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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 2-2: Unit parameters and testing methods —
Application and performance testing

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien.comp
all national electrotechnical committees (IEC National Committees). The object of IEC is to promotelinterng
cd-operation on all questions concerning standardization in the electrical and electronic fields. To this en|
infaddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC (Rublication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in‘the subject dea
may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with the(lntefnational Organizati
Standardization (ISO) in accordance with conditions determined by agreement petween the two organizati

THe formal decisions or agreements of IEC on technical matters express, as‘nearly as possible, an interng
cgnsensus of opinion on the relevant subjects since each technical cogmmittee has representation frd
inferested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N¢g
Committees in that sense. While all reasonable efforts are made to ensure that the technical content g
Pdblications is accurate, IEC cannot be held responsible for<the way in which they are used or fg
misinterpretation by any end user.

In] order to promote international uniformity, IEC Natiofal ‘Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
arly IEC Publication and the corresponding national or, regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of cehformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fd
sgrvices carried out by independent certification bodies.

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

members of its technical committees-and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
eXpenses arising out of the (puplication, use of, or reliance upon, this IEC Publication or any othe]
Pyblications.

N¢ liability shall attach to IEC or its dirtectors, employees, servants or agents including individual experjs and

Attention is drawn to theuNormative references cited in this publication. Use of the referenced publicati
inflispensable for the.correct application of this publication.

Attention is drawngto the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall*net'be held responsible for identifying any or all such patent rights.

IEC $2933-2-2' has been prepared by IEC technical committee TC 120: Electrical En
Storage (EES) Systems. It is a Technical Specification.
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Draft Report on voting

120/249/DTS 120/264A/RVDTS

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

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 62933 series, published under the general title Electrical energy
storage (EES) systems, can be found on the IEC website.

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

—

pconfirmed,
e Withdrawn,

—

bplaced by a revised edition, or

e amended.

t

IMPRORTANT - The "colour inside" logo on the cover page of this-document indicates that
co:]tains colours which are considered to be useful for the corréct understanding of its
contents. Users should therefore print this document using a.colour printer.
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INTRODUCTION

Considering the wide variety of applications of EES systems, it is becoming important to define
the typical application of each EES system depending on its purpose and control types, and
also important to define the corresponding performance testing methods and procedures of the
EES system.

IEC 62933-2-1 describes the general specification of unit parameters and testing methods for
EES systems, in which details of duty cycles for typical grid applications and the associated
performance metrics and testing methods are not covered.

This|part of IEC 62933 focuses on developing generic duty cycles for applications, identifying
releant performance metrics and developing performance testing methods and procedurgs for
EES|systems.
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 2-2: Unit parameters and testing methods —
Application and performance testing

1 Scope

This|part of IEC 62933 defines testing methods and duty cycles to validate the EES system’s
technical specification for the manufacturers, designers, operators, utilities and owners’ of the
EES|systems which evaluate the performance of the EES systems for various applications] The
folloying items are covered in this document. The energy storage devices and technologies are
outside the scope of this document:

— application;

— performance testing methods;

— duty cycles for specific application.

This [document will be used as a reference when selecting testing-items and their correspording
evalyiation methods.

This[document considers applications such as:

e flequency control;

e primary/secondary/tertiary frequency control;

e fluctuation reduction of PV and wind farm;

e reactive-power voltage control;

e power quality events mitigation;

. eak shaving;

e rénewable firming;

e back-up power;

e iglanded grid.

2 ormative.references

The following documents are referred to in the text in such a way that some or all of their coptent
consfitGtes requirements of this document For dated references, only the edition C|ted apy lies.
For 0 any

amendments) applles

IEC 62933-1, Electrical energy storage (EES) systems — Part 1: Vocabulary

IEC 62933-2-1, Electrical energy storage (EES) systems — Part 2: Unit parameters and testing
methods — General specification

3 Terms, definitions and abbreviated terms

3.1

For t

Terms and definitions

he purposes of this document, the terms and definitions given in IEC 62933-1 apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.2
EES:

Abbreviated terms
Electrical energy storage

EESS SOC: State of charge of EES system

POC.

Point of connection

UPS

4 Application of EES system

4.1

The
systd

a)

=0

b) c

(@)

c)

IEC
desc

4.2
4.2.1

EES
and

pred
the f|
or dq

4.2.2

In th
disch
char

han 1 h);

than 1 h), and

Uninterruptable power systems

General

applications of EES systems differ according to their purposes. fhe applications of
ms are classified into three classes:

ass A applications: short duration/power intensive applications (with a duty cycle of
ass B applications: long duration/energy intensive applications (with a duty cycle of

ass C applications: back-up applications.

52933-2-1 provides classification details. <The typical application of each class wi
ribed hereinafter.

Class A applications
Frequency control

systems provide a grid frequency control function to increase the frequency by discha

btermined bandwidth.- The control subsystem in the EES system continuously meas
requency and thenssénds a control signal to the power conversion subsystem to incr
crease the amount of active power injected into the grid or the amount of load on the

Primary/secondary/tertiary frequency control

s application, there is a sudden loss of generation which leads to be made up throu
arge from the EES system. In the case of a sudden loss of load in the grid, ener

EES

less

more

[l be

ging

to reduce the frequency by charging. The system frequency will be controlled within a

ures
case
grid.

gh a
Dy is

jed into the EES.

Generally, the definition of each control is based on the control order and control time period.
The following are example cases for reference.

Primary frequency control comes first and usually it is automatically initiated. It is activated

withi

n a few seconds and lasts up to a few minutes.

Primary frequency control is followed by secondary frequency control if necessary and is
initiated automatically or manually. It should have an activation time typically between 30 s and
up to15 min.

Tertiary frequency control is used to resolve any additional imbalance that exists after the
primary and secondary frequency control has been carried out. It should have an activation time

typic

ally between 15 min and several hours.
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The activation time period of these controls is usually set in the grid code of each country or
region.

4.2.3 Fluctuation reduction of PV and wind farms

An EES system is used to reduce the rapid fluctuations of the power output from PV and wind
farms. The purpose of fluctuation reduction of the power output from PV and wind farms is to
help to meet the ramp rate requirements. This action will mitigate frequency variation and
stability issues at both feeder and transmission levels particularly with high penetration PV and
wind farm scenarios.

At the feeder level, fluctuation reduction of PV and wind farm is implemented to mitigate yoltage
flickgr and voltage deviations from desired bands. At the transmission level, PV and winhd [farm
varigbility can require an additional operating reserve to be set aside. This can cause)traditjonal
power generation facilities to be cycled on/off more often than desirable.

The method by which the EES system can provide reduction of PV and wind_farm output ppwer
fluctation is to absorb or supply active/reactive power at appropriate tihes as determingd by
a control system resulting in a less variable composite power signallat the feeder and/or
trangmission level.

4.2.4 Reactive-power voltage control

The feactive-power voltage control application addresses the fluctuations in the grid voltage by
provi{ding reactive power support. EES systems inject reactive power as the grid voltage|dips
and absorb reactive power as the grid voltage increases.

4.2.4 Voltage sag mitigation

The gag or interruption in voltage potentially‘causes power disturbances that negatively impact
powegr quality. EES systems mitigate voltage sags by discharging real power for up to g4 few
tens|of seconds. The application of an.EES system to improve power quality does not require
the BES system to provide enough energy for customers to ride through sag or interruption.

NOTH An event duration of more than } min is considered as outage mitigation.
4.3 | Class B applications

4.3.1 Peak shaving

The EES system disCharges stored energy into the grid upon an excess or peak of demand or

absdrbs excess energy, available in the grid, for storage. With this balancing a time |shift
between power'generation and electricity usage is achieved.

Examples-of this application include energy time shift of conventional/wind/solar/base load-
gendration, and include transmission/distribution grid congestion relief

4.3.2 Renewable firming

Renewable firming is the use of an EES system to provide energy to supplement renewable
power generation such that their combination produces steady power output over a desired time
window. More precisely, the purpose of renewable firming is to provide energy (or conversely,
to absorb energy) when renewable generation falls below some threshold (or conversely,
exceeds this threshold).

This service is performed to provide steady power output over a desired time window, usually
a period of multiple hours. Typically, the threshold is based upon the forecasted nominal
renewable power generation over the desired time window. Thus, the EES system is
compensating for the forecast uncertainty in actual renewable generation during that time
window.
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The method by which the EES system performs this service is described as follows. The EES
system discharges power during periods for which renewable generation falls short of the
threshold and absorbs power when renewable generation exceeds this threshold.

4.3.3 Islanded grid

The EES supports in islanded grids their multiple loads, distributed energy generation and
storage resources. In such a service the EES system provides energy to the load of the islanded
grid. The EES system converter typically operates in the voltage/frequency mode to control the
islanded grid.

The EES systems supply the islanded grid for a limited time when the power supply froam the
other grid is interrupted for some reason.

4.4 | Class C applications

EES|systems used as back-up power are independent sources of electrical,power that support
critical loads on loss of normal power supply. Back-up power systems are,faorexample, installed
to protect life and property from the consequences of loss of primary.electric power supply.
Uninterruptable power systems (UPS) are out of the scope in this application.

5 [Parameter testing methods for application

5.1 Parameter tests
5.1.1 General

Parameter tests shall be conducted for all EES<systems regardless of intended applicatipn(s)
in agcordance with Clause 5, and the results shall be used to determine EES syptem
perfgrmance that can be subsequently used as a baseline to assess any changes in the
condjition of the EES system and performance over time and use. Parameter tests shall be
conducted to determine baseline performance of the EES system prior to duty cycle testing.

5.1.2 Actual energy capacity

The jactual energy capacityl. of the EES system shall be tested at rated power, and at $hort
duration input power or at additional power values different from rated power if such parameters
are required.

The gnergy capacity shall be evaluated as the product of the rated output power and the optput
duration time.<{Phe values of the output power from the EES system shall be obtained aft the
feed

shall

5.1.3 Roundtrip efficiency

The roundtrip efficiency test shall be conducted to determine the amount of energy output that
the EES system can deliver, relative to the amount of energy input into the EES system during
the preceding charge and discharge.

The roundtrip efficiency test shall be performed in accordance with the test methods defined in
IEC 62933-2-1.
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5.1.4 Step response time and ramp rate

The step response time of the EES system is the duration of the time interval between the
instant when the set point value is received at the EES system and the instant when the active
power at the POC starts to stay within +2 % of deviation from the set point. The ramp rate of
the EES system is the average rate of active power variation per unit time.

The response time and ramp rate of the EES system shall be performed in accordance with the
test methods defined in IEC 62933-2-1.

5.1.5 Auxiliary power consumption

The auxiliary power consumption shall be measured with the ESS system connected tothe’POC.
The auxiliary power consumption of the EES system shall be tested in accordance wijth thg test
methods defined in IEC 62933-2-1.

5.1.6 Self-discharge
The self-discharge of the EES system is the energy loss of the EES system’in the stopped ftate

during the standard measurement time. The self-discharge of the EES-system shall be tgsted
in agcordance with the test methods defined in IEC 62933-2-1.

5.1.7 SOC

The ptate of charge (SOC) of the EES system (EESS SOC) is the ratio between the available
enerfy from the EES system and the actual energy capacity, expressed as a percentage| The
availpble energy is defined in IEC 62933-1.

The jesting methods of available energy are defined in IEC 62933-2-1.

5.2 | Duty cycle performance tests
5.2.1 General

Duty| cycle performance tests shall be conducted for each intended application of an |EES
system using the duty cycles-as defined in Clause 6.

5.2.2 Duty cycle roundtrip efficiency

The Huty cycle roundtrip efficiency is used in the determination of the performance of the [EES
system for each<«application duty cycles defined in Clause 6.

The duty cyecle roundtrip efficiency of the EES system shall be tested in accordance with the
test methods defined in IEC 62933-2-1.

5.2. Reference signal tracking

The ability of the EES system to respond to a signal for the duration of the duty cycle for each
intended application of the EES system reflects the ability of the EES system to track the signal.

The tests of the ability should be conducted by Formula (1) to Formula (4) below separately for
each intended application of the EES system while applying the duty cycle relevant to each
intended application of the EES system. The procedures of the tests are as follows.

The ability should be defined and determined by the manufacturer of the EES system in
accordance with the provisions of Clause 6. The signal should be changed in accordance with
the duty cycle(s) for each intended application of the EES system.
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The manufacturer of the EES system should also determine and report separately the total
percentage tracking and the times when the EES system stops tracking and restarts tracking
as an indication of whether the EES system is capable of tracking high peaks and/or high energy
half-cycles.

The manufacturer should also determine whether the EES system can go through the required
duration of the duty cycle without reaching the lower or upper EESS SOC limits. This should be
performed during the application of the relevant duty cycle as described in Clause 6, and any
time during that period when the EES system indicates an ability or inability to follow the signal
should be reported.

An inability for the power signal to follow the signal shall be considered a situation wher¢ the
EES|system cannot deliver or absorb the required signal power during the duration-when the
signal is to be changed.

For the energy signal, an inability to follow the signal shall be considered a situation wherg the
EES|system cannot deliver or absorb the required energy signal during the-duration when the
enerfy signal remains positive or negative, respectively. Simulations-'ofi'the signal cap be
applied for the testing.

NOTH There are some cases where the inability of the EES system to follow.the“signal is not caused by the¢ EES
system performance itself but by the external conditions such as energy capacify specified under some restrigtions
or changing of the SOC limits set-points by the external control system.

The pbility of the EES system to respond to a signal should’be measured during the duty ¢ycle
rounftrip efficiency test. The residual sum of squares orthe sum of the square of errors between
the power signal (Pgjgn4) @and the power delivered or@bsorbed by the EES system (Pgqs) stfould

be cplculated in accordance with Formula (1) and-used to estimate the inability of the |EES
system to track the signal.

2
Z(Psignal 'Peess) (1)
N

API\=

where

APT| is the ability of the power signal tracking,
Pgignhl is the power signal,

P is the EESysystem power (watts), and

ees

N is the-namber of data during one duty cycle.

The measurements should be taken at every point in time that the EES system receivles a
changedn the power signal. The sum of the absolute magnitudes of the difference betweep the

OWer siaoonal AanA EEQ ovcotam nawvunr chanlld ha ~alanilatnd in annnrAana~n aith Earmala (D)
powersigratand-EES-systempewersheuld-be-caleulated-inaccordance-with-Formula{2).

Z|Psignal - Peess (2)
N

APTA =

where

APTA is the ability of power signal tracking in absolute.

The sum of the absolute magnitudes of the difference between the signal energy and EES
system energy should be calculated in accordance with Formula (3) and reported by the
manufacturer of the EES system to account for the inability of the EES system to follow the
signal due to the EES system reaching the EESS SOC limits provided in the manufacturer’s
specifications and operating instructions.
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z |Esignal - Eeess
N

AETA =

where

AETA is the ability of energy signal tracking in absolute,

The

(positive or negative),

sess IS the energy supplied to or absorbed by the EES system for each half-cycle, and

2022

@)

signal is the signal energy for a half-cycle, with the half-cycle being the signal of the same sign

is the number of data during one duty cycle.

where (Pgignal = Peess) / Psignal i less than 0,02 should be determined in aceordance

Form

the HES system.

Whe

cons

of th
with

wher

PST
5.3

The
are

appl

N | Psignal = Peess) ! Psignal | is less than a certain value, the (EES system shoul

idered to track the signal. The percentage of time the signal is tracked during the dur
e duty cycle for the application(s) of the EES system should be determined in accord
Formula (4)

time signal is tracked, (h)
duration of the duty eycle (h)

PST = 100

e
is the percentage of signal tracking.

Test items for each application

barameter test and duty cycle performance test items that are required for each applic
shown in Table 1. If the EES system has implemented the functionality of mu
cations, all the tests corresponding to each application shall be performed.

otal time when the EES system cannot follow the power signal and the percentage tracked

with

ula (4). However, the value of 0,02 should be determined by negotiation‘with the usjer of

d be

ation
ance

(4)

ation
Jtiple
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Table 1 — Test items for each application

Test items | Frequency | Primary/ |Fluctuation| Reactive- Power Peak |[Renewable| Islanded
control secondary/ | reduction power quality shaving | s firming grid
tertiary of PV and voltage events
frequency | wind farm control mitigation
control
Actual
energy J V J y J y J J
capacity
Roundtrip
efficiency v v v v v v v v
Step
respdnse
time hnd J V J v J J J
ramp|rate
Auxiliary
powef \ v \ v \ v \/
consymption
Selt v v v v v o v
dischprge
socC v v v v v v v
Duty fycle
roundtrip S v S A N S
efficigncy
Reference
signa \ v \ v \ \
tracking

6 Duty cycle for specific applications

6.1
The

General

duty cycle patterns described in Clause 6 should be considered to apply for specific

applications. Otherwise the dufy cycle pattern shall be specified the by the user and sygtem
suppllier. In either case, it shall'be agreed between user and system supplier.

6.2
6.2.1
The

Frequency control

Frequency. control duty cycle

EES|system:for a frequency control application.

The

fduty cycle‘presented in Figure 1 should be applied in determining the performance

df an

Huty’ cycle in Figure 1 is shown as power normalized with respect to the rated power df the

EES system over a 24 h time period, where positive represents a discharge from the EES
system and negative represents a charge into the EES system as a function of time in hours.

The initial EESS SOC should be set according to the manufacturer’s specifications and
operating instructions. At the end of the application of the duty cycle in conducting the testing

under 5.2, the EES system should be brought back to its initial EESS SOC.
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Figure 1 — Frequency control duty caéie%

Peall power (1,0 p.u.) should be determined and applied Q&gure 1 testing considering the
interjded control value for 4F under the concept of Figure 4

Ny

The fest pattern is based on actual field conditionsQQorth American power grids and cgn be
adagted to local operating conditions as needed. \\

b

The fest evaluation is for one duty cycle. It$@5 not mean to ensure the operation for muftiple
duty|cycles. If the number or pattern of ging processes affects battery performance|in a
long|period of time, the number should ubject to the manufacturer's individual specification
or the pattern should be agreed bet n the user and manufacturer for the EES system to
perfqrm with the expected perform@ce throughout the life of the battery.

N
Test| conditions such as \Qg'é of constant-current/constant-voltage supply, maximum
currgnt/voltage, or tempera range should be specified prior to testing based on the bgttery

technology and the ma@{@cturer's individual specification.

6.2.2 Primaryls(cbndaryltertiary frequency control duty cycle

The duty cy(@ﬁgure 2a) and b) should be applied in determining the performance ¢f an
EES|syste a frequency control application. The duty cycles shown in Figure 2a) and b)
cover a (%ry frequency control situation during a sudden loss of generation.

