shall be specified in a Table as 1 min average values as
a function of the 1 min average output power for 0, 10, .... 90, 100 % of the rated power.

6.7.2 Set-point control
The reactive power set-point control shall be described by a table and a graph as follows.

e The table shall show measured reactive power at reactive set point value = 0 for operation
at 0, 10, 20, ... 100 % active power output.

e The active and reactive power shall be 1 min average values. Documents
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The graph shall show measured reactive power during a step change of the reactive power
set-point as specified in Figure 2. The active power output, measured as 1 min average
values, shall be approximately 50 % of rated power. The reactive power shall be 0,2 s
average data.

Qmax
S
= 0
kS)
2
©
»n
_Qmax

0 1 2 3
Time (min)

NOTE The ability of a wind turbine to participate i
ability to operate in reactive power set-point go

instance, be achieved through the SCADA systém of a mod i
power set-point of the individual wind turbines tg acre ested Yoltage response.

6.8 Grid protection

The functionality of the
of disconnectio
disconnection ti

under-frequency.

fon system is tested. With the given settings
times, the actual disconnection levels and

The disconnecti ge or frequency that causes the wind turbine to disconnect.
The discg the Yime duration from start of the under-/over- voltage or frequency
and unti

6.9 Reconnecti

The reconnection time after the wind turbine has been disconnected due to a grid failure shall
be characterized by test results presented in a Table. The Table shall show the reconnection
time after the grid has failed for 10 s, 1 min and 10 min respectively. The reconnection time is
the time from the instant when the grid is available on the wind turbine terminals to the instant
when the wind turbine starts to produce power.

7 Test procedures

7.1 General

This Subclause 7.1 gives general information about the validity of the measurements, required
test conditions and equipment. Subclauses 7.2 to 7.9 state the required measurements to be
taken to determine the characteristic power quality parameters of the assessed wind turbine,
i.e. wind turbine specifications (7.2), voltage quality (7.3 to 7.4), voltage drop response (7.5),
ower control (7.6 to 7.7), grid protection and reconnection (7.8 to 7.9).
P ( - gridp ( ) Documents
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The measurement procedures are valid for single wind turbines with a three-phase grid
connection.

The measurements aim in general to verify the characteristic power quality parameters for the
full operational range of the assessed wind turbine. Measurements are however not required
for wind speeds above 15 m/s (see Note 1). This is because requiring measurements at
higher wind speeds would normally give a significantly longer measurement period due to the
rare appearance of higher wind speeds, and are not expected to give significantly better
verification of the characteristic power quality parameters of the assessed wind turbine. See
also Note 2.

NOTE 1 If measurements are taken above 15 m/s, they can be omitted. If they are included however, the applied
wind speed range should be stated in the test report.

NOTE 2 Inclusion of measurements above 15 m/s may improve the accuracy of the gétexmine

d flicker coefficient,
and for some wind turbine design give greater maximum measured power (0,2 s g imi

ng fo balance

sites. See also Note 5in 7.3.3.

711 Test validity

bine including the relevant control parameter settings
(Annex A).

one and reported separately, for example voltage quality (7.3
7) and voltage drop response (7.5).

The following test cohditions are required, and shall be measured and reported as part of the
test procedure (see Note 1). Any test data measured during periods not complying with the
given test conditions shall be excluded.

e The wind turbine shall be connected directly to the MV-network through a standard
transformer with rated apparent power at least corresponding to the rated apparent power
of the assessed wind turbine.

e The total harmonic distortion of the voltage including all harmonics up to the order of 50
shall be less than 5 % measured as 10 min average data at the wind turbine terminals
while the wind turbine is not generating. The total harmonic distortion of the voltage may
be determined by measurement prior to testing the wind turbine.

e The grid frequency measured as 0,2 s average data shall be within +1 % of the nominal
frequency, and the rate of change of the grid frequency measured as 0,2 s average data
shall be less than 0,2 % of the nominal frequency per 0,2 s. If the grid frequency is known
to be very stable and well within the above requirements, which would commonly be the
case in a large interconnected power system, this need not be assessed ﬁy further.
Otherwise, the grid frequency shall be measured during the test. ocuments
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e The voltage shall be within £10 % of its nominal value measured as 10 min average data
at the wind turbine terminals.