Th' <l ] ol 4 |l il 4 A H o £ 20 44 H 1 t'
IS auty—Cycrecorresponastoan o Systemarscnargerorsu—S—at- T mihpeakpower—rdling,

a rest for 29 min, and then repeats this same pattern of use over a period of 24 h or to a point
in time when when the EESS SOC reaches to the lowest limit. Figure 2a) shows the entire duty
cycle over 24 h, while Figure 2b) shows the magnified portion of the duty cycle in order to
provide detail on the discharge characteristics.

The duty cycles in Figure 3a) and b) cover a secondary frequency control situation where the
duty cycle duration is such that energy is withdrawn or absorbed under the appropriate peak
power of the EES system rating.

This duty cycle corresponds to a continuous 20 min EES system discharge, a rest for 40 min,
and then repeats this same pattern of use over a period of 24 h or to a point in time when the
EESS SOC reaches the lowest limit.
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While the captions to Figure 2 and Figure 3 only mention discharge, the duty cycles represented
in these figures apply to both discharge (sudden loss of generation) and charge (sudden loss
of load). The initial EESS SOC should be set at maximum EESS SOC for sudden loss of
generation and at minimum EESS SOC for sudden loss of load.

At the end of the application of each duty cycle, the EES system should be brought back to its
initial EESS SOC by charging (for a sudden loss of generation) or discharging (for a sudden
loss of load) at rated power before the application of another duty cycle.

When necessary, tertiary frequency control should be applied with an activation period from

15 min_to hours over a period of 24 h, or to a point in time when the EESS SOC reaches the
lowept limit.
Peal power (1,0 p.u.) should be determined and applied to Figure 2 and Figure,3 tepting
consfdering the intended control value for 4f under the concept of Figure 4.
The [test conditions such as the use of constant-current/constant-voltageysupply, maximum
currgnt/voltage, or temperature range should be specified prior to testing based on the bdttery
technology and the manufacturer's individual specification.
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Figure 2 — Primary frequency control signal — 24 h duty cycle with 30 s
discharge every half hour shown over a) 24 hand b) 2 h
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Figure 3 —@%)ndary frequency control signal — 24 h duty cycle with
20 @n discharge every hour shown over a) 24 h and b) 3 h

6.2.3 De '%n control of frequency

Subclau@Zﬁ describes the test method for deviation control of the grid frequency.

Figure 4 shows an example of droop active power control for the grid frequency.

The key parameters of the frequency deviation control test are shown schematically in Figure
4,
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Figure 4 — Example of droop active power frequency control with a dead band

Regarding frequency deviation control (frequency control, primary/secondary/tertiary), the|EES
system controls the frequency deviation based on the following formula which uses the artive
sign |convention (a positive value of P corresponds to\a power injection whereas a negptive
valu¢ of P corresponds to a power absorption).

P—P, = Kx{f - (f, + fdb)) (5)
where
P [MW] is the active powef output of the EES system;
Pc [MW] is the active power set point of the EES system at nominal frequency f,.
fHz is the frequency measured on the grid;
Jn [HE] is the pominal frequency (50 Hz or 60 Hz);

K [MW/Hz] is the\proportional gain for the P-f characteristic of the entire grid system;
fdb [Hz] is‘the dead band frequency;
Rp[M'W] is the maximun reserved power for frequency control.

Since_the proportional gain K is the dependent factor of each grid, K should be acquiredlfrom
the grid design specification or experimental approach if the design specification is not available.

The EES system should be tested to confirm that the expected P can be obtained by the input
set point of 4f following the characteristics of Figure 4. The minimum resolution of the input set
point (e.g. 0,1 Hz or 0,05 Hz) should be decided based on the design specification. It can also
be subject to regional requirements if any.

The dead band parameter is dependent on the grid design and associated power generation
system. The formula 47 (f— (f— (fn + fdb)) shall be used to generate the set point value if a dead
band value exists.
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6.3 Fluctuation reduction of PV and wind farm

The EES system that charges and discharges according to an input command and an output
command received from an external controller such as EMS, should be checked to verify
whether it operates normally according to a defined duty cycle pattern for confirming the
performance in fluctuation reduction for photovoltaic and/or wind farm application.

The duty cycle patterns described in 6.3 should be considered to apply for specific applications.
Otherwise the duty cycle pattern shall be specified by the user and system supplier. In either
case, it shall be agreed between the user and system supplier.

The ILduty cycle in Figure 5 is to be applied when the performance of an EES system for
flucthation reduction in PV (photovoltaic energy systems) is to be evaluated in a reduction of
the fluctuation in PV installations. The numerical data are provided in Annex A.

The Huty cycle in Figure 5 is shown as power normalized with respect to the input and output
powgr rating of the EES system over a 10 h time period, where a positive sign repregents
discharge from the EES system and a negative sign represents charge into,the EES system as
a furfction of time in hours.

The |initial EESS SOC should be set according to the manufacturer’s specifications| and
operpting instructions.
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Figure 5 — Duty cycle of fluctuation reduction of PV (photovoltaic energy systems)

The duty cycle in Figure 6 is to be applied when the performance of an EES system for
fluctuation reduction in wind farm energy systems is to be evaluated.

The duty cycle shown in Figure 6 is a combination of the 2 h duty cycle patterns shown in Figure
7 to Figure 9. The duty cycle consists of two sets of average deviation signals, two sets of high
deviation signals and one set of low deviation signals, which are shown in Figure 7, Figure 8
and Figure 9.

The duty cycles in Figure 6, Figure 7, Figure 8 and Figure 9 are shown as power normalized
with respect to the input and output power rating of the EES system over a 24 h time period,
where a positive sign represents discharge from the EES system and a negative sign represents
charge into the EES system.
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The initial SOC of the EES system should be set as 0,5. At the end of the application of a duty
cycle in conducting the testing under 5.2, the EES system should be brought back to its initial
EESS SOC before the application of another duty cycle. The process of the SOC being brought
back should be carried out under the required condition of the adopted EES system specification
if any.

Normalized power (p.u.) should be specified based on agreement between the user and
manufacturer since the EES system normalized power has to be determined considering the
capacity of the PV and wind farm.

NOTE The test evaluation is for one duty cycle. It does not mean to ensure the operation for multiple duty cycles.

If thg number or pattern of charging processes affects battery performance in a long period of
time) the number should be subject to the manufacturer 's individual specification or-the pattern
should be agreed between the user and manufacturer for the EES system to perform with the
expected performance throughout the life of the battery.
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Figure 6.— Duty cycle of fluctuation reduction of wind farm
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Figure 7 — Duty cycle of fluctuation reduction of wind farm (low standard deviation)
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Figure 8 — Duty cycle of fluctuation reduction of wind farm (average standard deviafion)
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Figure 9 ='Duty cycle of fluctuation reduction of wind farm (high standard deviatign)

6.4 | “Reactive-power voltage control

The EES system is connected to the test facility (grid simulator) operating within the nominal

voltage range. The nominal operating voltage at the POC falls within the lower limit U,;, and
upper limit U,

max-

The initial EESS SOC should be set at the value determined by the supplier at less than full
charge.

The initial active power of the EES system should be set at 100 %, 50 %, 0 %, -50 % and -100 %
or the specified states should be agreed between the system supplier and user.

Using the test facility (grid simulator), the voltage at the POC should transition from 1,0 p.u. to
the new voltage value according to the test profile shown in Table 2 and Figure 10 or a specified
profile should be agreed between the system supplier and user.
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The voltage, active power and reactive power at the POC should be measured to confirm that
they are the expected values.

NOTE This test is to confirm the intended active power and reactive power in the parameter of the voltage. Active
power and reactive power can be decided by agreement between the user and manufacturer within the limitation of
the EES system rating.

Table 2 — Reactive-power voltage control test profile

Time (seconds) \oltage (nominal% )
0 100
30 100
30 106
60 106
60 94
90 94
90 100
120 100
135 106
150 106
180 94
195 94
210 100
240 100
245 106
250 106
260 94
265 94
270 100
300 100
3 A
108
106
=+ 104
K
102
100
98
96
94
92 -
0 30 60 90 120 150 180 210 240 270 300

Time (s)
IEC

Figure 10 — Reactive-power voltage control test profile

6.5 Voltage sag mitigation

The EES system is connected to the test facility (grid simulator).

The operating mode and initial state (EESS SOC, active power and reactive power) should be
agreed between the system supplier and the user, and each operating mode and initial state
should be tested.
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For voltage sags, changes in supply voltage (test levels, durations and phase shifts) should
comply with [IEC 61000-4-11, IEC 61000-4-34 or be agreed between the user and manufacturer.

The EES system should be tested for each selected combination of test level and duration with
a sequence of three sags with intervals of 10 s minimum (between each test event).

For the voltage sags test of three-phase systems with neutral, each individual voltage (phase-
to-neutral and phase-to-phase) should be tested, one at a time. For the voltage sags test of

three-phase systems without neutral, each phase-to-phase voltage should be tested, one at a
time.

Thelest profiles are shown in Figure 11 to Figure 14. The voltage, active power and reactive
power at the POC should be measured to confirm that the EES system outputsCexpgcted

active/reactive power against voltage during and after sags.
NOTH 1 This test is to confirm the intended active power and reactive power in the parameter, of the voltage. Active
powel and reactive power can be decided by agreement between the user and manufacturer. within the limitafion of
the EES system rating.
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Figure 11 — Voltage sag mitigation test profile (test level: 80 %)
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Figure 13 — Voltage sag mitigation test profile (test level: 40 %)
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e 11 to Figure 14 are examples of a test profile for three-phase systems without ne

test profile should be decided according to JEC 61000-4-11, IEC 61000-4-34 o
ement between the system supplier and the useb.

2 The test evaluation is for one duty cycle. It does 1ot mean to ensure the operation for multiple duty ¢
Peak shaving
“One charge-one discharge’”‘mode

duty cycles presented in 6.6%hould be used in the determination of the performan
ms intended for peak-shaving applications and should use the charge and discharge
d to allow the duty-cycle 'profile to be applied in the same manner to different technolg
rdless of system size,.type, age, and condition.

duty cycle test applied in determining system performance should be in accordance
e 15. In applying the duty cycle test, the discharge power and EESS SOC range for
cycle should\be selected such that the power remains constant throughout the req
arge period (6 h, 4 h and 2 h for Case-1, Case-2 and Case-3, respectively, shown in F

utral.
r by

cles.

e of
time
gies

with
cach
lired
gure

ofithe cases should have a total of 12 h of charge duration. The associated discharge

and

float

charge periods bring the total duration of each case of duty cycle 10 Z4 h.

While Figure 15 shows the cases for a midnight-to-midnight day with an evening peak, for the
purposes of testing, the test starts with a discharge at 13:00 for Case-1, 14:00 for Case-2 and
15:00 for Case-3.

Prior to the test, the EES system should be brought to the maximum EESS SOC by charging at
rated power. When conducting performance tests using these cases, the EES system should
be returned to the same EESS SOC as the EESS SOC at the start of the test, which is the

maxi

mum EESS SOC.

As such, each case consists of a charge, followed by active standby, discharge, active standby,
and a topping-off to bring the EES system to the initial EESS SOC.
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NOTE The described cases are practical examples for peak shaving application.

The period pattern policy can be subject to regional requirements if any.

1) Charge period: During the charge period, the EES system should be charged at constant
power to bring the EES system to its upper EESS SOC limit.

2) Discharge period: During the discharge period, the EES system should be discharged at
constant power until the minimum EESS SOC level for the discharge power used, as
specified by the EES system manufacturer, is reached.

3) Float period: During the float period, the EESS SOC level should be maintained more than
the low I|m|t even with the operat|on of any mternal support loads for the EES system such

= C inue

tions
nd operating instructions. Discharging of the EES system that does not senvelsa|load
eixternal to the EES system should be permitted during the float period.

If thg manufacturer's specification indicates that the final phase of the charging process implies
the Ipwering of power, it shall be followed.
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a) Peak shaving duty cycle: Case-1, 6 h discharge
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b) Peak shaving duty cycle: Case-2, 4 h discharge
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c) Peak shaving duty cycle: Case-3, 2 h discharge

Figure 15 — Duty cycle for peak shaving application
of “one charge-one discharge” mode

6.6.2 “Two charges-two discharges” mode

In some cases, there are two peaks of electricity demand in 24 h, around noon and in the
evening. For this case, the duty cycle should have a total charge time of 13 h: the required
discharge period duration of 08:00 to 12:00 and 17:00 to 21:00 , and a float period after charge
and discharge that brings the total duration duty cycle to one 24 h period.

Figure 16 shows the case for a midnight-to-midnight day with a noon peak and an evening peak.
For the purposes of testing, the test starts with a discharge beginning at 8:00 for a 4 h period,
then charging for a 5 h period (12:00 to 17:00), and then discharging again for a 4 h period
(17:00 to 21:00).

Prior to the test, the EES system should be brought to the maximum EESS SOC by charging at
rated power. When conducting performance tests using the case, the EES system should be
returned to the same EESS SOC as the EESS SOC at the start of the test, which is the maximum
EESS SOC.
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The duty cycle of the case consists of a charge, followed by discharge, charge, discharge,
active standby, and a top-off charge to bring the EES system to the initial EESS SOC.

NOTE The described case is practical example for peak shaving application.

The period pattern policy can be subject to regional requirements if any.

1) Charge period: During the charge period, the EES system should be charged at constant
power to bring the EES system to its upper EESS SOC limit.

2) Discharge period: During the discharge period, the EES system should be discharged at
constant power until the minimum EESS SOC level for the discharge power used, as
pecified by the FES system manufacturer, is reached

If thg manufacturer's specification indicates that the final phase of the charging process imLIies
a lowering of power, it shall be followed.

A

| 7 7
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Figure 16 — Duty cycle for peak shaving‘of“two charges-two discharges” mode

6.7 | Renewable firming

The EES system, which charges and discharges according to an input command and an optput
command received from an external controller such as EMS, should be checked to Verify
whether it operates with the same“output as the command value according to a defined|duty
cyclg pattern to confirm the performance in photovoltaic and/or wind farm firming application.

The Huty cycle presented.in Figure 17 should be applied in determining the performance ¢f an
EES|system in a renewable firming application. The numerical data are provided in Annex A.

The |duty cycle shewn in Figure 17 is shown as power normalized with respect to the fated
powgr of the EES'system, where a positive sign represents discharge into the EES systen]| and
a negative sign represents charge from the EES system as a function of time in hours.

and
the

Normpalized power ( ) should be specified based on agreement between the user
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Figure 17 — Duty cycle for renewable firming-mode

Islanded grid

FES system that charges and discharges according t0'an input command and an o
and received from an external controller such-as EMS, should be checked to V
er it operates with the same output as the command value according to a defined
pattern to confirm the performance in an islanded grid application.

juty cycle patterns described in 6.8 should’be considered to apply for specific applicat
rwise the duty cycle pattern shall be specified by the user and system supplier. In €
, it shall be agreed between the useriand system supplier.

duty cycles presented in Figure 18, Figure 19, and Figure 20 should be applig
mining the performance ofsan EES system in an islanded grid application. The numg
are provided in Annex A:

duty cycles in Figure. 18, Figure 19, and Figure 20 are shown as power normalized
pct to the input and)output power rating of the EES system over a 24 h time period, whe

5 as a functionh ‘of time in hours.

initial ‘EESS SOC should be set according to the manufacturer’s specifications
ating instructions. At the end of the application of the duty cycle in conducting the te
r5{2, the EES system should be brought back to its initial EESS SOC.

itput
erify
duty

ons.
ither

d in
rical

with
reas

ositive sign represents discharge from the EESS and a negative sign a charge int¢ the

and
sting

The first duty cycle in Figure 18 corresponds to the use of the EES system in islanded grids
including fluctuation reduction of renewable energy sources (power) and frequency control.

The second duty cycle in Figure 19 corresponds to the use of the EES system in islanded grids
with fluctuation reduction of renewable energy sources (power) and without frequency control.

The third duty cycle in Figure 20 corresponds to the use of the EES system in islanded grids
without fluctuation reduction of renewable energy sources (power) and without frequency
control.
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Figure 18 — Duty cycle for fluctuation reduction of rénewable energy
sources (power) and frequency control
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Figure 19 — Duty cycle for fluctuation reduction of renewable
energy sources (power) without frequency control
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Figure 20 — Duty cycle without fluctuation réduction
of renewable energy sources (power) or frequency control

Back-up power

General

following test should be considered for back-up power applications since the duty
ot be specified for emergency cases.

Grid outage test

FES system and the emergency 1dads are connected to the test facility (grid simulato

The [nitial EESS SOC and the power flow should be set at the value determined by the sup

The
to th

The
supp
frequ
mea
load

grid is stopped and it should be verified that the EES system operates correctly acco
e procedure and supplies’power to the emergency loads disconnected from the grid.

cycle

r).

Dlier.
ding

emergency loads_are set to the maximum power that the EES system can continugusly
ly during back-up power operation. The three-phase voltage, three-phase cunrent,

ency and total harmonic distortion (THD) of the voltage and current at the POC shou

sured fromdefore the grid is stopped until the maximum power is supplied to the emerg

p .

6.9.3

Step load test

d be
gncy

While the grid is stopped and the EES system discharges to the emergency load or charges
from the distributed generation, the emergency loads or the distributed generations are changed
in steps from 0 %, 100 %, 0 % (the state time period is 30 s), -100 % to 0 %.

The initial EESS SOC should be set at the value determined by the supplier.

The emergency loads are three-phase balanced. The three-phase voltage, three-phase current,
frequency and total harmonic distortion (THD) of the voltage and current at the POC should be
measured.
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6.9.4 Unbalanced load test

While the grid is stopped the EES system should be verified to supply unbalanced emergency
loads.

The initial EESS SOC should be set at the value determined by the supplier. Unbalanced
condition of emergency loads should be decided by agreement between user and system

supp

lier.

The three-phase voltage, three-phase current, frequency and total harmonic distortion (THD) of

the v

oltage and current at the POC should be measured.

6.9.5

If th
diffe

functlions operate properly.

6.9.6

The
the H

The

The

and it should be verified that the EES system operates correctly according to the procedure

that

The
the

eme
grid.