e The voltage unbalance factor shall be less than 2 % measured as 10 min data at the wind
turbine terminals. The voltage unbalance factor may be determined as described in
IEC 61800-3:2004, Clause B.3. If the voltage unbalance factor is known to be well within
the above requirement, it need not be assessed any further. Otherwise, the voltage
unbalance factor shall be measured during the test.

o The environmental conditions shall comply with the manufacturer’s requirements for the
instruments and the wind turbine. Commonly, this does not call for any online measure-
ments of the environmental conditions, though it is required that these are described in
general terms as part of the measurement report. See also Note 2.

Tests may be prepared at any turbulence intensity and at any shprt-cirsuit ratio, but

speed measurements.

NOTE 1 The specified conditions are required to achieve reliable te
conditions for reliable grid connection and operation of wind turbines.

NOTE 2 The maximum measured power may for some wind

denS|ty Hence the maximum measured power determmed foII

procedures associated with this.

7.1.3 Test equipment

Log data, calculate
and store results

A/D

Low-pass filter

Signal conditioning

IEC 1297/08

Figure 3 — Assumed elements of measurement system

The anemometer, voltage transducers (transformers) and current transducers (transformers)
are the required sensors of the measurement system. The signal conditioning is for
connecting these to the low-pass filter that are required for anti-aliasing. The analogue to
digital conversion (A/D) shall be of at least 12 bit resolution, i.e. to maintain the required
measurement accuracy. See Table 2 for specification of equipment accuracy.

Documents
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Table 2 — Specification of requirements for measurement equipment

Equipment Required accuracy Compliance with standard
Voltage transformers Class 1,0 IEC 60044-2
Current transformers Class 1,0 IEC 60044-1
Anemometer +0,5 m/s IEC 61400-12-1 (as a
guidance)
Filter + A/D converter + data acquisition system 1 % of full scale IEC 62008

The digital data acquisition system is assumed to log, calculate and store results as specified
in the subsequent clauses. General guidance for calculation of RMS voltage, active and
reactive power in a system as outlined in Figure 3 is given in Annex C. Thisrequires a sample
asurement of
harmonics (higher frequency components) the minimum sample rate g ) sast 20 kHz
per channel.

The wind speed signal shall be sampled with at least 1 Hz.

wind turbine wakes should be applied for measuring” the g . position 2,5 rotor
diameters upstream will generally give good definition. A \ati Mb-height wind speed
can be estimated from lower level measure i nacelle wind speed
measurement possibly in conjunction : S Uy ts and knowledge of the power
curve. Either way, uncertainties due té i not exceed + 1 m/s.

7.2 Wind turbine specification

Based on manufacturer’s j
be stated.

7.3 Voltage fluctua
7.3.1 Genera

As stated in 7.1.
network will
fluctuations a

fluctuations on 3
turbine (see Note).

ictitious grid with no source of voltage fluctuations other than the wind

The application of the fictitious grid is further described in 7.3.2. The measurement
procedures for voltage fluctuations are separated into procedures for continuous operation
(see 7.3.3) and switching operations (see 7.3.4). This separation reflects that the flicker
emission from a wind turbine has the character of stochastic noise during continuous
operation, whereas the flicker emission and voltage changes during switching operations have
the character of a number of time limited, non-coincident events.

NOTE Although the specified method to simulate the voltage fluctuations on a fictitious grid avoids the direct
influence of the real voltage fluctuations of the grid at the measurement point on flicker, there may be an influence
of these voltage fluctuations, imposed by other sources, on the measured current from the wind turbine. This in
turn may influence the simulated voltage fluctuations on the fictitious grid. However, this effect is relatively small
and does not justify changing the procedure for determining the flicker coefficient.

7.3.2 Fictitious grid

The phase diagram of the fictitious grid is shown in Figure 4. Documents
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Rﬁc Lﬁc

* +
A
() <> (1) <> in (1

IEC {298/08

be zero;

b) uy(z) shall : ectri dle o(t) as the fundamental of the measured
voltage. Thi

| ugio(t) = uglt)

To fulfil these

uo (1) = \E X Upy x Sin(0r (1)) (2)

where U, is the alue of the nominal voltage of the grid.