Function test

ere is a function to coordinate the operation of multiple power sources (same tyg
ent types), as well as a function to adjust the load, etc., it should be confirmed that t

Grid recovery test

EFES system and the emergency loads are connected to the test.facility (grid simulator
ES system supplies the maximum power to the emergency. loads.

nitial EESS SOC should be set at the range determined by the supplier.

grid is recovered to the voltage and frequency range that the EES system can intercor

he emergency loads are reconnected to the\grid.

hree-phase voltage, three-phase current, frequency and total harmonic distortion (TH
oltage and current at the POC should be measured from when the EES system
gency loads are operating in bagk-up power mode to when they are reconnected t

e or
hese

and

nect
and

D) of
and
b the
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Annex A
(normative)

Numerical data for duty cycle

The numerical data of figures (Figure 1, Figure 5, Figure 7, Figure 8, Figure 9, Figure 17, Figure
18, Figure 19,and Figure 20) presented in the main text are referred to in Table A.1 to Table
A.9 of Annex A.
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Table A.1 — Numerical data of Figure 1 (duty cycle of frequency control)

Time Signal Time Signal Time Signal Time Signal Time Signal
0:00:00 -0,1442510 | 0:12:00 -0,3647994 | 0:24:00 0,1400905] 0:36:00 -0,0694701 | 0:48:00 0,0202450
0:00:04 | -0,1296482| 0:12:04 | -0,3972630 | 0:24:04 0,1491455] 0:36:04 -0,0570291 | 0:48:04 -0,0042709
0:00:08 [ -0,1360135| 0:12:08 | -0,4235686 | 0:24:08 0,1429416 ] 0:36:08 | -0,0602346 | 0:48:08 [ -0,0071686
0:00:12 -0,1423788 | 0:12:12 -0,4498743 | 0:24:12 0,1367377] 0:36:12 -0,0634400 | 0:48:12 -0,0100663
0:00:16 -0,1487441| 0:12:16 -0,4684676 | 0:24:16 0,1390261 | 0:36:16 -0,0595294 | 0:48:16 -0,0157852
0:00:20 -0,1551094 | 0:12:20 -0,4793486 | 0:24:20 0,1498067 ] 0:36:20 -0,0532467 | 0:48:20 -0,0243252
0:00:24 | -0 1614747 0:12:24 | 049022968 0-24:24 | 01605873 | 0:36:24 | -00484124) 0:48:24 | .0 0328652
:00:28 -0,1500133 | 0:12:28 -0,5088031 | 0:24:28 0,1760439 ] 0:36:28 -0,0479230 | 0:48:28 -0,04.14082
:00:32 -0,1385518 | 0:12:32 -0,56273765 | 0:24:32 0,1915005] 0:36:32 -0,0474336 | 0:48:32 -0,0499442
:00:36 -0,1135257 | 0:12:36 -0,5459499 | 0:24:36 0,2061388 | 0:36:36 -0,0521236 | 0:48:367)| -0,0617316
:00:40 -0,0839780 | 0:12:40 -0,5645233 | 0:24:40 0,2199587 | 0:36:40 -0,0585401 | 0:48:40 -0,0767644
:00:44 [ -0,0544303 | 0:12:44 | -0,5805601| 0:24:44 0,2337787 | 0:36:44 -0,0686179 | 0:48:44 -0,0917912
:00:48 -0,0321212 | 0:12:48 -0,5889868 | 0:24:48 0,2264872 | 0:36:48 -0,0896795) 0:48:48 -0,0819491
:00:52 -0,0098121| 0:12:52 -0,5974134 | 0:24:52 0,2191957 | 0:36:52 -0,1107411 | 0:48:52 -0,0721009
:00:56 0,0050135] 0:12:56 -0,6046434 | 0:24:56 0,2102990 | 0:36:56 40,1280269 | 0:48:56 -0,0699927
:01:00 0,0123557 | 0:13:00 | -0,6106769| 0:25:00 0,1997969 | 0:37:00( | -0,1440541] 0:49:00 [ -0,0756245
:01:04 0,0196979] 0:13:04 | -0,6167104 | 0:25:04 0,1892948 | 0:37:04/| -0,1558742| 0:49:04 -0,08125¢3
:01:08 0,0056427 ] 0:13:08 -0,6227438 | 0:25:08 0,1696917 ] 0:37:08 -0,1550728 | 0:49:08 -0,1039842
:01:12 -0,0084124 | 0:13:12 -0,6287773 | 0:25:12 0,150088%}\ 0:37:12 -0,1542714 | 0:49:12 -0,1267121
:01:16 -0,0161353 | 0:13:16 -0,6455597 | 0:25:16 0,1259547 | 0:37:16 -0,1688984 | 0:49:16 -0,1342419
:01:20 [ -0,0175260| 0:13:20 | -0,6730911] 0:25:20 0;0972898 | 0:37:20 | -0,1886682| 0:49:20 [ -0,13670%6
D:01:24 | -0,0189167 | 0:13:24 [ -0,7006224 | 0:25:24 0,0686250 | 0:37:24 | -0,1987868 | 0:49:24 -0,1391693
:01:28 [ -0,0074832| 0:13:28 | -0,7259023 | 0:25:28 0,0736096 | 0:37:28 | -0,1799520 ] 0:49:28 | -0,1 396640
:01:32 0,0039504 | 0:13:32 -0,7511821 | 0:25:32 0,0785942 | 0:37:32 -0,1611173 | 0:49:32 -0,1401637
:01:36 0,0169371 | 0:13:36 -0,7637302 |\ ~0:25:36 0,0729927 | 0:37:36 -0,1404200 | 0:49:36 -0,1396735
:01:40 0,0304414] 0:13:40 -0,7635468 | 0:25:40 0,0568050 ] 0:37:40 -0,1191019 | 0:49:40 -0,1381984
D:01:44 0,0439458 ] 0:13:44 | -0,7633625| 0:25:44 0,0406173] 0:37:44 | -0,0872460 | 0:49:44 | -0,1367233
:01:48 0,0658591] 0:13:48 -0,7416547 | 0:25:48 0,0146320 | 0:37:48 -0,0237769 | 0:49:48 -0,1398619
D:01:52 0,0877725] 0:13:52 -0,7199469 | 0:25:52 -0,0113533 | 0:37:52 0,0396922 | 0:49:52 -0,1430005
:01:56 0,1026813 | ~0:13:56 | -0,6932815] 0:25:56 [ -0,0355518 | 0:37:56 0,0846275] 0:49:56 | -0,1578310
:02:00 0,1152554 | 1 0:14:00 -0,6616586 | 0:26:00 -0,0579633 | 0:38:00 0,1295628 | 0:50:00 -0,1843535
D:02:04 0,1278294] 0:14:04 | -0,6300358 | 0:26:04 [ -0,0803748 | 0:38:04 0,1737244] 0:50:04 | -0,21087%9
D:02:08 0;1862861] 0:14:08 -0,6012305| 0:26:08 -0,0655433 | 0:38:08 0,2155647 ] 0:50:08 -0,2301538
D:02:12 «-20,1447427 | 0:14:112 [ -0,5724252| 0:26:12 | -0,0507118| 0:38:12 | 0,2574049| 0:50:12 | -0,2494317
D:02:16 0,1680963 ] 0:14:16 | -0,5589086| 0:26:16 [ -0,0318365] 0:38:16 0,2637133] 0:50:16 -0,2702635
| 0:02:20 0.2063469 | 0:14:20 -0,56068090 | 0:26:20 -0,0089175] 0:38:20 0.2581778] 0:50:20 -0,2026492
0:02:24 0,2445974| 0:14:24 | -0,5624530| 0:26:24 0,0140016 | 0:38:24 0,2526423 ] 0:50:24 | -0,3150348
0:02:28 0,2861416] 0:14:28 -0,5441169 | 0:26:28 0,0028253 | 0:38:28 0,2471068 | 0:50:28 -0,3219469
0:02:32 0,3276858 | 0:14:32 | -0,5257807 | 0:26:32 [ -0,0083511| 0:38:32 0,2415713] 0:50:32 | -0,3288589
0:02:36 0,3717699 | 0:14:36 -0,5162566 | 0:26:36 -0,0229282 | 0:38:36 0,2440404 | 0:50:36 -0,3411902
0:02:40 0,4183940 | 0:14:40 -0,5155447 | 0:26:40 -0,0409060 | 0:38:40 0,2491777 | 0:50:40 -0,3589407
0:02:44 0,4646003 | 0:14:44 | -0,5148327 | 0:26:44 [ -0,0588839] 0:38:44 0,2565315] 0:50:44 -0,3766911
0:02:48 0,5095532 | 0:14:48 -0,5165756 | 0:26:48 -0,0687462 | 0:38:48 0,2705346 | 0:50:48 -0,4067782
0:02:52 0,5545061] 0:14:52 -0,5183187 | 0:26:52 -0,0786086 | 0:38:52 0,2845377 | 0:50:52 -0,4368654
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0:02:56 0,6029243 | 0:14:56 | -0,5174159| 0:26:56 [ -0,0793202 | 0:38:56 0,2864298 | 0:50:56 | -0,4712581

0:03:00 0,6548079| 0:15:00 | -0,5138676| 0:27:00 [ -0,0769817 | 0:39:00 0,2842849 | 0:51:00 [ -0,5099565

0:03:04 0,7066914 | 0:15:04 [ -0,5103192| 0:27:04 [ -0,0746431| 0:39:04 0,2863696 | 0:51:04 | -0,5486549

0:03:08 0,7209106 | 0:15:08 | -0,4926458 | 0:27:08 [ -0,0754550| 0:39:08 0,3011434 | 0:51:08 | -0,5695564

0:03:12 0,7351298 | 0:15:12 | -0,4749724| 0:27:12 | -0,0762668 | 0:39:12 0,3159172] 0:51:12 | -0,5904579

0:03:16 0,7376932 ] 0:15:16 | -0,4572990 | 0:27:16 | -0,0739627 | 0:39:16 0,3228877 | 0:51:16 | -0,6009856

0:03:20 0,7286006 | 0:15:20 | -0,4396256 | 0:27:20 | -0,0706199] 0:39:20 0,3272571] 0:51:20 | -0,6011396

0:03:24 0,7195079 | 0:15:24 | -0,4219521| 0:27:24 | -0,0672771] 0:39:24 0,3239931] 0:51:24 | -0,6012936

0:03:28 0 6973337 0:15:28 -0.4003273 0:27:28 -0 0878005 0:39:28 0 3130057 0:51:28 -0 6072490

0:03:32 0,6620778 | 0:15:32 | -0,3787025] 0:27:32 | -0,1083240] 0:39:32 0,3021984 | 0:51:32 | -0,6132044

0:03:36 0,6161014] 0:15:36 | -0,3575510] 0:27:36 | -0,1124211] 0:39:36 0,2857365] 0:51:36,(\-0,6149538

0:03:40 0,5594047 | 0:15:40 | -0,3368728 | 0:27:40 | -0,1000918 ] 0:39:40 0,2674198 | 0:51:40,°| -0,6134970

0:03:44 0,5027080 ] 0:15:44 | -0,3161946 | 0:27:44 | -0,0877626 | 0:39:44 0,2499647 | _ 0:51:44 | -0,6100403

0:03:48 0,4348353 | 0:15:48 | -0,2702597 | 0:27:48 | -0,0686395] 0:39:48 0,2333712 |10:51:48 | -0,6019157

0:03:52 0,3669626 | 0:15:52 | -0,2243248 | 0:27:52 | -0,0495163 ] 0:39:52 0,2167777] 0:51:52 | -0,5937911

0:03:56 0,2997036 | 0:15:56 | -0,1807915] 0:27:56 | -0,0157469| 0:39:56 01873499 | 0:51:56 | -0,5733787

0:04:00 0,2330584 | 0:16:00 | -0,1380588 | 0:28:00 0,0326687 | 0:40:00 0,1536440 | 0:52:00 | -0,54Q6785

0:04:04 0,1664132| 0:16:04 | -0,0953260 | 0:28:04 0,0763133 | 0:40:04 0,1389931| 0:52:04 | -0,5079783

0:04:08 0,1269030 | 0:16:08 | -0,0560569 | 0:28:08 0,1056451| 0:40:08 0,1433973 | 0:52:08 | -0,4494766

0:04:12 0,0873928 | 0:16:12 | -0,0167877| 0:28:12 0,1349769} 0:40:12 0,1478015| 0:52:12 | -0,39Q9749

0:04:16 0,0627520 | 0:16:16 0,0156591 | 0:28:16 0,1499612| 0:40:16 0,1610091 | 0:52:16 | -0,3449071

0:04:20 0,0529808 | 0:16:20 0,0412836 | 0:28:20 0,1505980 | 0:40:20 0,1771512| 0:52:20 | -0,3029839

0:04:24 0,0432095| 0:16:24 0,0669081 | 0:28:24 0,1512349 | 0:40:24 0,1783953 | 0:52:24 | -0,2610606

0:04:28 0,0313735| 0:16:28 0,0678893 | 0:28:28 0,1594653 | 0:40:28 0,1647415| 0:52:28 | -0,2137157

0:04:32 0,0195376| 0:16:32 0,0688704 | 0:28:32 0,1676957 | 0:40:32 0,1510876| 0:52:32 [ -0,1663708

0:04:36 0,0014623 | 0:16:36 0,0776036.\ '0:28:36 0,1636055| 0:40:36 0,1230600 | 0:52:36 | -0,1313833

0:04:40 | -0,0228521] 0:16:40 0,0940888 | 0:28:40 0,1471944 | 0:40:40 0,0902411] 0:52:40 | -0,10847533

0:04:44 | -0,0471666] 0:16:44 0,1105741] 0:28:44 0,1307834 | 0:40:44 0,0565873 | 0:52:44 -0,0841233

0:04:48 | -0,0574347] 0:16:48 0,1369726 | 0:28:48 0,1143724 | 0:40:48 0,0204290 | 0:52:48 -0,0543093

0:04:52 | -0,0677029] 0:16:52 0,1633711] 0:28:52 0,0979613| 0:40:52 | -0,0157294| 0:52:52 | -0,0324952

0:04:56 | -0,0807284 ] 0:16:56 0,1855479| 0:28:56 0,0775579| 0:40:56 | -0,0422321| 0:52:56 | -0,0085625

0:0%:00 | -0,0965112] “-0:17:00 0,2035030 ] 0:29:00 0,0558237| 0:41:00 | -0,0655163] 0:53:00 0,0144097

0:0%:04 | -0,112294071 0:17:04 0,2214581] 0:29:04 0,0340895| 0:41:04 | -0,0875991] 0:53:04 0,03713820

0:0%$:08 | -0,1418113] 0:17:08 0,2548303 | 0:29:08 0,0185644 | 0:41:08 | -0,1060780] 0:53:08 0,0662522

0:0%:12 ( -0;1713286] 0:17:12 0,2882026 | 0:29:12 0,0030393| 0:41:12 | -0,1245570| 0:53:12 0,09%1224

0:0%:16< -0,1921337| 0:17:16 0,3083685| 0:29:16 | -0,0160271]| 0:41:16 | -0,1392131]| 0:53:16 0,1087176
1

0:05:20 | -0,2100347| 0:17:20 0,3153281]| 0:29:20 | -0,0386350| 0:41:20 | -0,1525949| 0:53:20 0,1070377

0:05:24 | -0,2279357 | 0:17:24 0,3222876| 0:29:24 | -0,0612428 | 0:41:24 | -0,1635426| 0:53:24 0,1053579

0:05:28 | -0,2521656 | 0:17:28 0,3437099| 0:29:28 | -0,0683440| 0:41:28 | -0,1671879| 0:53:28 0,1008861

0:05:32 | -0,2763954 | 0:17:32 0,3651321]| 0:29:32 | -0,0754451]| 0:41:32 | -0,1708333 | 0:53:32 0,0880383

0:05:36 [ -0,2961436 | 0:17:36 0,3949495| 0:29:36 | -0,0807638 | 0:41:36 | -0,1951353 ] 0:53:36 0,0804275

0:05:40 [ -0,3114100| 0:17:40 0,4331621] 0:29:40 | -0,0842999 | 0:41:40 | -0,2263228 | 0:53:40 0,0780536

0:05:44 | -0,3266763 | 0:17:44 0,4713747| 0:29:44 | -0,0878361| 0:41:44 | -0,2478264 | 0:53:44 0,0756797

0:05:48 | -0,3363386 | 0:17:48 0,5042136 | 0:29:48 | -0,0851596 | 0:41:48 | -0,2402781| 0:53:48 0,0608733

0:05:52 | -0,3460010| 0:17:52 0,5370525| 0:29:52 | -0,0824832| 0:41:52 | -0,2327297 | 0:53:52 0,0460669

0:05:56 | -0,3541676| 0:17:56 0,5667698 | 0:29:56 | -0,0798067 | 0:41:56 | -0,2209128 | 0:53:56 0,0324892
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IEC TS 62933-2-2:2022 © |[EC 2022 - 37 -
0:06:00 [ -0,3618356 | 0:18:00 0,5933658 | 0:30:00 | -0,0771303 | 0:42:00 [ -0,2076729| 0:54:00 0,0201403
0:06:04 [ -0,3695036 | 0:18:04 0,6199617 | 0:30:04 [ -0,0744538 | 0:42:04 [ -0,1916945| 0:54:04 0,0077913
0:06:08 [ -0,3822265| 0:18:08 0,6353328 | 0:30:08 | -0,0760254 | 0:42:08 [ -0,1675007 | 0:54:08 0,0089382
0:06:12 [ -0,3949495| 0:18:12 0,6507038 | 0:30:12 | -0,0775970| 0:42:12 | -0,1433069 | 0:54:12 0,0100851
0:06:16 [ -0,4136620 | 0:18:16 0,6747781] 0:30:16 | -0,0854385| 0:42:16 | -0,1265848 | 0:54:16 0,0179437
0:06:20 [ -0,4383643 | 0:18:20 0,7075555| 0:30:20 | -0,0995500 | 0:42:20 | -0,1123531] 0:54:20 0,0325142
0:06:24 [ -0,4630666 | 0:18:24 0,7403330 ] 0:30:24 | -0,1136615] 0:42:24 | -0,0990405| 0:54:24 0,0470846
0:06:28 [ -0,4914152| 0:18:28 0,7187957 | 0:30:28 | -0,1144090 | 0:42:28 | -0,0884848 | 0:54:28 0,0761095
0:06:32 =0 5197638 0:18:32 0 6972585 0:30:32 =0 1151564 0:42:32 -0 0779291 0:54:32 01051343
0:09:36 [ -0,5355744 | 0:18:36 0,6992374 ] 0:30:36 | -0,1097068 | 0:42:36 | -0,0640501] 0:54:36 0,1386708
0:09:40 [ -0,5388469 | 0:18:40 0,7247325] 0:30:40 | -0,0980600 | 0:42:40 | -0,0490633 | 0:54:40 0,1737112
0:09:44 [ -0,5421194 | 0:18:44 0,7502277 | 0:30:44 | -0,0845087 | 0:42:44 | -0,0323247 | 0:54i44 0,2087515
0:09:48 [ -0,5258790 | 0:18:48 0,7587591 | 0:30:48 | -0,0652437 | 0:42:48 | -0,0103302 | _ 0:54:48 0,2333359
0:09:52 [ -0,5096384 | 0:18:52 0,7672906 | 0:30:52 | -0,0459787 | 0:42:52 0,0116643 | 0:54:52 0,2519202
0:09:56 [ -0,4851179| 0:18:56 0,7729889 | 0:30:56 | -0,0295589 | 0:42:56 0,0258073 | 0:54:56 0,2761537
0:07:00 [ -0,4523175] 0:19:00 0,7777429 | 0:31:00 | -0,0159841] 0:43:00 0,0373331] 0:55:00 0,2880362
0:07:04 [ -0,4195170] 0:19:04 0,7824969 | 0:31:04 | -0,0024094 | 0:43:04 0,0491439 | 0:55:04 0,2999187
0:07:08 [ -0,3989595| 0:19:08 0,7674074 | 0:31:08 0,0222377 | 0:43:08 0,0618096 | 0:55:08 0,31719850
0:07:12 [ -0,3784020| 0:19:12 0,7523178 | 0:31:12 0,0468848 | 0:43:12 0,0744753 | 0:55:12 0,3360513
0:07:16 [ -0,3606862| 0:19:16 0,7295991] 0:31:16 0,0743140} 0:43:16 0,0884056 | 0:55:16 0,3638479
0:074:20 [ -0,3458121 ]| 0:19:20 0,6992512 ] 0:31:20 0,1045265| 0:43:20 0,1027575] 0:55:20 0,4013747
0:074:24 [ -0,3309381| 0:19:24 0,6689034 | 0:31:24 0,4347369 | 0:43:24 0,1163698 | 0:55:24 0,4389015
0:07:28 [ -0,3115093 | 0:19:28 0,6257557 | 0:31:28 0,1584269 | 0:43:28 0,1277634 | 0:55:28 0,4783703
0:07:32 [ -0,2920805| 0:19:32 0,5826080 | 0:31:32 0,1821169] 0:43:32 0,1391570 ] 0:55:32 0,5118390
0:07:36 [ -0,2640122| 0:19:36 0,5494894 | 0:31:36 0,2036546 | 0:43:36 0,1533295] 0:55:36 0,5440501
0:07:40 [ -0,2273046] 0:19:40 0,5263999.]\ '0:31:40 0,2230399 | 0:43:40 0,1684284 | 0:55:40 0,57(05088
0:07:44 [ -0,1905970| 0:19:44 0,5033404 | 0:31:44 0,2424252 | 0:43:44 0,1822571| 0:55:44 0,59(4253
0:07:48 | -0,1516474] 0:19:48 0,4764970| 0:31:48 0,2466982 | 0:43:48 0,1922753 | 0:55:48 0,59¢7158
0:07:52 | -0,1126979] 0:19:52 0,4496835] 0:31:52 0,2509711] 0:43:52 0,2022934 | 0:55:52 0,6030064
0:07:56 | -0,0707090] 0:19:56 0,4167026 | 0:31:56 0,2552441] 0:43:56 0,1870286 | 0:55:56 0,6147591
0:0§:00 | -0,0256807 | 0:20:00 0,3775541] 0:32:00 0,2595171] 0:44:00 0,1717638 | 0:56:00 0,6283325
0:04:04 0,0193476 | -0:20:04 0,3384057 | 0:32:04 0,2637901 | 0:44:04 0,1536060 | 0:56:04 0,6390778
0:04:08 0,06680817 0:20:08 0,2938631] 0:32:08 0,2680630 | 0:44:08 0,1267690 | 0:56:08 0,6413388
0:04:12 0,1142686 | 0:20:12 0,2493207 | 0:32:12 0,2723360 | 0:44:12 0,0999319| 0:56:12 0,6435997
0:04:16 0;1490565| 0:20:16 0,2153285] 0:32:16 0,2705543 | 0:44:16 0,0802539| 0:56:16 0,6496595
0:04:20 0,1796201 ] 0:20:20 0,1918866 | 0:32:20 0,2627180 | 0:44:20 0,0629621| 0:56:20 0,6569855
0:0;:24 0,2101837] 0:20:24 0,1684448 | 0:32:24 0,2548817| 0:44:24 0,0490713] 0:56:24 0,6686054
0:08:28 0,2265934 | 0:20:28 0,1649895]| 0:32:28 0,2349770| 0:44:28 0,0453832| 0:56:28 0,6931068
0:08:32 0,2430032| 0:20:32 0,1615343 | 0:32:32 0,2150724 | 0:44:32 0,0416951| 0:56:32 0,7176083
0:08:36 0,2601516| 0:20:36 0,1598561 | 0:32:36 0,2022806 | 0:44:36 0,0321981] 0:56:36 0,7243065
0:08:40 0,2780386 | 0:20:40 0,1599551| 0:32:40 0,1966015| 0:44:40 0,0207648 | 0:56:40 0,7250704
0:08:44 0,2959256 | 0:20:44 0,1600540| 0:32:44 0,1909223 | 0:44:44 0,0102178| 0:56:44 0,7232370
0:08:48 0,3457917| 0:20:48 0,1479643 | 0:32:48 0,1737402| 0:44:48 0,0023298 | 0:56:48 0,7136120
0:08:52 0,3956579| 0:20:52 0,1358746 | 0:32:52 0,1565581| 0:44:52 | -0,0055582| 0:56:52 0,7039869
0:08:56 0,4164774] 0:20:56 0,1237848] 0:32:56 0,1473683| 0:44:56 | -0,0235757| 0:56:56 0,6839148
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- 38 - IEC TS 62933-2-2:2022 © |[EC 2022

0:09:00 0,4276148 | 0:21:00 0,1116951| 0:33:00 0,1461707 | 0:45:00 | -0,0449697 | 0:57:00 0,6603602

0:09:04 0,4387522 | 0:21:04 0,0996054 | 0:33:04 0,1409576 | 0:45:04 | -0,0632360 | 0:57:04 0,6304241

0:09:08 0,4848796 | 0:21:08 0,0793489 | 0:33:08 0,1236978 | 0:45:08 | -0,0721191| 0:57:08 0,5813437

0:09:12 0,5310070 | 0:21:12 0,0590925| 0:33:12 0,1064379| 0:45:12 | -0,0810022 | 0:57:12 0,5322632

0:09:16 0,5643114 | 0:21:16 0,0421849 | 0:33:16 0,0918126 | 0:45:16 | -0,0914971] 0:57:16 0,4811854

0:09:20 0,5847929 | 0:21:20 0,0286262 | 0:33:20 0,0798217 | 0:45:20 | -0,1025293 | 0:57:20 0,4294418

0:09:24 0,6052744 | 0:21:24 0,0150674 | 0:33:24 0,0678308 | 0:45:24 | -0,1118403 | 0:57:24 0,3890312

0:09:28 0,6257558 | 0:21:28 0,0178481] 0:33:28 0,0758960 | 0:45:28 | -0,1159881| 0:57:28 0,3599536

0:09:32 0 6462373 0:21:32 0 0206289 0:33:32 0 0839612 0:45:32 -0.1201359 0:57:32 0 3308760

0:04:36 0,6538571] 0:21:36 0,0234096 | 0:33:36 0,0864634 | 0:45:36 | -0,1260824 | 0:57:36 0,2821008

0:04:40 0,6486153 | 0:21:40 0,0261903 | 0:33:40 0,0834026 | 0:45:40 [ -0,1338276| 0:57:40, 0,2297597

0:04:44 0,6433735] 0:21:44 0,0289710| 0:33:44 0,0803418 | 0:45:44 [ -0,1415728 | 0:57:44 0,1765831

0:04:48 0,6185831| 0:21:48 0,0401677 | 0:33:48 0,0861387 | 0:45:48 [ -0,1400209 | _ 0:57:48 0,1418997

0:04:52 0,5937927 | 0:21:52 0,0513644 | 0:33:52 0,0919356 | 0:45:52 [ -0,1384690 |+ 0:57:52 0,1072164

0:04:56 0,5794535| 0:21:56 0,0608321| 0:33:56 0,0869323 | 0:45:56 [ -0,1439632| 0:57:56 0,0819011

0:19:00 0,5685980 | 0:22:00 0,0685707 | 0:34:00 0,0711287 | 0:46:00 [ -0,1565036| 0:58:00 0,0595857

0:19:04 0,5577424 | 0:22:04 0,0763093 | 0:34:04 0,0553251| 0:46:04. | -0,1690439 | 0:58:04 0,0301425

0:19:08 0,5340554 | 0:22:08 0,0774368 | 0:34:08 0,0580393 | 0:46:08 | -0,1840479] 0:58:08 0,0003155

0:19:12 0,5103684 | 0:22:12 0,0785643 | 0:34:12 0,0607536 | 0:46:12 | -0,1990519] 0:58:12 | -0,0295115

0:19:16 0,4848384 | 0:22:16 0,0803223 | 0:34:16 0,0532886) 0:46:16 | -0,2053887| 0:58:16 | -0,05§6981

0:109:20 0,4574654 | 0:22:20 0,0827107 | 0:34:20 0,0356444 | 0:46:20 | -0,2030583| 0:58:20 | -0,0876714

0:10:24 0,4300924 | 0:22:24 0,0850991 | 0:34:24 0,0180002 | 0:46:24 | -0,2007278 | 0:58:24 | -0,1130629

0:19:28 0,4066106 | 0:22:28 0,0825060 | 0:34:28 | -0,0130649| 0:46:28 | -0,1728291| 0:58:28 [ -0,12¢7093

0:10:32 0,3831287 | 0:22:32 0,0799130 | 0:34:32 | -0,0441301] 0:46:32 | -0,1449303| 0:58:32 | -0,1423558

0:19:36 0,3557751| 0:22:36 0,0773199| 0:34:36 | -0,0702748 | 0:46:36 | -0,1155014| 0:58:36 | -0,166¢2369

0:19:40 0,3245496| 0:22:40 0,07472694\'0:34:40 | -0,0914991| 0:46:40 [ -0,0845422] 0:58:40 [ -0,1931963

0:10:44 0,2933242| 0:22:44 0,0721388| 0:34:44 | -0,1127234| 0:46:44 | -0,0535830| 0:58:44 | -0,22%7532

0:10:48 0,2498065| 0:22:48 0,0575103 | 0:34:48 | -0,1153034| 0:46:48 | -0,0182296| 0:58:48 | -0,27%1031

0:10:52 0,2062889 | 0:22:52 0,0428867 | 0:34:52 | -0,1178835] 0:46:52 0,0171238| 0:58:52 | -0,3244529

0:10:56 0,1635474| 0:22:56 0,0411841| 0:34:56 | -0,1178302| 0:46:56 0,0421324| 0:58:56 | -0,3544907

0:11:00 0,1210646| 0:23:00 0,0524025] 0:35:00 | -0,1151435]| 0:47:00 0,0567961| 0:59:00 | -0,37§0912

0:11:04 0,0785818 | ~-0:23:04 0,0636208 | 0:35:04 | -0,1127185]| 0:47:04 0,0714599| 0:59:04 | -0,39712300

0:11:08 0,03168217 0:23:08 0,0596177| 0:35:08 | -0,1110784| 0:47:08 0,0695822| 0:59:08 | -0,4029837

0:11:12 | -0,0158176| 0:23:12 0,0556146| 0:35:12 | -0,1094382| 0:47:12 0,0677045| 0:59:12 | -0,4087374

0:11:16_( -0,0358450| 0:23:16 0,0537816| 0:35:16 | -0,1077981| 0:47:16 0,0687059| 0:59:16 | -0,4112059

0:11:20<{ -0,0475652| 0:23:20 0,0541187| 0:35:20 | -0,1203130| 0:47:20 0,0725865| 0:59:20 | -0,4125794

0:11:24 | -0,0592853| 0:23:24 0,0544558| 0:35:24 | -0,1328280| 0:47:24 0,0764670| 0:59:24 | -0,4190983

0:11:28 | -0,0815983| 0:23:28 0,0527279| 0:35:28 | -0,1355636 | 0:47:28 0,0866496 | 0:59:28 | -0,4410529

0:11:32 | -0,1039114| 0:23:32 0,0510001] 0:35:32 | -0,1382992| 0:47:32 0,0968321]| 0:59:32 | -0,4630076

0:11:36 | -0,1332307| 0:23:36 0,0532324| 0:35:36 | -0,1356425| 0:47:36 0,0974329| 0:59:36 | -0,4793987

0:11:40 | -0,1695565| 0:23:40 0,0594248| 0:35:40 | -0,1311883| 0:47:40 0,0884520| 0:59:40 | -0,4939353

0:11:44 | -0,2058822| 0:23:44 0,0656172| 0:35:44 | -0,1250999| 0:47:44 0,0794711] 0:59:44 | -0,5080343

0:11:48 | -0,2499709| 0:23:48 0,0899735]| 0:35:48 | -0,1141083| 0:47:48 0,0704902| 0:59:48 | -0,5208207

0:11:52 | -0,2940597| 0:23:52 0,1143297| 0:35:52 | -0,1031168| 0:47:52 0,0615092| 0:59:52 | -0,5336071

0:11:56 | -0,3323359| 0:23:56 0,1310354] 0:35:56 | -0,0871266]| 0:47:56 0,0447608] 0:59:56 | -0,5716747
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IEC TS 62933-2-2:2022 © |[EC 2022 -39 -

Only the data for the first hour are shown here. See Figure 5.3.2 in the attached excel sheet in
“PNNL-22010 Rev.2” for all the data available at https://energystorage.pnnl.gov/pdf/PNNL-
22010Rev2.pdf. For the remainder part of the above listed period, the figures should be
normalized by the peak value of whole period.
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—-40 - IEC TS 62933-2-2:2022 © |[EC 2022

Table A.2 — Numerical data of Figure 5 (duty cycle of fluctuation
reduction of PV (photovoltaic energy systems))

Time Signal Time Signal Time Signal Time Signal Time Signal

0:00:00| 0,0149566 0:00:45| 0,0167647 0:01:30| 0,0185299 0:02:15| 0,0201234 0:03:00{ 0,0115317

0:00:01| 0,0150589 0:00:46| 0,0167902 0:01:31| 0,0186065 0:02:16| 0,0197888 0:03:01| 0,0114982

0:00:02| 0,0151010 0:00:47| 0,0168159 0:01:32| 0,0186857 0:02:17| 0,0194542 0:03:02| 0,0114647

0:00:03| 0,0151432 0:00:48| 0,0168418 0:01:33| 0,0187676 0:02:18| 0,0191198 0:03:03| 0,0114313

0:00:04| 0,0151853 0:00:49| 0,0168680 0:01:34| 0,0188521 0:02:19| 0,0187855 0:03:04| 0,0113979

0:00:05 00152275 0:00:50 00168943 0:01:35 0 0189392 0:02:20 00184513 0:03:05 00113646

D0:06( 0,0152696 0:00:51| 0,0169209 0:01:36| 0,0190290 0:02:21| 0,0181173 0:03:06| ~0,0143313

D0:07( 0,0153117 0:00:52| 0,0169477 0:01:37| 0,0191213 0:02:22| 0,0177834 0:03:0%(\._0,0112980

D0:08( 0,0153538 0:00:53| 0,0169748 0:01:38| 0,0192164 0:02:23| 0,0174496 0:03:08| 0,0112648

D0:09( 0,0153960 0:00:54 0,0170021 0:01:39| 0,0193107 0:02:24| 0,0171160 0:03:09| 0,0112316

PO:10( 0,0154381 0:00:55| 0,0170295 0:01:40| 0,0194038 0:02:25| 0,0167824 0:03:10| 0,0111985

DO:11( 0,0154802 0:00:56| 0,0170572 0:01:41| 0,0194958 0:02:26| 0,0164490 0:03:11| 0,0111654

D0:12( 0,0155223 0:00:57| 0,0170851 0:01:42| 0,0195866 0:02:27| 050161158 0:03:12| 0,0111323

D0:13( 0,0155644 0:00:58| 0,0171133 0:01:43| 0,0196762 0:02:28] \0,0157826 0:03:13| 0,0110993

DO:14( 0,0156065 0:00:59| 0,0171417 0:01:44| 0,0197646 0:02:29f 0,0154496 0:03:14| 0,0110663

DO:15( 0,0156486 0:01:00{ 0,0171702 0:01:45| 0,0198518 0:02:30| 0,0151167 0:03:15| 0,0110334

D0:16( 0,0156907 0:01:01| 0,0171990 0:01:46| 0,0199378 0:02:31| 0,0147840 0:03:16| 0,0110005

D0:17( 0,0157328 0:01:02| 0,0172292 0:01:47| 0,0200226 0:02:32| 0,0144513 0:03:17| 0,01¢9676

D0:18( 0,0157748 0:01:03| 0,0172607 0:01:48| 0,0201062 0:02:33| 0,0141188 0:03:18| 0,0149348

D0:19( 0,0158169 0:01:04| 0,0172936 0:01:49| %0,0201887 0:02:34| 0,0137865 0:03:19|  0,01¢9020

D0:20( 0,0158590 0:01:05| 0,0173278 0:01:50{” 0,0202700 0:02:35| 0,0134542 0:03:20 0,01¢8693

PO:21( 0,0159011 0:01:06| 0,0173633 0:01:51| 0,0203496 0:02:36| 0,0131221 0:03:21 0,01¢8366

P0:22( 0,0159431 0:01:07| 0,0174002 0:01:52| 0,0204281 0:02:37| 0,0127901 0:03:22 0,01(*8039

D0:23( 0,0159852 0:01:08| 0,0174385 0:01:53| 0,0205070 0:02:38| 0,0124582 0:03:23| 0,01¢7713

D0:24 0,0160272 0:01:09| 0,0974781 0:01:54| 0,0205864 0:02:39| 0,0122469 0:03:24| 0,01¢7387

D0:25( 0,0160693 0:01:10{,."Q;0175183 0:01:55| 0,0206662 0:02:40| 0,0122120 0:03:25| 0,01¢7062

D0:26( 0,0161113 0:01:14| =0,0175591 0:01:56| 0,0207466 0:02:41| 0,0121771 0:03:26| 0,01¢6737

D0:27( 0,0161534 0:94512| 0,0176004 0:01:57| 0,0208274 0:02:42| 0,0121424 0:03:27| 0,0106412

D0:28( 0,0161954 0:01:13| 0,0176424 0:01:58| 0,0209087 0:02:43| 0,0121078 0:03:28| 0,01¢6088

D0:29( 0,0162374 0:01:14| 0,0176850 0:01:59| 0,0210008 0:02:44| 0,0120733 0:03:29| 0,0105764

D0:30( 0,0162795 0:01:15| 0,0177281 0:02:00{ 0,0210951 0:02:45| 0,0120390 0:03:30[ 0,0105441

D0:31( 0,0163208 0:01:16| 0,0177718 0:02:01| 0,0211948 0:02:46| 0,0120048 0:03:31| 0,01¢5118

Qlojlole|lolelojlole|o|e(e|lole|oel|e(e|lole|ol|o|o|o[|o|2[2

DO:32|\_0,0163608 0:01:17( 0,0178161 0:02:02| 0,0212981 0:02:47| 0,0119707 0:03:32| 0,0104795

0:po:83] 0,0163995 0:01:18] 0,0178610 0:02:03] 0,0214040 0:02:48| 0,0119367 0:03:33] 0,0144473