The electrical angle of the fundamental of the measured voltage may be described by
equation (3).

o (1) = 2n><jé F(t)dt + o (3)

where

At) is the frequency (that may vary over time);

t is the time since the start of the time-series;
oy is the electrical angle at r = 0.

Rsic and Ly shall be selected to obtain the appropriate network impedance phase angle
applying equation (4) below:

tan () = R = R Docuffients

Document Sharing Hub

Full document details: IEC 61400-212008


http://www.avadocuments.com/doc/iec-61400-21-2008
http://www.avadocuments.com/doc/iec-61400-21-2008

61400-21 © IEC:2008 - 23 -

wherefg is the nominal grid frequency (50 or 60 Hz).

The three-phase short-circuit apparent power of the fictitious grid is given by equation (5)
below:

2
U,
Sk.fic = > L > (%)

RfIC + XfIC
A proper short-circuit ratio Sy /S, shall be used to assure that the applied flickermeter
algorithm or instrument gives Pg; values that are well within the measurement range required
in [IEC 61000-4-15. Because the intention of the procedure described in IEC 61000-4-15 is to
determine if a specific fluctuating voltage causes flicker, the procedure~in~JEC 61000-4-15
does not treat small voltage fluctuations very accurately. Larger voltagg fluctutions can be

values should be better than 5 %.

7.3.3 Continuous operation

The flicker coefficient c(y,v,) shall be determiged
shall be done by measurement and si

This subclause gives th

Clause B.1.
The following me@r
a) The three instar

during continuous operation of the wind turbine.

The voltage flicker during the test shall be reported. The voltage flicker shall be measured at
the wind turbine terminals and according to IEC 61000-4-15. See also Note in 7.3.1.

The measurements shall be taken with a measurement set-up as specified in Figure 3, and by
applying voltage and current transformers and an anemometer with specifications according
to Table 2. The cut-off frequency of the voltage and current measurements shall be at least
400 Hz. See Note 2.

The measurements shall be treated to determine the flicker coefficient of the wind turbine as a
function of the network impedance phase angle and wind speed distribution. This shall be
done repeating the following procedure for each of the network impedance phase angles and
wind speed distributions specified in 6.3.2.

First, the flicker coefficient for each set of 10 min measured voltage and current gne.seri
shall be determined. The procedure for this is given in steps 1) to 3) below Dﬁéﬁrﬁents
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1) The measured time-series shall be combined with equation (1) to give voltage time-series
of uﬁc(t).

2) The voltage time-series of u;.(f) shall be input to the flicker algorithm in compliance with
IEC 61000-4-15 to give one flicker emission value Pg . on the fictitious grid for each
10 min time-series.

3) The flicker coefficient shall be determined for each of the calculated flicker emission
values by applying the equation (6)

Sk fi
c(Wk) = Pefic X —— (6)
n
where
S, is the rated apparent power of the wind turbine;
Skfic is the short-circuit apparent power of the fictitious grid.
See also Note 3.
Secondly, a weighting factor shall be determined for &ach peed \bin to scale the
measured frequency of occurrence of the flicker coeffieienis pond With the assumed
wind speed distribution. The procedure for finding thg weig described in steps 4)
to 6) below.
4) As specified in 6.3.2, the assumegd of wind speeds within the
i'th wind speed bin shall correspond :
(7)
where
v; isthe midpo@
v, is the assume
5) The actual freg S Jm.i of measured flicker coefficients within the i'th wind
speed bin is ¢
(8)

where
N,

m, i

N,

m

is the number’of flicker coefficient values measured within the i’th wind speed bin;
is the total number of flicker coefficient values.