0:00:34| 0,0164370 0:01:19| 0,0179065 0:02:04| 0,0215123 0:02:49| 0,0119027 0:03:34 0,0104151

0:00:35| 0,0164730 0:01:20| 0,0179526 0:02:05| 0,0216231 0:02:50| 0,0118688 0:03:35| 0,0103830

0:00:36| 0,0165078 0:01:21| 0,0179992 0:02:06| 0,0217363 0:02:51| 0,0118349 0:03:36| 0,0103508

0:00:37| 0,0165412 0:01:22| 0,0180471 0:02:07| 0,0218520 0:02:52| 0,0118011 0:03:37| 0,0103188

0:00:38| 0,0165734 0:01:23| 0,0180971 0:02:08| 0,0219702 0:02:53| 0,0117673 0:03:38| 0,0102868

0:00:39| 0,0166042 0:01:24| 0,0181494 0:02:09| 0,0220908 0:02:54| 0,0117335 0:03:39| 0,0102548

0:00:40| 0,0166337 0:01:25| 0,0182038 0:02:10| 0,0217987 0:02:55| 0,0116997 0:03:40| 0,0102228

0:00:41| 0,0166619 0:01:26| 0,0182611 0:02:11| 0,0214634 0:02:56| 0,0116660 0:03:41| 0,0101909

0:00:42| 0,0166888 0:01:27| 0,0183223 0:02:12| 0,0211282 0:02:57| 0,0116324 0:03:42| 0,0101591

0:00:43| 0,0167144 0:01:28| 0,0183875 0:02:13| 0,0207931 0:02:58| 0,0115988 0:03:43| 0,0101272

0:00:44| 0,0167394 0:01:29| 0,0184567 0:02:14| 0,0204582 0:02:59| 0,0115652 0:03:44| 0,0100954



https://iecnorm.com/api/?name=b8d8dcd98eab8b40e8ae2904495df964

IEC TS 62933-2-2:2022 © IEC 2022 -41 -

Time Signal Time Signal Time Signal Time Signal Time Signal
0:03:45( 0,0100637 0:04:30( 0,0116971 0:05:15( 0,0143343 0:06:00( 0,0179192 0:06:45( 0,0221433
0:03:46( 0,0100320 0:04:31[ 0,0117575 0:05:16( 0,0143996 0:06:01| 0,0180042 0:06:46( 0,0220880
0:03:47( 0,0100003 0:04:32( 0,0118171 0:05:17( 0,0144654 0:06:02( 0,0180900 0:06:47( 0,0219283
0:03:48( 0,0099687 0:04:33( 0,0118758 0:05:18( 0,0145318 0:06:03( 0,0181767 0:06:48( 0,0217687
0:03:49( 0,0099371 0:04:34( 0,0119338 0:05:19( 0,0145988 0:06:04( 0,0182644 0:06:49( 0,0216093
0:03:50( 0,0099056 0:04:35( 0,0119908 0:05:20( 0,0146662 0:06:05( 0,0183530 0:06:50( 0,0214501
0:03:51( 0,0098741 0:04:36( 0,0120470 0:05:21( 0,0147342 0:06:06( 0,0184424 0:06:51( 0,0212910
0:03:52 0,0098426 0:04:37( 0,0121024 0:05:22 0,0148028 0:06:07( 0,0185328 0:06:52( 0,0211322
0:p3:53( 0,0098112 0:04:38( 0,0121569 0:05:23( 0,0148719 0:06:08( 0,0186240 0:06:53 0,02[#9734
0:p3:54 0,0097798 0:04:39( 0,0122113 0:05:24 0,0149422 0:06:09( 0,0187162 0:06:54 0,02&8148
0:p3:55( 0,0097483 0:04:40( 0,0122659 0:05:25( 0,0150141 0:06:10[ 0,0188086 0:06;55)" 0,0206565
0:p3:56( 0,0097168 0:04:41( 0,0123207 0:05:26( 0,0150875 0:06:11( 0,0189011 0:06:56 0,02(04982
0:p3:57( 0,0096851 0:04:42( 0,0123758 0:05:27( 0,0151625 0:06:12( 0,0189938 0:06:57 0,02¢03401
0:p3:58( 0,0097229 0:04:43( 0,0124311 0:05:28( 0,0152391 0:06:13( 0,0190866 0:06:58( 0,0201822
0:p3:59( 0,0097858 0:04:44( 0,0124867 0:05:29( 0,0153173 0:06:14( 0,0191796 0:06:59( 0,02(00244
0:p4:00( 0,0098485 0:04:45( 0,0125425 0:05:30f 0,0153971 0:06:15[4,_0;0192728 0:07:00( 0,0198668
0:p4:01( 0,0099111 0:04:46( 0,0125985 0:05:31[ 0,0154778 0:06:16y 0,0193661 0:07:01( 0,0197098
0:p4:02( 0,0099736 0:04:47( 0,0126548 0:05:32[ 0,0155590 0:06:17( 0,0194596 0:07:02[ 0,0195538
0:p4:03( 0,0100359 0:04:48( 0,0127114 0:05:33( 0,0156408 0:06:18( 0,0195532 0:07:03( 0,0193988
0:p4:04( 0,0100982 0:04:49( 0,0127681 0:05:34( 0,0157231 0:06:19( 0,0196471 0:07:04( 0,0192448
0:p4:05( 0,0101604 0:04:50( 0,0128251 0:05:35[ 0,0158059 0:06:20( 0,0197410 0:07:05( 0,0190919
0:p4:06( 0,0102225 0:04:51( 0,0128824 0:05:36( ¢, 0,0158893 0:06:21| 0,0198352 0:07:06( 0,01$9399
0:p4:07( 0,0102844 0:04:52( 0,0129399 0:05:37p, 0,0159733 0:06:22( 0,0199295 0:07:07( 0,01$7890
0:p4:08( 0,0103463 0:04:53( 0,0129976 0:05:38( 0,0160578 0:06:23( 0,0200239 0:07:08( 0,01$6392
0:p4:09( 0,0104081 0:04:54 0,0130556 0:05:39( 0,0161425 0:06:24( 0,0201186 0:07:09( 0,0184903
0:p4:10[ 0,0104699 0:04:55( 0,0131138 0:05:40( 0,0162272 0:06:25( 0,0202134 0:07:10[ 0,0183413
0:p4:11( 0,0105317 0:04:56( 0,0131722 0:05:41( 0,0163119 0:06:26( 0,0203083 0:07:11| 0,0181919
0:p4:12( 0,0105934 0:04:57( .0,0132309 0:05:42( 0,0163966 0:06:27( 0,0204034 0:07:12( 0,0180422
0:p4:13( 0,0106550 0:04:58(\..0,0132899 0:05:43( 0,0164813 0:06:28( 0,0204987 0:07:13( 0,0178920
0:p4:14( 0,0107167 0:04:59( 0,0133490 0:05:44 0,0165659 0:06:29( 0,0205942 0:07:14 0,0177415
0:p4:15( 0,0107782 0:05:00( 0,0134085 0:05:45( 0,0166506 0:06:30[ 0,0206898 0:07:15( 0,0175906
0:p4:16( 0,0108398 0:05:01( 0,0134681 0:05:46( 0,0167352 0:06:31( 0,0207855 0:07:16( 0,0174394
0:p4:17( 0,0109018 0:05:02( 0,0135280 0:05:47( 0,0168199 0:06:32( 0,0208815 0:07:17( 0,0172878
0:p4:18( 0,0109627 0:05:03( 0,0135881 0:05:48( 0,0169045 0:06:33( 0,0209776 0:07:18( 0,0171358
0:p4:19( 0,0110242 0:05:04( 0,0136485 0:05:49( 0,0169891 0:06:34( 0,0210738 0:07:19( 0,01¢9834
0:p4:20(" 0,0110855 0:05:05( 0,0137092 0:05:50( 0,0170737 0:06:35( 0,0211702 0:07:20( 0,0168307
0:04:21( 0,0111469 0:05:06( 0,0137700 0:05:51| 0,0171583 0:06:36( 0,0212668 0:07:21 0,0166776
0:04:22( 0,0112082 0:05:07( 0,0138311 0:05:52( 0,0172429 0:06:37( 0,0213635 0:07:22( 0,0165241
0:04:23( 0,0112694 0:05:08( 0,0138925 0:05:53( 0,0173275 0:06:38( 0,0214604 0:07:23( 0,0163703
0:04:24 0,0113306 0:05:09( 0,0139541 0:05:54 0,0174120 0:06:39( 0,0215575 0:07:24( 0,0162161
0:04:25( 0,0113918 0:05:10( 0,0140161 0:05:55( 0,0174966 0:06:40( 0,0216547 0:07:25( 0,0160615
0:04:26( 0,0114529 0:05:11( 0,0140786 0:05:56( 0,0175812 0:06:41( 0,0217521 0:07:26( 0,0159065
0:04:27( 0,0115140 0:05:12[ 0,0141417 0:05:57| 0,0176657 0:06:42| 0,0218497 0:07:27| 0,0160966
0:04:28( 0,0115751 0:05:13( 0,0142054 0:05:58 0,0177502 0:06:43( 0,0219474 0:07:28( 0,0165364
0:04:29( 0,0116361 0:05:14 0,0142696 0:05:59( 0,0178347 0:06:44( 0,0220453 0:07:29( 0,0169759



https://iecnorm.com/api/?name=b8d8dcd98eab8b40e8ae2904495df964

—-42 - IEC TS 62933-2-2:2022 © |[EC 2022

Time Signal Time Signal Time Signal Time Signal Time Signal

0:07:30| 0,0174150 0:08:15| 0,0363616 0:09:00| 0,0560979 0:09:45| 0,0527658 0:10:30| 0,0495362

0:07:31| 0,0178535 0:08:16| 0,0367673 0:09:01| 0,0560239 0:09:46| 0,0526948 0:10:31| 0,0494616

0:07:32| 0,0182908 0:08:17| 0,0371724 0:09:02| 0,0559498 0:09:47| 0,0526239 0:10:32| 0,0493869

0:07:33| 0,0187268 0:08:18| 0,0375783 0:09:03| 0,0558756 0:09:48| 0,0525531 0:10:33| 0,0493121

0:07:34| 0,0191617 0:08:19| 0,0379852 0:09:04| 0,0558012 0:09:49| 0,0524826 0:10:34| 0,0492371

0:07:35| 0,0195954 0:08:20| 0,0383932 0:09:05| 0,0557267 0:09:50| 0,0524122 0:10:35| 0,0491620

0:07:36| 0,0200279 0:08:21| 0,0388023 0:09:06| 0,0556521 0:09:51| 0,0523419 0:10:36| 0,0490867

0:07:37| 0,0204592 0:08:22| 0,0395720 0:09:07| 0,0555773 0:09:52| 0,0522719 0:10:37| 0,0490114

0:p7:38| 0,0208893 0:08:23| 0,0406979 0:09:08| 0,0555024 0:09:53| 0,0522019 0:10:38 0,042*9359

PD7:39( 0,0213188 0:08:24| 0,0418250 0:09:09| 0,0554274 0:09:54| 0,0521322 0:10:39|™\0,0488602

D7:40( 0,0217478 0:08:25| 0,0429532 0:09:10| 0,0553523 0:09:55| 0,0520624 0:10:401" 0,0487844

D7:41( 0,0221764 0:08:26| 0,0440824 0:09:11| 0,0552770 0:09:56| 0,0519925 0:10:41| 0,0487085

D7:42( 0,0226045 0:08:27| 0,0452128 0:09:12| 0,0552016 0:09:57| 0,0519225 0:10:42| 0,0486325

P7:43 0,0230321 0:08:28| 0,0463442 0:09:13| 0,0551260 0:09:58| 0,05185623 0:10:43| 0,0485563

D7:44( 0,0234593 0:08:29| 0,0474768 0:09:14| 0,0550503 0:09:59| 0,0517820 0:10:44| 0,0434800

D7:45( 0,0238860 0:08:30| 0,0486104 0:09:15| 0,0549745 0:10:00}4, 0;0517115 0:10:45| 0,0484035

D7:46( 0,0243122 0:08:31| 0,0497443 0:09:16| 0,0548986 0:10:01)) 0,0516410 0:10:46| 0,04%3888

D7:47|  0,0247380 0:08:32| 0,0508781 0:09:17| 0,0548227 0:40:02| 0,0515702 0:10:47| 0,0484687

D7:48( 0,0251633 0:08:33| 0,0520117 0:09:18| 0,0547470 0:10:03| 0,0514994 0:10:48| 0,0435484

D7:49( 0,0255882 0:08:34| 0,0531452 0:09:19| 0,0546715 0:10:04| 0,0514284 0:10:49| 0,04$6280

PD7:50( 0,0260125 0:08:35| 0,0542786 0:09:20( 0,0545961 0:10:05| 0,0513573 0:10:50| 0,0487075

D7:51| 0,0264364 0:08:36| 0,0554118 0:09:21| ¢ 0,0545209 0:10:06| 0,0512861 0:10:51| 0,0487868

D7:52( 0,0268599 0:08:37| 0,0565449 0:09:22), 0,0544459 0:10:07| 0,0512147 0:10:52| 0,0488660

P7:53( 0,0272829 0:08:38| 0,0576779 0:09:23| 0,0543711 0:10:08| 0,0511432 0:10:53| 0,0489451

D7:54( 0,0277054 0:08:39| 0,0576212 0:09:24| 0,0542963 0:10:09| 0,0510715 0:10:54| 0,0490241

P7:55( 0,0281274 0:08:40| 0,0575500 0:09:25| 0,0542218 0:10:10| 0,0509998 0:10:55| 0,0491029

D7:56| 0,0285483 0:08:41| 0,0574786 0:09:26] 0,0541474 0:10:11]  0,0509278 0:10:56| 0,0491815

D7:57| 0,0289676 0:08:42( .0,0574071 0:09:27| 0,0540732 0:10:12| 0,0508558 0:10:57 0,0492601

P7:58| 0,0293855 0:08:43[\..0,0573355 0:09:28| 0,0539992 0:10:13| 0,0507836 0:10:58| 0,0493379

D7:59( 0,0298018 0:08:44| 0,0572637 0:09:29| 0,0539253 0:10:14| 0,0507113 0:10:59| 0,0494145

P8:00( 0,0302167 0:08:45| 0,0571919 0:09:30| 0,0538516 0:10:15| 0,0506389 0:11:00{ 0,0494901

P8:01( 0,0306301 0:08:46| 0,0571198 0:09:31| 0,0537781 0:10:16| 0,0505663 0:11:01] 0,0495645

D8:02( 0,0310427 0:08:47| 0,0570477 0:09:32| 0,0537047 0:10:17| 0,0504936 0:11:02| 0,0496378

D8:03| 0,0314548 0:08:48| 0,0569754 0:09:33| 0,0536315 0:10:18| 0,0504207 0:11:03| 0,0497100

Qloelel(elo(e|lolele|lo(e|lol|elel|lole|lo|e[o|lo|e|o|o|o|2[2

D8:04( ;0318665 0:08:49| 0,0569030 0:09:34| 0,0535584 0:10:19| 0,0503477 0:11:04| 0,0497811

0:p8:05(" 0,0322776 0:08:50| 0,0568305 0:09:35| 0,0534856 0:10:20| 0,0502746 0:11:05)  0,0498510

0:08:06| 0,0326882 0:08:51| 0,0567578 0:09:36| 0,0534128 0:10:21| 0,0502014 0:11:06| 0,0499199

0:08:07| 0,0330984 0:08:52| 0,0566850 0:09:37| 0,0533403 0:10:22| 0,0501280 0:11:07| 0,0499875

0:08:08| 0,0335080 0:08:53| 0,0566121 0:09:38| 0,0532679 0:10:23| 0,0500545 0:11:08| 0,0500541

0:08:09( 0,0339171 0:08:54| 0,0565390 0:09:39| 0,0531957 0:10:24| 0,0499809 0:11:09| 0,0501196

0:08:10| 0,0343258 0:08:55| 0,0564658 0:09:40| 0,0531236 0:10:25| 0,0499071 0:11:10| 0,0501845

0:08:11| 0,0347339 0:08:56| 0,0563925 0:09:41| 0,0530517 0:10:26| 0,0498332 0:11:11]  0,0502493

0:08:12| 0,0351416 0:08:57| 0,0563190 0:09:42| 0,0529800 0:10:27| 0,0497591 0:11:12| 0,0503140

0:08:13| 0,0355488 0:08:58| 0,0562455 0:09:43| 0,0529084 0:10:28| 0,0496850 0:11:13| 0,0503786

0:08:14| 0,0359554 0:08:59| 0,0561717 0:09:44| 0,0528371 0:10:29| 0,0496107 0:11:14| 0,0504430



https://iecnorm.com/api/?name=b8d8dcd98eab8b40e8ae2904495df964

IEC TS 62933-2-2:2022 © IEC 2022 —-43 -

Time Signal Time Signal Time Signal Time Signal Time Signal
0:11:15( 0,0505072 0:12:00( 0,0532560 0:12:45( 0,0552861 0:13:30( 0,0575400 0:14:15( 0,0504005
0:11:16( 0,0505713 0:12:01( 0,0533139 0:12:46 0,0553277 0:13:31( 0,0575921 0:14:16 0,0508629
0:11:17( 0,0506353 0:12:02( 0,0533714 0:12:47( 0,0553704 0:13:32 0,0576442 0:14:17( 0,0513254
0:11:18 0,0506992 0:12:03( 0,0534283 0:12:48 0,0554148 0:13:33[ 0,0576963 0:14:18 0,0517879
0:11:19( 0,0507629 0:12:04 0,0534845 0:12:49( 0,0554610 0:13:34 0,0577485 0:14:19( 0,0522506
0:11:20( 0,0508264 0:12:05( 0,0535402 0:12:50( 0,0555089 0:13:35[ 0,0578008 0:14:20( 0,0527132
0:11:21( 0,0508899 0:12:06( 0,0535953 0:12:51( 0,0555584 0:13:36( 0,0578532 0:14:21( 0,0531759
0:11:22 0,0509532 0:12:07( 0,0536497 0:12:52 0,0556081 0:13:37( 0,0579056 0:14:22 0,0536387
0:[11:23( 0,0510163 0:12:08( 0,0537035 0:12:53( 0,0556578 0:13:38( 0,0579581 0:14:23( 0/0541016
0:[11:24( 0,0510793 0:12:09( 0,0537568 0:12:54 0,0557075 0:13:39( 0,0580106 0:14:24[0/0545645
0:[11:25( 0,0511422 0:12:10[ 0,0538094 0:12:55( 0,0557573 0:13:40( 0,0580632 0:14:;25)" 0,05%0275
0:[11:26( 0,0512050 0:12:11( 0,0538614 0:12:56( 0,0558072 0:13:41( 0,0581159 0:14:26( 0,05%4905
0:[11:27( 0,0512676 0:12:12( 0,0539128 0:12:57( 0,0558572 0:13:42 0,0581686 0:14:27 0,05%9536
0:11:28( 0,0513300 0:12:13( 0,0539635 0:12:58( 0,0559072 0:13:43( 0,0582244 0:14:28( 0,05¢4167
0:[11:29( 0,0513923 0:12:14 0,0540137 0:12:59 0,0559573 0:13:44( 0,0582050 0:14:29( 0,05¢8800
0:011:30( 0,0514545 0:12:15( 0,0540633 0:13:00( 0,0560074 0:13:45(4 _0;0577771 0:14:30( 0,0573432
0:11:31 0,0515166 0:12:16( 0,0541122 0:13:01| 0,0560576 0:13:46[ 0,0573493 0:14:31( 0,0578066
0:[11:32[ 0,0515785 0:12:17( 0,0541605 0:13:02( 0,0561079 013:47( 0,0569216 0:14:32( 0,058$2700
0:[11:33[ 0,0516403 0:12:18 0,0542083 0:13:03( 0,0561582 0:13:48 0,0564939 0:14:33( 0,058$7335
0:[11:34( 0,0517019 0:12:19( 0,0542554 0:13:04 0,056208%5 0:13:49( 0,0560663 0:14:34 0,0591970
0:[11:35[ 0,0517634 0:12:20( 0,0543019 0:13:05( 0,0562590 0:13:50( 0,0556387 0:14:35( 0,05$96606
0:[11:36( 0,0518248 0:12:21( 0,0543478 0:13:06( ¢ 0,0563095 0:13:51[ 0,0552112 0:14:36 0,06(?1242
0:011:37( 0,0518860 0:12:22( 0,0543930 0:13:07p, 0,0563600 0:13:52( 0,0547838 0:14:37 0,06(55879
0:[11:38( 0,0519471 0:12:23( 0,0544377 0:13:08( 0,0564107 0:13:53 0,0543564 0:14:38( 0,0610517
0:011:39( 0,0520080 0:12:24( 0,0544818 013:09( 0,0564614 0:13:54 0,0539291 0:14:39( 0,0615155
0:[11:40( 0,0520688 0:12:25( 0,0545252 0:13:10[ 0,0565121 0:13:55[ 0,0535019 0:14:40( 0,0619795
0:[11:41( 0,0521295 0:12:26( 0,0545676 0:13:11[ 0,0565629 0:13:56 0,0530747 0:14:41 0,0624437
0:[11:42( 0,0521900 0:12:27( .0,0546084 0:13:12( 0,0566138 0:13:57( 0,0526476 0:14:42( 0,0629082
0:[11:43( 0,0522504 0:12:28(\._0,0546478 0:13:13[ 0,0566647 0:13:58 0,0522205 0:14:43 0,0633729
0:[11:44( 0,0523107 0:12:29( 0,0546857 0:13:14 0,0567157 0:13:59 0,0517935 0:14:44 0,0638378
0:[11:45( 0,0523708 0:12:30( 0,0547222 0:13:15[ 0,0567668 0:14:00( 0,0513666 0:14:45( 0,0643030
0:f11:46( 0,0524308 0:12:31| 0,0547571 0:13:16( 0,0568179 0:14:01( 0,0509397 0:14:46( 0,0647685
0:[11:47( 0,0524906 0:12:32( 0,0547916 0:13:17( 0,0568691 0:14:02( 0,0505129 0:14:47 0,06%2342
0:[11:48( 0,0525503 0:12:33( 0,0548266 0:13:18( 0,0569203 0:14:03( 0,0500861 0:14:48( 0,06%7001
0:[11:49( ;0526099 0:12:34 0,0548621 0:13:19( 0,0569716 0:14:04 0,0496595 0:14:49 0,06@1663
0:f1 50" 0,0526693 0:12:35( 0,0548981 0:13:20| 0,0570230 0:14:05| 0,0492328 0:14:50 0,06*6328
0:11:51[ 0,0527286 0:12:36( 0,0549346 0:13:21( 0,0570744 0:14:06( 0,0488062 0:14:51( 0,0670995
0:11:52( 0,0527877 0:12:37( 0,0549716 0:13:22 0,0571259 0:14:07 0,0483798 0:14:52 0,0673504
0:11:53( 0,0528468 0:12:38( 0,0550091 0:13:23( 0,0571774 0:14:08( 0,0479533 0:14:53( 0,0674373
0:11:54 0,0529056 0:12:39( 0,0550472 0:13:24 0,0572291 0:14:09 0,0476273 0:14:54 0,0675245
0:11:55( 0,0529644 0:12:40( 0,0550857 0:13:25( 0,0572807 0:14:10( 0,0480893 0:14:55( 0,0676119
0:11:56( 0,0530230 0:12:41( 0,0551248 0:13:26( 0,0573325 0:14:11( 0,0485515 0:14:56 0,0676996
0:11:57| 0,0530814 0:12:42 0,0551643 0:13:27| 0,0573843 0:14:12|  0,0490136 0:14:57| 0,0677875
0:11:58 0,0531397 0:12:43( 0,0552044 0:13:28( 0,0574361 0:14:13 0,0494759 0:14:58 0,0678757
0:11:59( 0,0531979 0:12:44( 0,0552450 0:13:29( 0,0574880 0:14:14( 0,0499382 0:14:59( 0,0679641
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Only the data for the first 15 min are shown here. See Figure 5.3.4 in the attached excel sheet
in “PNNL-22010 Rev.2” for all the data available at https://energystorage.pnnl.gov/pdf/PNNL-
22010Rev2.pdf. For the remainder part of the above listed period, the figures should be
normalized by the peak value of the whole period. The polarity has to be changed in accordance
with IEC 62933-2-1.

Table A.3 — Numerical data of Figure 7 (duty cycle of fluctuation
reduction of wind farm (low standard deviation))

Time Signal Time Signal Time Signal Time Signal
0:00:00| -0,001464 0:30:00 0,520547 1:00:00] -0,039954 1:30:00 0,116512
0:01:00 0,034065 0:31:00 0,023589) 1:01:00] -0,006702 1:31:00],-\.30;062730
0:02:00f -0,166813 0:32:00f -0,181845 1:02:00 0,074833 1:32:00),- -0,003058
0:03:00 -0,234684 0:33:00 -0,372019) 1:03:00 -0,003058, 1:33:00 -0,001692
0:04:00| -0,263381 0:34:00] -0,418025 1:04:00] -0,027656 1:34:00 0,000586
0:05:00f -0,183211 0:35:00f -0,422808 1:05:00] -0,174101 1:35:00 0,017439
0:06:00 -0,241288 0:36:00 -0,021734 1:06:00 -0,007.386 1:36:00 0,076428
0:07:00] -0,305059] 0:37:00 0,203058 1:07:00 <0,001464 1:37:00 0,169351
0:08:00[ -0,365642 0:38:00 0,090093 1:08:00 -0,001464 1:38:00] -0,029250
0:09:00 -0,420530} 0:39:00 0,151131 1:09:00 -0,001464 1:39:00 0,047688
0:10:00 -0,348333 0:40:00| -0,004197 1:10:00 0,003319] 1:40:00 0,015162
0:11:00 -0,329884 0:41:00 0,001497 1:11:00 0,103302 1:41:00 0,273206
0:12:00 -0,275224 0:42:00 0,039076 1:12:00 0,154319] 1:42:00 0,306231
0:13:00 -0,297088] 0:43:00 -0,000325| 1:13:00 0,112185 1:43:00 0,019034
0:14:00] -0,108508 0:44:00 0,018350' 1:14:00]  -0,120351 1:44:00] -0,031300
0:15:00f -0,161347 0:45:00 -0,001009| 1:15:00] -0,018773) 1:45:00] -0,192321
0:16:00 -0,089377| 0:46:00 0,014023I 1:16:00 0,130405 1:46:00 -0,043826
0:17:00[ -0,098715 0:47:00 0,234033I 1:17:00 0,129722 1:47:00]  -0,000098
0:18:00 0,090548| 0:48:00 —0,005108' 1:18:00 0,042492 1:48:00 0,059802
0:19:00 0, 126989| 0:49:00f -0,001464 1:19:00[ -0,061591 1:49:00 0,000358
0:20:00 0,3151 13' 0:50:00 -0,001464 1:20:00 0,063901 1:50:00 -0,0(1464
0:21:00 0,278217 0:51:00 -0,001464 1:21:00 -0,095982 1:51:00 0,004002
0:22:00 -0,018546 0:52:00 -0,001464 1:22:00f -0,183895 1:52:00 0,191814

366 846886 366 6,004464 +-23-66 8;62864+H +-53-66 6,6688102
0:24:00 0,024500 0:54:00( -0,006702 1:24:00 0,001269) 1:54:00f -0,001236
0:25:00 0,016528| 0:55:00f -0,067968 1:25:00f -0,001464 1:55:00[ -0,001464
0:26:00 0,237449| 0:56:00 0,014023| 1:26:00 -0,001464 1:56:00 -0,001236
0:27:00 -0,029478| 0:57:00 0,027688| 1:27:00 -0,001464 1:57:00 0,010379
0:28:00 -0,180934 0:58:00] -0,074573 1:28:00f -0,001464 1:58:00f -0,001692
0:29:00 0,051830 0:59:00 -0,020823| 1:29:00 0,007646 1:59:00f -0,016951
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Table A.4 — Numerical data of Figure 8 (duty cycle of fluctuation

reduction of wind farm (average standard deviation))

Time Signal Time Signal Time Signal Time Signal
0:00:00 0,071642 0:30:00| -0,200000 1:00:00 0,714096 1:30:00] -0,275954
0:01:00f -0,089552 0:31:00f -0,147927 1:01:00 0,385406 1:31:00] -0,088557
0:02:00 0,104478 0:32:00 -0,140962 1:02:00 -0,079934 1:32:00 -0,052073
0:03:00| -0,297844 0:33:00f -0,434826 1:03:00 0,457711 1:33:00f -0,119735
0:04:00f -0,081592 0:34:00f -0,295522 1:04:00 0,253068 1:34:00 0,018242
0:05:00[ -0,440464 0:35:00[ -0,286235 1:05:00] -0,044776 1:35:00] (<0,007297
0:06:00 -0,047098 0:36:00 -0,065672 1:06:00 0,062023 1:36:00 -0,084677
0:07:00] -0,361857 0:37:00 0,283250] 1:07:00 0,354892 1:37:00 -0,020232
0:08:00 0,051741 0:38:00 0,373466 1:08:00 -0,097844 1:38:00] -0,17/8441
0:09:00 -0,250746 0:39:00 0,348590] 1:09:00 -0,436816 1:39:00 -0,031509
0:10:00 0,259038 0:40:00 0,132007 1:10:00] -0,245741 1:40:00] -0,209950
0:11:00 0,041128 0:41:00 -0,111443 1:11:00 0,094196 1:41:00 -0,364179
0:12:00 0,101161 0:42:00 0,149585 1:12:00f  *-0,036153 1:42:00 0,135323
0:13:00 0,059701 0:43:00 0,234163 1:13:00 0,166169] 1:43:00 -0,197214
0:14:00 -0,088889| 0:44:00 0,225207 1:14:00 0,226202 1:44:00 0,338308
0:15:00 -0,254063I 0:45:00 0,478607 1:15:00] -0,036816 1:45:00] -0,082919
0:16:00 -O,14461OI 0:46:00 0,050746 1:16:00 0,120066 1:46:00 0,216252
0:17:00 0,028856 0:47:00[ -0,285904 1:17:00 0,513765 1:47:00 0,341957
0:18:00] -0,060365 0:48:00 0;259370] 1:18:00 0,538308] 1:48:00[ -0,045108
0:19:00 0,074959| 0:49:00 0,606965 1:19:00 0,525705 1:49:00 -0,240796
0:20:00 0,21 1940' 0:50:00 0,269983| 1:20:00 0,532007 1:50:00 0,331012
0:21:00 0,022886 0:51:00 0,060033' 1:21:00 0,297844 1:51:00f -0,097181
0:22:00 0,083914 0:52:00 -O,260033I 1:22:00 0,026534 1:52:00[ -0,143615
0:23:00 -0,057380| 0:53:00 -O,196683I 1:23:00 0,527695 1:53:00 0,198673
0:24:00 —0,045439| 0:54:00[ -0,062687 1:24:00 0,157214 1:54:00 0,299370
0:25:00{\_J-0,1 68823| 0:55:00f -0,102819] 1:25:00[ -0,512438 1:55:00 0,392703
0:26:00 0,530017 0:56:00 -0,306136 1:26:00 0,226202 1:56:00 0,519735
0°97-00] 0225207 0-57-:00| -0 468657, 1-27-00] 0137313} 1-57-00] 0148723
0:28:00 0,175124 0:58:00 -0,178441 1:28:00 -0,142289 1:58:00 -0,027861
0:29:00] -0,062687 0:59:00 0,451 078| 1:29:00 -0,058043| 1:59:00 0,403980
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Table A.5 — Numerical data of Figure 9 (duty cycle of fluctuation

reduction of wind farm (high standard deviation))

Time Signal Time Signal Time Signal Time Signal
0:00:00| -0,359709 0:30:00 0,001364 1:00:00 0,181446 1:30:00] -0,373655
0:01:00 0,164469] 0:31:00 0,000152 1:01:00] -0,386994 1:31:00] -0,661664
0:02:00 -0,509777 0:32:00 -0,001667| 1:02:00 -0,722601 1:32:00 -0,428225
0:03:00] -0,002880] 0:33:00f -0,001667 1:03:00] -0,784447 1:33:00f -0,178111
0:04:00 0,283311 0:34:00[ -0,001667 1:04:00] -0,596483 1:34:00 0,3111808
0:05:00 0,276035 0:35:00[ -0,064726 1:05:00] -0,470365 1:35:00 0,056238
0:06:00 0,146279] 0:36:00 -0,734122 1:06:00 -0,000455 1:36:00 -0,385478
0:07:00 0,171442 0:37:00 0,144156 1:07:00 0,660452 1:37:00 0,321510
0:08:00 0,1 08079| 0:38:00 -0,553737 1:08:00 -0,444596 1:38:00 0,055935
0:09:00 -O,24117OI 0:39:00 0,407306 1:09:00 0,272397 1:39:00 0,172957
0:10:00 0,493709' 0:40:00 -0,029559| 1:10:00] -0,510384 1:40:00] -0,648931
0:11:00 -0,479157 0:41:00 -O,219039I 1:11:00 -0,662271 1:41:00 -0,377596
0:12:00 -0,624981 0:42:00 -0,056541 1:12:00 0,054116 1:42:00 -0,009247
0:13:00 0,116265 0:43:00 -0,292406 1:13:00 0,307261 1:43:00 -0,121419
0:14:00 0,309383' 0:44:00[ -0,822343] 1:14:00] -0,802334 1:44:.00] -0,435501
0:15:00 0, 152039| 0:45:00f -0,715325 1:15:00 -0,178718| 1:45:00] -0,174473
0:16:00 O,477338| 0:46:00 -0,674701 1:16:00 -0,450659' 1:46:00 -0,172957|
0:17:00 0,147794 0:47:00[ -0,241473] 1:17:00] -0,484311 1:47:00] -0,172048
0:18:00 0,599818| 0:48:00] _1:0;575565 1:18:00] -0,855995 1:48:00[ -0,718357,
0:19:00 0,588298| 0:49:00 -0,851144 1:19:00 -0,272397 1:49:00 -0,599818
0:20:00 0,006215 0:50:00[ -0,490981 1:20:00 0,528574 1:50:00 -0,282704
0:21:00] -0,049265 0:51:00 0,048658] 1:21:00 0,313021 1:51:00 -0,547361
0:22:00 -0,567985 0:52:00 -0,216007 1:22:00{ -0,613764 1:52:00 0,197473
0:23:00 -0,246324 0:53:00 -0,112627 1:23:00 -0,349401 1:53:00 0,390922
0:24:00[ _-0;104441 0:54:00( -0,824162 1:24:00] -0,899045 1:54:00 0,235107
0:25:00{\_’-0,005609] 0:55:00f -0,846900 1:25:00f -0,901167, 1:55:00 0,092921
0:26:00 -0,000152 0:56:00 -0,458845] 1:26:00 -0,901167 1:56:00 -0,243890
0°97-00] -0 025011 0-57-:00] -0 A26800) 1:27:001 -0.7198734 1-57-00] 0 487040
0:28:00] -0,257541 0:58:00 -0,787479| 1:28:00 0,397908I 1:58:00( -0,546157|
0:29:00 0,252994 0:59:00 -0,049568| 1:29:00( -0,578596 1:59:00 0,661058
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Table A.6 — Numerical data of Figure 17 (duty cycle for renewable firming mode)