6) The weighting factor shall be determined for each 1 m/s wind speed bin between v, i,
and 15 m/s by inserting calculated values offy‘i and f, ; in the equation (9) below:

_ i

= 9
fm,i ( )

Wi

Finally, the weighted accumulated distribution of the measured flicker coefficient values shall
be found, and the flicker coefficient ¢(y,v,) shall be determined as the 99th percentile of this
distribution (see Notes 4 and 5). The procedure for this is given in steps 7) to 8) below:

7) The weighted accumulated distribution of the flicker coefficient values is given by equation
(10):

Documents

Document Sharing Hub

Full document details: IEC 61400-212008


http://www.avadocuments.com/doc/iec-61400-21-2008
http://www.avadocuments.com/doc/iec-61400-21-2008

61400-21 © IEC:2008 - 25—

Nbin
Wi X N i cex

Pr(c < x) = i:;vb- (10)
In

Z Wi X Nm,i
i=1

where

N ic<x Is the number of flicker coefficient values less than or equal to the value x within the
i'th wind speed bin;

Npin is the total number of wind speed bins.

8) The flicker coefficient shall be determined as the 99th percenti

accumulated distribution of the flicker coefficient values. This shall bg
Pr(c<x) and reading the 99th percentile from that.

the weighted
3y calculating

The above procedure steps 4) to 8) are further illustrated in Clauge E

average of 12 consecutive short-term values. Considerifg icker\emission from a
wind turbine is a function of the wind speed, and that wind¢ \ ikély to persist for a
ce, for wind turbines
the long-term flicker emission coefficient becomes_ eq rim value.

NOTE 1 If the phase-to-neutral voltages are<pot availdble, th e¥oltages should be measured and
the phase-to-neutral voltages calculated fro 3 -to-phdse voltages. The phase-to-neutral
voltages may be calculated from measured phase dirg to the equations below:

where

escribed in IEC 61000-4-15 generates the RMS value of uy(¢), and then cuts off
€ NSHll a minimum cut-off frequency of 400 Hz, corresponding to a minimum sampling
frequency of 800 is required for flicker measurements of continuous operation in this part of IEC 61400. Test
calculations have shov at this sampling frequency is necessary to obtain consistent results. A lower sampling
frequency will reduce the accuracy of the electrical angle of the fundamental of the measured voltage o,,(¢).

NOTE 3 The formula defining the flicker coefficient is further explained in B.4.1.
NOTE 4 The 99th percentile is applied as flicker emission limits usually relate to this percentile.

NOTE 5 As stated in 6.3.2, ¢(y,v,) should be determined for v, = 6 m/s, 7,5 m/s, 8,5 m/s and 10 m/s respectively.
Furthermore, as stated in this subclause, measurements are only required up to 15 m/s. Assuming the wind speed
to be Rayleigh distributed, it can be calculated that 15 m/s corresponds to the 99th percentile for v, = 6 m/s, and a
further 96 %, 91 % and 83 % for v, = 7,56 m/s, 8,5 m/s and 10 m/s respectively. Hence, although c(y.v,) is
determined according to this subclause as the 99th percentile of the data set, it may represent lower percentiles for
Rayleigh distributed wind speed distributions with v, = 7,5 m/s, 8,5 m/s and 10 m/s. This is further explained in
Clause B.3. It is however judged that the uncertainty of the actual percentiles do not justify requiring
measurements at higher wind speeds to expand the data set to ensure 99th percentiles also for v, = 7,5 m/s, 8,5
m/s and 10 m/s, as this would often dramatically increase the required testing period. It is however open for users
of this part of IEC 61400 to agree to include measurements above 15 m/s in order to improve the accuracy of
(W, vy) for vy > 6 m/s.
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7.3.4 Switching operations

Based on manufacturer’s information, the maximum number of switching operations, N4, and
N4o0m shall be determined for each type of switching operation specified in 6.3.3. In the event
that the wind turbine manufacturer cannot provide these numbers, or the manufacturer cannot
provide sufficient specification of the wind turbine control system to support the provided
numbers, the following shall be assumed:

a) Wind turbine start-up at cut-in wind speed: N, = 10 and Ny,g,, = 120.
b) Wind turbine start-up at rated wind speed or higher wind speed: Ny, = 1 and Ny5q,, = 12.
c) The worst case of switching between generators: Ny, = 10 and N;5q,, = 120.

Measurements and subsequent simulations and calculations shall be prgpared to determine
the voltage change factor k (), and the flicker step factor k() for eqch typenof switching
operation specified in 6.3.3.