Time Signal Time Signal Time Signal Time Signal Time Signal

0:00:00] -0,0177840| 0:00:45| -0,0198787 | 0:01:30[ -0,0210476] 0:02:15 -0,0222840] 0:03:00| -0,0239439
0:00:01] -0,0178374| 0:00:46| -0,0199179| 0:01:31| -0,0210706] 0:02:16| -0,0223162| 0:03:01| -0,0239858
0:00:02] -0,0178904| 0:00:47| -0,0199568| 0:01:32 -0,0210937] 0:02:17| -0,0223487] 0:03:02| -0,0240278
0:00:03] -0,0179432| 0:00:48| -0,0199953] 0:01:33| -0,0211171 0:02:18| -0,0223813] 0:03:03| -0,0240701
0:00:04] -0,0179956| 0:00:49| -0,0200335| 0:01:34 -0,0211406] 0:02:19| -0,0224142] 0:03:04| -0,0241126
0:00:05( -0,0180477] 0:00:50| -0,0200714| 0:01:35| -0,0211644| 0:02:20[ -0,0224472] 0:03:05| -0,0241553
0:00+061—6;61809961—6-06:5H—0;0204696-—0-6+361—6; 0288410022 H—6;62248051—0-03-06T—06;624 1982
0:J0:07( -0,0181511| 0:00:52| -0,0201462] 0:01:37| -0,0212125] 0:02:22 -0,0225140| 0:03:07| -0,0242413
0:q0:08| -0,0182023| 0:00:53| -0,0201827| 0:01:38| -0,0212369| 0:02:23| -0,0225476] 0:03:08(0,0242847
0:4q0:09| -0,0182533] 0:00:54| -0,0202181| 0:01:39] -0,0212615| 0:02:24| -0,0225815] 0:08:09( -0,0243283
0:0:10{ -0,0183039| 0:00:55| -0,0202524] 0:01:40] -0,0212863] 0:02:25 -0,0226156| 0:03:10[ -0,0243720
0:q0:11{ -0,0183542] 0:00:56] -0,0202855| 0:01:41| -0,0213113] 0:02:26[ -0,0226499}. -/0:03:11| -0,0244160
0:J0:12 -0,0184042| 0:00:57| -0,0203175] 0:01:42| -0,0213365] 0:02:27 -0,0226845| 0:03:12 -0,0244603
0:4q0:13| -0,0184539] 0:00:58| -0,0203483| 0:01:43| -0,0213619| 0:02:28| -0,0227192] 0:03:13| -0,0245047
0:q0:14( -0,0185033] 0:00:59( -0,0203781 0:01:44| -0,0213876] 0:02:29|40,0227541] 0:03:14| -0,0245493
0:40:15 -0,0185524] 0:01:00[ -0,0204067| 0:01:45] -0,0214134| 0:02:30|y-0,0227893] 0:03:15| -0,0245942
0:qo0:16 -0,0186012] 0:01:01f -0,0204342] 0:01:46| -0,0214394| 0:02:31| -0,0228247| 0:03:16| -0,0246393
0:40:17 -0,0186497] 0:01:02[ -0,0204605] 0:01:47| -0,0214657 | (0:02:32| -0,0228602| 0:03:17| -0,0246845
0:q0:18| -0,0186978] 0:01:03 -0,0204857] 0:01:48| -0,02149214 0:02:33| -0,0228960| 0:03:18| -0,0247298
0:40:19| -0,0187457] 0:01:04 -0,0205098] 0:01:49| -0,0245187| 0:02:34] -0,0229320] 0:03:19| -0,0247751
0:q0:20[ -0,0187932] 0:01:05( -0,0205328] 0:01:50| -0,0215456| 0:02:35 -0,0229683] 0:03:20| -0,0248204
0:q0:21| -0,0188404] 0:01:06[ -0,0205546] 0:01:51}.-0,0215727| 0:02:36] -0,0230047] 0:03:21| -0,0248658
0:0:22| -0,0188874] 0:01:07[ -0,0205753] 0:0L52} -0,0215999| 0:02:37| -0,0230413] 0:03:22| -0,0249113
0:0:23 -0,0189340] 0:01:08[ -0,0205948] (:91:53| -0,0216274| 0:02:38] -0,0230782] 0:03:23| -0,0249568
0:0:24] -0,0189803| 0:01:09| -0,0206133 J\\"0:01:54 -0,0216551] 0:02:39] -0,0231153| 0:03:24| -0,0250023
0:90:25| -0,0190262| 0:01:10| -0,0206319] 0:01:55( -0,0216830] 0:02:40] -0,0231526| 0:03:25 -0,0230479
0:0:26| -0,0190719| 0:01:11f -0,0206507] 0:01:56( -0,0217110] 0:02:41] -0,0231901| 0:03:26| -0,0250936
0:90:27] -0,0191172| 0:01:12| ~0,0206698] 0:01:57( -0,0217393] 0:02:42| -0,0232278| 0:03:27| -0,0241393
0:0:28] -0,0191623| 0:01:13| -0,0206890] 0:01:58 -0,0217678] 0:02:43] -0,0232658| 0:03:28 -0,0231850
0:0:29] -0,0192070| 0:03:14] -0,0207085] 0:01:59 -0,0217965] 0:02:44| -0,0233039| 0:03:29] -0,02532308
0:90:30] -0,0192514 |~ 9:01:15 -0,0207281] 0:02:00[ -0,0218255] 0:02:45 -0,0233423| 0:03:30| -0,0232767
0:0:31] -0,0192954{ .  0:01:16| -0,0207480] 0:02:01f -0,0218546] 0:02:46| -0,0233809| 0:03:31] -0,0233225
0:0:32] -0,0193392| 0:01:17| -0,0207680] 0:02:02[ -0,0218839] 0:02:47] -0,0234197| 0:03:32] -0,0233685
0:00:33 -0,0193826] 0:01:18 -0,0207883] 0:02:03] -0,0219134] 0:02:48 -0,0234587] 0:03:33] -0,0234145
0:9Q0:34|( -0;0194257| 0:01:19] -0,0208088| 0:02:04] -0,0219432] 0:02:49 -0,0234980] 0:03:34| -0,02434606
0:90:35)-0,0194685] 0:01:20| -0,0208295] 0:02:05 -0,0219731] 0:02:50] -0,0235374] 0:03:35[ -0,0235067
0:00:36] -0,0195110| 0:01:21] -0,0208504] 0:02:06| -0,0220033] 0:02:51f -0,0235771] 0:03:36] -0,0255528
0:00:37| -0,0195532| 0:01:22] -0,0208714] 0:02:07| -0,0220337] 0:02:52f -0,0236170] 0:03:37| -0,0255990
0:00:38 -0,0195950| 0:01:23 -0,0208927] 0:02:08 -0,0220642] 0:02:53 -0,0236571] 0:03:38 -0,0256453
0:00:39] -0,0196365| 0:01:24| -0,0209143 | 0:02:09( -0,0220950 ] 0:02:54 -0,0236974] 0:03:39| -0,0256916
0:00:40] -0,0196777| 0:01:25| -0,0209360| 0:02:10[ -0,0221260] 0:02:55 -0,0237380] 0:03:40| -0,0257380
0:00:41] -0,0197185] 0:01:26| -0,0209579| 0:02:11| -0,0221572] 0:02:56| -0,0237787] 0:03:41| -0,0257844
0:00:42] -0,0197590| 0:01:27| -0,0209800| 0:02:12 -0,0221886] 0:02:57 -0,0238197] 0:03:42| -0,0258309
0:00:43] -0,0197992| 0:01:28| -0,0210023| 0:02:13[ -0,0222202] 0:02:58| -0,0238609| 0:03:43| -0,0258774
0:00:44| -0,0198391 0:01:29( -0,0210249] 0:02:14| -0,0222520| 0:02:59| -0,0239023| 0:03:44| -0,0259240



https://iecnorm.com/api/?name=b8d8dcd98eab8b40e8ae2904495df964

— 48 —

IEC TS 62933-2-2:2022 © |[EC 2022

Time Signal Time Signal Time Signal Time Signal Time Signal

0:03:45] -0,0259706| 0:04:30| -0,0281221| 0:05:15 -0,0303689] 0:06:00 -0,0326983] 0:06:45| -0,0353502
0:03:46] -0,0260173| 0:04:31| -0,0281711| 0:05:16 -0,0304197] 0:06:01f -0,0327510] 0:06:46| -0,0354157
0:03:47] -0,0260640| 0:04:32| -0,0282201| 0:05:17 -0,0304707] 0:06:02 -0,0328038 | 0:06:47| -0,0354808
0:03:48| -0,0261108| 0:04:33| -0,0282692| 0:05:18[ -0,0305216] 0:06:03| -0,0328565| 0:06:48| -0,0355454
0:03:49] -0,0261576| 0:04:34| -0,0283183] 0:05:19( -0,0305726] 0:06:04| -0,0329094| 0:06:49| -0,0356097
0:03:50( -0,0262045] 0:04:35| -0,0283675| 0:05:20| -0,0306237| 0:06:05 -0,0329622] 0:06:50| -0,0356736
0:03:51| -0,0262514] 0:04:36| -0,0284167] 0:05:21| -0,0306748| 0:06:06| -0,0330151] 0:06:51| -0,0357371
0:03:52 -0,0262984] 0:04:37| -0,0284659| 0:05:22| -0,0307259| 0:06:07| -0,0330681] 0:06:52| -0,0358001
0:03-531—=0;626345% 00438 —0;0285152 0705-23—=0;03077 71 6706:08—0;0331216 0706-53—=0;0358628
0:43:54 -0,0263925] 0:04:39] -0,0285646] 0:05:24| -0,0308283| 0:06:09| -0,0331741] 0:06:54| +0,0349251
0:43:55( -0,0264396| 0:04:40] -0,0286140| 0:05:25| -0,0308795| 0:06:10[ -0,0332272] 0:06:55}"-0,0349870
0:43:56| -0,0264868| 0:04:41] -0,0286634| 0:05:26] -0,0309308| 0:06:11| -0,0332803] 0:06:56| -0,0340485
0:(3:57| -0,0265340] 0:04:42] -0,0287129| 0:05:27| -0,0309821 0:06:12 -0,0333334] 0:06:57| -0,0341096
0:(3:58| -0,0265813 | 0:04:43] -0,0287624| 0:05:28| -0,0310335| 0:06:13| -0,03338667}~'0:06:58| -0,0341703
0:43:59| -0,0266286] 0:04:44{ -0,0288120] 0:05:29| -0,0310849| 0:06:14| -0,0334399] 0:06:59| -0,0342306
0:04:00[ -0,0266759] 0:04:45( -0,0288616] 0:05:30] -0,0311363| 0:06:15| -0,0334932| 0:07:00 -0,0342905
0:04:01| -0,0267234] 0:04:46 -0,0289112] 0:05:31] -0,0311878| 0:06:16|-%0,0335472] 0:07:01| -0,03643501
0:04:02 -0,0267709] 0:04:47[ -0,0289609] 0:05:32| -0,0312394| 0:06:17])-0,0336017] 0:07:02| -0,0344092
0:04:03| -0,0268184] 0:04:48 -0,0290106] 0:05:33] -0,0312909| 0:06:18| -0,0336568| 0:07:03| -0,0344679
0:04:04| -0,0268660] 0:04:49 -0,0290604] 0:05:34| -0,0313425] (0:06:19| -0,0337125] 0:07:04| -0,0345263
0:04:05 -0,0269136] 0:04:50[ -0,0291102] 0:05:35] -0,03139414 0:06:20| -0,0337688| 0:07:05| -0,0345842
0:04:06 -0,0269613] 0:04:51f -0,0291601] 0:05:36| -0,0314458| 0:06:21] -0,0338257] 0:07:06| -0,0346418
0:04:07| -0,0270091] 0:04:52[ -0,0292100] 0:05:37| -0;,0314975] 0:06:22] -0,0338831 0:07:07| -0,0346989
0:04:08| -0,0270569] 0:04:53 -0,0292599] 0:05:38}--0,0315493| 0:06:23] -0,0339411] 0:07:08 -0,0347557
0:04:09| -0,0271048]| 0:04:54] -0,0293099] 0:05:39 -0,0316011] 0:06:24{ -0,0339997| 0:07:09| -0,0348121
0:04:10] -0,0271527| 0:04:55 -0,0293599] 0i05:40[ -0,0316529] 0:06:25 -0,0340589| 0:07:10| -0,03648680
0:04:11] -0,0272006| 0:04:56 -0,0294100]J\0:05:41 -0,0317048] 0:06:26| -0,0341187| 0:07:11] -0,0369236
0:04:12| -0,0272487| 0:04:57| -0,0294603] 0:05:42[ -0,0317568] 0:06:27| -0,0341791| 0:07:12| -0,0349788
0:04:13] -0,0272967] 0:04:58[ -0,0295102] 0:05:43] -0,0318087] 0:06:28 -0,0342400] 0:07:13| -0,0340336
0:04:14] -0,0273449] 0:04:59|~=0;0295604] 0:05:44 -0,0318607] 0:06:29] -0,0343015| 0:07:14] -0,0370879
0:04:15 -0,0273931| 0:05:00[ -0,0296106] 0:05:45( -0,0319128] 0:06:30] -0,0343637| 0:07:15 -0,0371419
0:04:16] -0,0274413] 0:05:01| -0,0296609] 0:05:46( -0,0319648] 0:06:31] -0,0344264| 0:07:16| -0,0371955
0:04:17] -0,0274896 |~ 0:05:02| -0,0297112] 0:05:47( -0,0320170] 0:06:32| -0,0344897| 0:07:17| -0,0372487
0:04:18 -0,02753804 + 0:05:03] -0,0297615] 0:05:48 -0,0320691] 0:06:33 -0,0345535| 0:07:18 -0,0373015
0:94:19[ -0,0275864| 0:05:04] -0,0298119] 0:05:49] -0,0321213] 0:06:34 -0,0346180] 0:07:19] -0,0313540
0:94:20] -050276348| 0:05:05 -0,0298623] 0:05:50| -0,0321736] 0:06:35( -0,0346830] 0:07:20 -0,0374060
0:94:21f(_-0,0276833] 0:05:06| -0,0299128] 0:05:51] -0,0322259] 0:06:36] -0,0347487] 0:07:21] -0,03714576
0:94+22 -0,0277319| 0:05:07| -0,0299633] 0:05:52 -0,0322782] 0:06:37| -0,0348149] 0:07:22| -0,0375088
0:04:23 -0,0277805| 0:05:08 -0,0300138] 0:05:53] -0,0323306] 0:06:38] -0,0348817] 0:07:23 -0,0375599
0:04:24] -0,0278291| 0:05:09| -0,0300644 | 0:05:54( -0,0323830] 0:06:39( -0,0349491] 0:07:24| -0,0376110
0:04:25] -0,0278779| 0:05:10| -0,0301151 | 0:05:55( -0,0324354] 0:06:40[ -0,0350169] 0:07:25| -0,0376621
0:04:26] -0,0279266| 0:05:11| -0,0301657 | 0:05:56( -0,0324879] 0:06:41 -0,0350844] 0:07:26| -0,0377133
0:04:27] -0,0279754| 0:05:12| -0,0302165| 0:05:57| -0,0325405] 0:06:42 -0,0351514] 0:07:27| -0,0377645
0:04:28] -0,0280242| 0:05:13| -0,0302672| 0:05:58| -0,0325930] 0:06:43[ -0,0352181 0:07:28| -0,0378157
0:04:29] -0,0280731 0:05:14{ -0,0303180] 0:05:59| -0,0326457| 0:06:44| -0,0352844] 0:07:29| -0,0378669
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IEC TS 62933-2-2:2022 © |IEC 2022 —49 -