This subclause gives the detailed procedure, whereas an informatiy i provided in

Clause B.2.

Whereas 6.3.3 a) and 6.3.3 b) each specify a switching-at.a eed, it is the task
of the assessor to identify the conditions of 6.3.3 c), done\by assessment of the
wind turbine design, or if this does not give sufficient eyid ments shall be taken

to identify the conditions for 6.3.3 c¢). See also Ngie \ in .3@

To determine the voltage change factor/ (¥ he flicker step factor k¢(y;), the following

measurements shall be prepared:

i) The three instantaneous line cufkren - hfee instantaneous phase-to-neutral
voltages shall be meagur e

ii) The measurement a perniéd, 7,, long enough to ensure that the
transient of the swijtc d, though limited to exclude possible power
fluctuations dus to

iii) In order to e@ f s okthe measurements are representative of the normal

average conditio .S be performed five times.

iv) The wind spé f d according to 7.1.3. The 1 min average wind speed
during the itchi ation shall be within a range of £2 m/s of the required wind

speed
The mea s taken with a measurement set-up as specified in Figure 3, and by
applying vo ent transformers and an anemometer with specifications according

to Table 2. The~cut-off frequency of the voltage and current measurements shall be at least
1 500 Hz (see Note”1). As a guidance, for wind turbines applying soft-starters or other
effective limitation of the inrush currents, the current transformers should be rated two to four
times the rated current. For wind turbines without any inrush current limitation, as a guidance,
the current transformers should be rated 10 to 20 times the rated current of the wind turbine.

The measurements shall be treated to determine the voltage change factor and the flicker
step factor. This shall be done applying the following procedure.

1) The measured time-series shall be combined to give voltage time-series of ug(¢).

2) The simulated voltage time-series of u;.(¢) shall be input to the flicker algorithm in
compliance with IEC 61000-4-15 to give one flicker emission value P i on the fictitious
grid for each time-series of ug4(¢). This will result in 15 values of P . for each case, i.e.
five tests and three phases. '

3) The flicker step factor k¢( ) shall be calculated according to its equation (11) below.
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1 Skfi
ki) = g5 X o % Patfio X Ty (11)
n

See also Note 2 and 3.

4) The voltage change factor k() shall be determined according to the equation (12) below.

\/gx Ufic,max _Ufic,min % Sk,fic (12)

k -
u(wk) U, s,

where

Usic,min  is the minimum one period RMS value of the voltage on the fict
switching operation;

grid during the

is the maximum one period RMS value of the voltage q
the switching operation.

Ufic,max

See also Note 4.

5) The flicker step factor and the voltage change factg
result of the 15 values.

ing harmonics due to “soft-

NOTE 1 The cut-off frequency should be at least 1 500 H
i J icker step factors. See also Note

The emission of ren i i onics and higher frequency components from
the wind turbine ) S atior’ shall be measured so that these can be stated in
accordance with 6.4

The results shall S ation times of 10 min for each active power bin, (i.e. the
% of P, as stated in 6.4) and shall be for situations with
the grid. The measurement procedure shall be suitable for wind
agnltude of the current harmonics produced can be expected to

Measurements whick/are clearly influenced by grid background noise shall be excluded.

At least nine 10 min time-series of instantaneous current measurements (three tests and three
phases) shall be collected for each 10% power bin.

The measurements and grouping of the spectral components shall be performed according to
IEC 61000-4-7. The choice of grouping method is made reflecting that measurements are
made on a fluctuating source. The accuracy class | as defined in IEC 61000-4-7 shall be
applied.

The 10-cycle window for 50 Hz and 12-cycle window for 60 Hz systems is recommended. The
window size shall be stated in the test report (see Annex A).

Harmonic currents below 0,1 % of 7, for any of the harmonic orders need not be reported.

Documents

Document Sharing Hub

Full document details: IEC 61400-212008


http://www.avadocuments.com/doc/iec-61400-21-2008
http://www.avadocuments.com/doc/iec-61400-21-2008

- 28 - 61400-21 © IEC:2008

The DFT (Discrete Fourier Transform) is applied to each of measured currents with
rectangular weighting, i.e. no special weighting function (Hanning, Hamming, etc.) shall be
applied to measured time-series. The active power shall be evaluated over the same time
window as the harmonics.

The harmonic current components for frequencies up to 50 times the fundamental grid
frequency shall be subgrouped as given in Clause 5.6 of IEC 61000-4-7:2002. See Note.

The total harmonic current distortion (THC) shall be calculated according to equation (13)

(13)

where

I,, is the subgrouped RMS current harmonic of harmonic order

I, is the rated current of the wind turbine.

n

The higher frequency components, i.e.
and grouped according to Annex B of |

subsequently the maxi
shall be reported

The response of theMwvind turbine to the temporary voltage drops specified in Table 1 shall be
measured so that these can be stated in accordance with 6.5. The stated response shall
include time-series of active power, reactive power, active current, reactive current and
voltage at wind turbine terminals for the time shortly prior to the voltage drop and until the
effect of the voltage drop has abated. The wind turbine operational mode and the 10 min
average wind speed shall be specified.

The active power, reactive power, active current, reactive current and voltage shall be given
for each line period (50 or 60 Hz), and shall be measured as positive sequence fundamentals
— see Annex C.

The test shall be carried out for the wind turbine operating at a) between 0,1 P, and 0,3 P,
and b) above 0,9 P,.

The test can be carried out using for instance a set-up such as the one outlined in Figure 5.
The voltage drops are created by a short-circuit emulator that connects the thﬁe or two
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phases to ground via an impedance, or connecting the three or two phases together through
an impedance.

WT

Z4

Z2

y:

The voltage drop is created by connecting i 5Dy the switch S. The size of Z,
shall be adjusted to give the voltage i ed in Table 1 when the wind turbine is
not connected.

The values of the imp
the test equipment.

The switch S @
disconnection of

but are dg bine not connected to the setup outlined in Figure 5. Without
the wind tur' - ] d, the voltage drop shall be within the shape indicated in Figure 6.

tolerance is insluded
positive sequence

s to account for tolerance in operation of the switch S and that the
wQiage will not drop or rise instantly, but with a slope.
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|
i
|
|

IEC 1300/08

NOTE The test should be carried out at a) be )
operational mode (depending on the wind cond 5 e 09 P to get the response at tougher
conditions.

7.6 Active power

7.6.1 Maximum measured power

The maximum measur:
with 6.6.1 as a
value, P , applying’the.f

e The measured power shall be transferred to 0,2 s average data and 60 s average data by

block averaging.

e Py, shall be determined as the highest valid 0,2 s average value recorded during the
measurement period.

e Pgo shall be determined as the highest valid 60 s average value recorded during the
measurement period.

® Pggoo shall be determined as the highest valid 600 s average value recorded during the
measurement period.

The measurements shall be taken with a measurement set-up as specified in Figure 3, and by
applying voltage and current transformers, and an anemometer with specifications according
to Table 2.

As a guidance, the full-scale range for measuring the current may be two times the rated
current of the wind turbine.
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7.6.2 Ramp rate limitation

The ramp rate limitation shall be tested so that it can be characterized according to 6.6.2. The
following procedure shall be applied:

e The wind turbine shall be started from stand still.

e The ramp rate shall be set to 10 % of rated power per minute.

e The test shall be carried out until 10 min after the wind turbine has connected to the grid.

e The available active power output shall during the whole test be at least 50 % of rated
power.

e The active power shall be measured at the WT terminals.

e The test results shall be reported as 0,2 s average data.

The available active power output shall be read from the céqntro
if the wind turbine control system does not facilitate thi

7.6.3 Set point control

response.

e The set point sign
operation at

e The available a
power.

2. The wind speed shall be stated as a time-series plot with 1 Hz data over the test period.

The available active power output shall be read from the control system of the wind turbine, or
if the wind turbine control system does not facilitate this, an approximate value can be used
based on measured wind speed combined with the power curve of the wind turbine.

7.7 Reactive power
7.71 Reactive power capability

The maximum inductive reactive power and the maximum capacitive reactive power shall be
measured so that it can be stated according to 6.7.1.

e For the measurement of the maximum inductive reactive power the wind turbine shall be

set to the operation mode, which gives the maximum inductive reactive power in the whole
power range.
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e For the measurement of the maximum capacitive reactive power the wind turbine shall be
set to the operation mode, which gives the maximum capacitive reactive power in the
whole power range.

For each of the two setting modes the following procedure shall be applied:
e Measurements shall be sampled during continuous operation only.
e The active and reactive power shall be measured at the WT terminals.

e Measurements shall be taken so that at least thirty 1 min time-series of active and
reactive power are collected at each 10 % power bin.

e The sampled data shall be transferred to 1 min average data by applying block averaging
for each 1 min period.

e The 1 min average data shall be sorted according to the method(of bins so that the

7.7.2 Set point control

The reactive power control by set point value sh hat it can be stated

according to 6.7.2.
For the measurement at a set point of
applied:

e Measurements shall be sampled d
e The active and reactive po

e Measurements sha

e The sampled 3
for each 1 min“per

a table for 0, 10, ...90, 100 % of rated power. Here 0,
oints of active power bins.

. Is.shall be sampled during continuous operation only.

e The active and reactive power shall be measured at the WT terminals.
e The active power output shall be at approximately 50 % of rated power.
e The sampled data for reactive power shall be 0,2 s. average data.

e The set point of reactive power shall be varied according to Figure 2.

e The measured reactive power shall be shown in a graph as 0,2 s. data together with the
set point value of reactive power.

The measurements shall be taken with a measurement set-up as specified in Figure 3 and by
applying voltage and current transformers with the specifications according to Table 2.

7.8 Grid protection

The protection levels and the disconnection times of the WT shall be determined concerning
over- and under-voltage and over- and under-frequency. This shall be done using a separate
3 phase voltage supply, which is variable in voltage and frequency, and fed into thDoeumients
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the WT. The set-point protection levels and disconnection times of the WT controller shall
also be specified. Due to safety reasons these measurements concerning the grid protection
are performed while the generator of the wind turbine is not in operation.

The following procedure shall be applied for the determination of the protection levels:

e Under-voltage protection level, U qer:
The voltage of the separate 3 phase voltage supply shall be decreased in all three phases
from 100 % of nominal voltage at nominal frequency in steps of 1 % of nominal voltage
until the WT disconnects. Each step shall take at least 20 s.

e Over-voltage protection level, U,
The voltage of the separate 3 phase voltage supply shall be increased i
from 100 % of nominal voltage at nominal frequency in steps of 1 %
until the WT disconnects. Each step shall take at least 20 s.

all three phases
Qminal voltage

e Under-frequency protection level, f,q4er:

nominal frequency at nominal voltage in steps of 0,1 Hz y ects. Each
step shall take at least 20 s.

e Over-frequency protection level, f,,q:
The frequency of the separate 3 phase voltage
nominal frequency at nominal voltage in steps
step shall take at least 20 s.

e Under-voltage:
A voltage step.fro
the circuit bré

e Over-voltage:

A voltage step geto Uyyer + 5 % of nominal voltage shall be given to the

circuit breakerof t he seéparate voltage supply.

e Over-freq
A fregquengy inal frequency to f,,e + 1 Hz shall be given to the circuit
breaf

breaker of the WT by the separate voltage supply.
7.9 Reconnection time

The reconnection time shall be tested so that it can be characterized according to 6.9. The
following procedure shall be applied:

e The test shall be carried out once for each of the 3 grid failure times specified in 6.9.

e The average wind speed shall be greater than 10 m/s during the reconnection time.

e The grid should be made unavailable to the wind turbine by opening a breaker in the grid.
This breaker will typically be the MV breaker connecting the wind turbine to the power
collection system. The opening of the breaker shall be done while the wind turbine is in
operation. The grid should be made available again to the wind turbine by closing the
breaker.
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e The failure time is the time between opening and closing the breaker. The breaker would
normally have to be operated manually, and the tester should ensure that the grid failure
time is as specified within a tolerance of £ 1 s.

e The active power shall be measured at the WT terminals.
e The voltage shall be measured at the WT terminals.

e The test results shall be reported based on 0,2 s average data of the power and voltage.
Based on the measured power and voltage, the reconnection time is determined from the
time when the voltage returns to its normal level (between 0,9 and 1,1 pu) to the time
where wind turbine starts producing power again (P > 0).

The measurements shall be taken with a measurement set-up as specified in Figure 3 and by
applying voltage and current transformers with the specifications according

8 Assessment of power quality

8.1 General

ind turbine or a
e results to be

This clause gives methods for estimating the power quality
group of wind turbines when deployed at a specifies

8.2.1 General

The flicker emissi

emission limits as.specifi equation (15) and equation (16) below.
Fst < Epsti (15)
Bt < Epyj (16)

where
Pgi and Py are the short and long-term flicker emissions from the wind turbine installation;
Epgii and Epy; are the short and long-term flicker emission limits for the relevant PCC.

Furthermore, the relative voltage change due to a wind turbine installation shall be limited in
accordance with equation (17) below.

AU,
d < —9n (17)
Un

where
d is the relative voltage change due to a switching operation of a wind turbine installation;
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AU gyn

U is the maximum permitted voltage change.
n

Recommended methods for assessing the flicker emission limits and the maximum permitted
voltage change for installations at medium and high voltage levels are given in IEC 61000-3-7.

The procedure given in the subsequent subclauses is recommended for assessing the flicker
emission and the relative voltage change due to a wind turbine installation.

8.2.2 Continuous operation

The 99th percentile flicker emission from a single wind turbine during centinuous operation
shall be estimated applying equation (18) below.

S
Pgt = By :C('//kﬂ’a)xs_n (18)
where

c(¥,vy) is the flicker coefficient of the wind turbine
angle, y, at the PCC, and for the given

Sn
Sk

1 NWt 2
X | D (ci(Wk,va) X Snj) (19)
i=1

where

¢i(Viova)
Sn,i
N,

wt ber of wind turbines connected to the PCC.

is the nun
8.2.3 Switching operations

The flicker emission due to switching operations of a single wind turbine shall be estimated
applying equation (20) and equation (21) below.

S
Py = 18x NO3! xkf(l//k)xs—n (20)
k

S
By = 8% Ny, Xk (yic) X (21)
k

where ki( ;) is the flicker step factor of the wind turbine for the given y; at the PCC. See also
Note 1.
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The flicker step factor of the wind turbine for the actual y; at the site may be found from the
table of data produced as a result of the measurements described in 7.3.4 by applying linear
interpolation.

In case more wind turbines are connected to the PCC, the flicker emission from the sum of
them can be estimated from equation (22) and equation (23) below.

N 0,31
18 wi
Pstz=§>{zN10m| (kf.(llfk)XSm) ] (22)

N 0,31
8 wt 3 2
Ht2=§>< ZNQOm,iX(kf,i(‘//k)XSn,i) ’

(23)
i=1
where
Niom,i @nd Nygom i are the number of switching operations of the i i i bine within
a 10 min and 2 h period respectively;
ke (i) is the flicker step factor of the indivjeua
Sn.i is the rated apparent power of the indiwvj imd_turbine. See also Note 2.
If there is an overall control system as C|ated \ ¢ installation that limits the

total number of switching operation
effect of this.

(24)
where
d is the relative
ky () is the volta
The voltage e wind turbine for the actual y at the site may be found from
the tabl duce as a result of the measurements described in 7.3.4 by applying

In case more wind™Mdrbines are connected to the PCC, it is still not likely that even two of
them will perform a switching operation at the same time. Hence, no summation effects need
to be taken into account to assess the relative voltage change of a wind turbine installation
consisting of multiple wind turbines.

NOTE 1 Equation (20) and equation (21) may be deduced from B.4.2 applying an observation period of 600 s and
7 200 s respectively.

NOTE 2 Equation (22) and equation (23) may be deduced as equation (20) and equation (21), though including in
the summation the number of wind turbines connected to the PCC. The summation is justified because the

transient part of a switching operation, i.e. the part that significantly contributes to the flicker emission, is normally
of a short duration.

8.3 Current harmonics, interharmonics and higher frequency components

The harmonic currents shall be limited to the degree needed to avoid unacceptable harmonic
voltages at the PCC.
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