Time Signal Time Signal Time Signal Time Signal Time Signal

0:07:30] -0,0379182| 0:08:15| -0,0399625| 0:09:00( -0,0419085] 0:09:45( -0,0488941] 0:10:30| -0,0581462
0:07:31] -0,0379695| 0:08:16| -0,0399800| 0:09:01| -0,0420217] 0:09:46 -0,0491020] 0:10:31| -0,0583515
0:07:32] -0,0380209| 0:08:17| -0,0399979| 0:09:02 -0,0421418] 0:09:47| -0,0493098 | 0:10:32| -0,0585568
0:07:33| -0,0380722| 0:08:18| -0,0400163| 0:09:03| -0,0422672] 0:09:48( -0,0495173] 0:10:33| -0,0587621
0:07:34] -0,0381235] 0:08:19] -0,0400351 0:09:04| -0,0423978| 0:09:49] -0,0497248| 0:10:34| -0,0589674
0:07:35 -0,0381748| 0:08:20| -0,0400543| 0:09:05| -0,0425337| 0:09:50[ -0,0499320] 0:10:35| -0,0591727
0:07:36 -0,0382261] 0:08:21] -0,0400740| 0:09:06| -0,0426748| 0:09:51| -0,0501391] 0:10:36 -0,0593779
0:07:37 -0,0382774] 0:08:22| -0,0400942| 0:09:07| -0,0428212| 0:09:52| -0,0503460] 0:10:37| -0,0595832
0:07-38—=0;0383287 0708723—=0;040t147 070908 —=0;042572% 6709-53—=0;6505528 O 10-38—=0;0597884
0:47:39 -0,0383800| 0:08:24] -0,0401357] 0:09:09] -0,0431298| 0:09:54| -0,0507594] 0:10:39| +0,0599937
0:q7:40[ -0,0384312] 0:08:25| -0,0401572| 0:09:10] -0,0432853| 0:09:55 -0,0509658] 0:10:40}"-0,06(1989
0:q7:41{ -0,0384825] 0:08:26] -0,0401791] 0:09:11| -0,0434385] 0:09:56| -0,0511720] 0:10:41{ -0,06(4041
0:q7:42| -0,0385337] 0:08:27| -0,0402014| 0:09:12| -0,0435893| 0:09:57| -0,0513781 0:10:42( -0,0606093
0:q7:43| -0,0385849] 0:08:28| -0,0402242| 0:09:13] -0,0437377| 0:09:58| -0,0515841}~0:10:43| -0,06(8145
0:47:44( -0,0386361 0:08:29| -0,0402474] 0:09:14 -0,0438838] 0:09:59| -0,0517898| 0:10:44| -0,0630197
0:q7:45 -0,0386873] 0:08:30[ -0,0402710] 0:09:15| -0,0440275| 0:10:00] -0,0539955] 0:10:45| -0,0612249
0:47:46| -0,0387385] 0:08:31f -0,0402951] 0:09:16| -0,0441688| 0:10:01|7%0,6522009] 0:10:46| -0,0614301
0:q7:47| -0,0387897] 0:08:32[ -0,0403197] 0:09:17| -0,0443077| 0:10:02|)-0,0524062| 0:10:47| -0,0616352
0:q7:48| -0,0388409] 0:08:33 -0,0403469] 0:09:18| -0,0444442| 0:10:03| -0,0526113] 0:10:48| -0,0618404
0:q7:49 -0,0388920] 0:08:34 -0,0403769] 0:09:19] -0,0445784| (0:10:04| -0,0528162| 0:10:49| -0,0640455
0:q7:50[ -0,0389432] 0:08:35( -0,0404095] 0:09:20] -0,04471624 0:10:05 -0,0530210] 0:10:50| -0,0642507
0:q7:51| -0,0389943] 0:08:36( -0,0404448] 0:09:21| -0,0448396| 0:10:06| -0,0532257] 0:10:51| -0,0644558
0:q7:52| -0,0390455] 0:08:37[ -0,0404828] 0:09:22| -0,0449659| 0:10:07| -0,0534301 0:10:52| -0,0646609
0:q7:53 -0,0390966] 0:08:38 -0,0405235] 0:09:23},-0,0450896| 0:10:08] -0,0536344] 0:10:53| -0,0648660
0:47:54| -0,0391477| 0:08:39| -0,0405670] 0:09:24f -0,0452143] 0:10:09| -0,0538385| 0:10:54| -0,0630711
0:07:55| -0,0391988| 0:08:40| -0,0406131] 0309:25( -0,0453400] 0:10:10] -0,0540426| 0:10:55 -0,0632762
0:47:56| -0,0392499| 0:08:41| -0,0406604J\\0:09:26( -0,0454666] 0:10:11] -0,0542469| 0:10:56| -0,0634813
0:47:57] -0,0393009| 0:08:42] -0,0407089] 0:09:27[ -0,0455941] 0:10:12] -0,0544513| 0:10:57| -0,0636864
0:7:58] -0,0393520] 0:08:43] -0,0207586] 0:09:28 -0,0457227] 0:10:13] -0,0546559] 0:10:58 -0,0638914
0:97:59| -0,0394031| 0:08:44] ~0;0408094] 0:09:29( -0,0458522] 0:10:14] -0,0548607| 0:10:59| -0,0640965
0:08:00] -0,0394541| 0:08:45 -0,0408614] 0:09:30[ -0,0460033] 0:10:15] -0,0550656| 0:11:00, -0,0643015
0:08:01] -0,0395051| 0:08:6 -0,0409146] 0:09:31f -0,0461588] 0:10:16] -0,0552707| 0:11:01] -0,0645066
0:08:02] -0,0395548 |~ 0:08:47| -0,0409690] 0:09:32[ -0,0463249] 0:10:17| -0,0554760| 0:11:02] -0,0647116
0:08:03] -0,0396Q18Y - 0:08:48 -0,0410245] 0:09:33( -0,0464985] 0:10:18 -0,0556814| 0:11:03] -0,0649166
0:08:04( -0,0396462]| 0:08:49 -0,0410812] 0:09:34] -0,0466771] 0:10:19] -0,0558869] 0:11:04f -0,0631216
0:48:05] -030396880| 0:08:50| -0,0411391] 0:09:35 -0,0468606] 0:10:20f -0,0560923] 0:11:05 -0,0643266
0:08:06[( -0,0397271] 0:08:51] -0,0411981] 0:09:36] -0,0470490] 0:10:21f -0,0562977] 0:11:06| -0,0635316
0:48:07% -0,0397636| 0:08:52] -0,0412583] 0:09:37| -0,0472424] 0:10:22f -0,0565032] 0:11:07| -0,0647366
0:08:08 -0,0397975| 0:08:53 -0,0413209] 0:09:38 -0,0474407] 0:10:23] -0,0567086] 0:11:08 -0,0659416
0:08:09] -0,0398287| 0:08:54| -0,0413879| 0:09:39( -0,0476439] 0:10:24 -0,0569140] 0:11:09| -0,0661465
0:08:10] -0,0398573| 0:08:55| -0,0414593| 0:09:40( -0,0478521] 0:10:25( -0,0571194] 0:11:10| -0,0663515
0:08:11] -0,0398833| 0:08:56| -0,0415350| 0:09:41| -0,0480608 ] 0:10:26 -0,0573247] 0:11:11| -0,0665564
0:08:12] -0,0399066| 0:08:57| -0,0416165| 0:09:42| -0,0482694] 0:10:27 -0,0575301 0:11:12| -0,0667613
0:08:13] -0,0399274| 0:08:58| -0,0417059| 0:09:43( -0,0484778 ] 0:10:28| -0,0577355] 0:11:13| -0,0669663
0:08:14] -0,0399454| 0:08:59| -0,0418032| 0:09:44( -0,0486860] 0:10:29 -0,0579408 ] 0:11:14| -0,0671712
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- 50 - IEC TS 62933-2-2:2022 © |[EC 2022

Time Signal Time Signal Time Signal Time Signal Time Signal
0:11:15|  -0,0673761 0:12:00] -0,0764592 0:12:45|  -0,0850062 0:13:30] -0,0951822 0:14:15|  -0,1064145

0:11:16]  -0,0675810 0:12:01 -0,0766566 0:12:46| -0,0852059 0:13:31 -0,0954162 0:14:16|  -0,1066704

0:11:17(  -0,0677859 0:12:02 -0,0768528 0:12:47(  -0,0854066 0:13:32| -0,0956510 0:14:17|  -0,1069264
0:11:18|  -0,0679907 0:12:03| -0,0770472 0:12:48| -0,0856082 0:13:33| -0,0958874 0:14:18| -0,1071822

0:11:19(  -0,0681956 0:12:04| -0,0772398 0:12:49|  -0,0858109 0:13:34|  -0,0961256 0:14:19|  -0,1074380
0:11:20|  -0,0684004 0:12:05| -0,0774306 0:12:50|  -0,0860145 0:13:35|  -0,0963654 0:14:20| -0,1076938

0:11:21 -0,0686053 0:12:06] -0,0776196 0:12:51 -0,0862191 0:13:36]  -0,0966070 0:14:21 -0,1079494
0:11:22|  -0,0688101 0:12:07| -0,0778068 0:12:52|  -0,0864246 0:13:37|  -0,0968502 0:14:22|  -0,1082050

=

1723 -U,UodUT4Y U1£.Us -U, U7 19924 UT1£.05 -U,USbos5 14 UI15.56 -U,U97UY04 Ul14.45 -0, TOp4605

1:24] -0,0692198 0:12:09] -0,0781758 0:12:54| -0,0868387 0:13:39 -0,0973418 0:14:24| (-0,10B7159

1:25| -0,0694246 0:12:10] -0,0783589 0:12:55(  -0,0870485 0:13:40( -0,0975901 0:14:25|) ~-0,10p9712
1:26] -0,0696291 0:12:11 -0,0785424 0:12:56 -0,0872613 0:13:41 -0,0978387 0:14:26| -0,10p2265

1:27| -0,0698334 0:12:12[ -0,0787262 0:12:57[  -0,0874772 0:13:42 -0,0980874 0:44:27(  -0,10p4817
1:28| -0,0700374 0:12:13(  -0,0789104 0:12:58(  -0,0876961 0:13:43( -0,0983364 0:14:28) -0,10p7368

1:29| -0,0702412 0:12:14  -0,0790950 0:12:59  -0,0879180 0:13:44(  -0,0985856 0:14:29)  -0,10p9918
1:30] -0,0704447 0:12:15(  -0,0792800 0:13:00[ -0,0881430 0:13:45(  -0,0988350 0:14:30[  -0,11p2468

1:31 -0,0706481 0:12:16[  -0,0794653 0:13:01 -0,0883710 0:13:46(7\,-0;,0990846 0:14:31 -0,11p5017
1:32] -0,0708513 0:12:17(  -0,0796509 0:13:02[  -0,0886007 0:13:47() -0,0993344 0:14:32|  -0,11p7573
1:33] -0,0710542 0:12:18(  -0,0798370 0:13:03[ -0,0888315 014348 -0,0995844 0:14:33 -0,11[10145
1:34 -0,0712570 0:12:19(  -0,0800234 0:13:04[ -0,0890632 0:13:49[  -0,0998347 0:14:34|  -0,11[12734

1:35( -0,0714596 0:12:20(  -0,0802102 0:13:05(  -0,0892958 0:13:50]  -0,1000851 0:14:35  -0,11[15339
1:36] -0,0716619 0:12:21 -0,0803973 0:13:06|  -0,0895295 0:13:51 -0,1003358 0:14:36|  -0,11[17961

1:37]  -0,0718641 0:12:22|  -0,0805848 0:13:07| , -0,0897641 0:13:52|  -0,1005867 0:14:37|  -0,11R0600
1:38( -0,0720661 0:12:23]  -0,0807727 0:13:08}-, -0,0899997 0:13:53]  -0,1008377 0:14:38|  -0,11p3255

1:39( -0,0722679 0:12:24)  -0,0809609 0:18:09] -0,0902362 0:13:54|  -0,1010890 0:14:39|  -0,11p5927
1:40[ -0,0724694 0:12:25|  -0,0811495 0:13:10]  -0,0904731 0:13:55|  -0,1013405 0:14:40,  -0,11p8615

1:41 -0,0726708 0:12:26| -0,0813384 0:13:11 -0,0907098 0:13:56|  -0,1015922 0:14:41 -0,11p1295
1:42[ -0,0728720 0:12:27]  -0,0816278 0:13:12]  -0,0909464 0:13:57]  -0,1018441 0:14:42|  -0,11B3964

1:43]  -0,0730730 0:12:28]  -0,0817174 0:13:13]  -0,0911829 0:13:58]  -0,1020962 0:14:43|  -0,11p6622
1:44( -0,0732738 0:12:29| /~ -0,0819075 0:13:14]  -0,0914193 0:13:59]  -0,1023486 0:14:44|  -0,11B9268

1:45 -0,0734743 0:12:30|  -0,0820979 0:13:15]  -0,0916555 0:14:00,  -0,1026011 0:14:45|  -0,1141903
1:46| -0,0736747 0:42:31 -0,0822887 0:13:16)  -0,0918915 0:14:01 -0,1028539 0:14:46|  -0,11p4527

1:471  -0,0738749 0712:32]  -0,0824799 0:13:17]  -0,0921275 0:14:02f -0,1031068 0:14:47)  -0,1147139
1:48]  -0,0740749 0:12:33]  -0,0826714 0:13:18]  -0,0923633 0:14:03]  -0,1033600 0:14:48)  -0,11p9740

1:49| -0,0742747 0:12:34(  -0,0828633 0:13:19]  -0,0925989 0:14:04 -0,1036134 0:14:49]  -0,11p2329
1:50| _-0,0744743 0:12:35|  -0,0830555 0:13:20]  -0,0928344 0:14:05| -0,1038670 0:14:50,  -0,11p4907

oleolo|elelelelolelelololelololo]ololo]elo]o]e]|o]elelo]e

1:51 +0,0746736 0:12:36) -0,0832481 0:13:21 -0,0930698 0:14:06| -0,1041208 0:14:51 -0,11p7474
112621 -0,0748728 0:12:37]  -0,0834411 0:13:22]  -0,0933051 0:14:07]  -0,1043748 0:14:52]  -0,11p0029

.O

0:11:53]  -0,0750718 0:12:38]  -0,0836345 0:13:23]  -0,0935402 0:14:08)  -0,1046290 0:14:53]  -0,1162573
0:11:54|  -0,0752706 0:12:39] -0,0838282 0:13:24| -0,0937752 0:14:09] -0,1048835 0:14:54| -0,1165106

0:11:55(  -0,0754692 0:12:40( -0,0840223 0:13:25(  -0,0940100 0:14:10[ -0,1051381 0:14:55| -0,1167627
0:11:56| -0,0756676 0:12:41 -0,0842171 0:13:26]  -0,0942447 0:14:11 -0,1053930 0:14:56| -0,1170137

0:11:57( -0,0758658 0:12:42 -0,0844129 0:13:27|  -0,0944793 0:14:12|  -0,1056480 0:14:57| -0,1172636
0:11:58|  -0,0760638 0:12:43|  -0,0846097 0:13:28| -0,0947137 0:14:13|  -0,1059033 0:14:58| -0,1175127

0:11:59( -0,0762616 0:12:44(  -0,0848074 0:13:29(  -0,0949480 0:14:14| -0,1061588 0:14:59| -0,1177614

Only the data for the first 15 min are shown here. See Figure 5.3.6 in the attached excel sheet
in “PNNL-22010 Rev.2” for all the data available at https://energystorage.pnnl.gov/pdf/PNNL-
22010Rev2.pdf. For the remainder part of the above listed period, the figures should be
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normalized by the peak value of the whole period. The polarity has to be changed in accordance
with IEC 62933-2-1.

Table A.7 — Numerical data of Figure 18 (duty cycle for fluctuation
reduction of renewable energy sources (power) and frequency control)

Time Signal Time Signal Time Signal Time Signal Time Signal
0:00:00( -0,7783264 0:03:00{ 0,2655156 0:06:00{ -0,1416140 0:09:00( 0,1922197 0:12:00( -0,1201514

0:00:04( -0,7699089 0:03:04 0,2864997 0:06:04( -0,1441833 0:09:04( 0,1969603 0:12:04( -0,1334074

0:00:08| -0,7699992 0:03:08| 0,2922015 0:06:08| -0,1488037 0:09:08( 0,2158981 0:12:08( -0,1441647

0:00:12] -0,4297440 0:03:12] 0,2979034 0:06:12] -0,1534241 0:09:12] 0,2348359 0:12:12[ -0,1549221
0:00:16( -0,4298343 0:03:16( 0,2988759 0:06:16| -0,1604748 0:09:16| 0,2485707 0:12:16| -0,1625502
0:00:20( -0,4299245 0:03:20 0,2951189 0:06:20| -0,1699558 0:09:20( 0,2571027 0:12:20( 401670490
0:00:24( -0,4300148 0:03:24 0,2913620 0:06:24| -0,1794368 0:09:24| 0,2656347 0:12:24(1 0,1715478
0:00:28( -0,4228718 0:03:28( 0,2822972 0:06:28| -0,1903974 0:09:28| 0,2741667 0:12:28| -0,1791678
0:00:32( -0,4157289 0:03:32| 0,2679246 0:06:32| -0,2013579 0:09:32| 0,2826986 0:12:32| -0,1867878
0:00:36( -0,0627367 0:03:36( 0,2492021 0:06:36( -0,2072311 0:09:36( 0,2860120 0:12:36| -0,1944079
0:00:40( -0,0482553 0:03:40| 0,2261299 0:06:40| -0,2080170 0:09:40( 0,2841068 0:12:40( -0,2020279
0:00:44( -0,0337739 0:03:44| 0,2030576 0:06:44| -0,2088029 0:09:44| 0,2822016 0:12:44 -0,2086186
0:00:48| -0,0222295 0:03:48( 0,1754507 0:06:48( -0,2016714 0:09:48) 0,2723645 0:12:48( -0,2121216|
0:00:52| -0,0106852 0:03:52 0,1478439 0:06:52( -0,1945399 0:09;52| 0,2625275 0:12:52( -0,2156246|
0:00:56| -0,0025703 0:03:56| 0,1204860 0:06:56| -0,1840488 0;09:56( 0,2569310 0:12:56( -0,2186420)
0:01:00[ 0,0008124 0:04:00[ 0,0933772 0:07:00[ -0,1701981 0:10:00{ 0,2527480 0:13:00( -0,2211740)
0:01:04| 0,0037491 0:04:04( 0,0667807 0:07:04( -0,1567636 0:10:04( 0,2486523 0:13:04( -0,2233764]
0:01:08| -0,0019960 0:04:08| 0,0511943 0:07:08| -0,1482966 0:10:08| 0,2393503 0:13:08| -0,2255788
0:01:12| -0,0077412 0:04:12 0,0356079 0:07:12{, -0,1398297 0:10:12 0,2300483 0:13:12( -0,2277813]
0:01:16| -0,0109170 0:04:16| 0,0260547 0:07+18| -0,1325157 0:10:16| 0,2199986 0:13:16( -0,2343451
0:01:20| -0,0115236 0:04:20| 0,0225348 0:07:20| -0,1263548 0:10:20( 0,2092010 0:13:20( -0,2452702
0:01:24| -0,0121302 0:04:24| 0,0190149 0:07:24| -0,1201939 0:10:24( 0,1984034 0:13:24( -0,2561954

0:01:28| -0,0075333 0:04:28( 0,0146573 0:07:28( -0,1121849 0:10:28 0,1891846 0:13:28| -0,2662071

0:01:32| -0,0029365 0:04:32| 0,0102996 0:07:32| -0,1041759 0:10:32 0,1799659 0:13:32| -0,2762187
0:01:36| 0,0022906 0:04:36(.0,0034104 0:07:36| -0,0926615 0:10:36 0,1691761 0:13:36( -0,2810644
0:01:40| 0,0077277 0:04:40| -0,0060103 0:07:40| -0,0776416 0:10:40( 0,1568154 0:13:40( -0,2807442
0:01:44| 0,0131647 0:04:44( -0,0154311 0:07:44| -0,0626217 0:10:44( 0,1444547 0:13:44 -0,2804239
0:01:48| 0,0220138 0:04:48| -0,0191526 0:07:48| -0,0466922 0:10:48| 0,1271064 0:13:48| -0,2713703
0:01:52| 0,0308628 0:04:52( -0,0228741 0:07:52| -0,0307627 0:10:52| 0,1097582 0:13:52| -0,2623168
0:01:56| 0,0368697 0:04:56| -0,0277144 0:07:56| -0,0136000 0:10:56( 0,0927248 0:13:56| -0,2512517
0:02:00{%.0,0419293 0:05:00( -0,0336735 0:08:00( 0,0047960 0:11:00[ 0,0757964 0:14:00( -0,2381751
0:02:04{ 0,0473421 0:05:04| -0,0400964 0:08:04( 0,0232995 0:11:04| 0,0586385 0:14:04( -0,2251855
0:02:08| 0,0510843 0:05:08| -0,0520920 0:08:08| 0,0427899 0:11:08( 0,0396681 0:14:08( -0,2133392)
0:02:12 0,0548265 0:05:12| -0,0640876 0:08:12 0,0622802 0:11:12[ 0,0206977 0:14:12( -0,2014929
0:02:16 0,0646130 0:05:16( -0,0725483 0:08:16 0,0766287 0:11:16[ 0,0124481 0:14:16( -0,1958499
0:02:20( 0,0804441 0:05:20( -0,0798307 0:08:20 0,0892631 0:11:20[ 0,0077721 0:14:20( -0,1964104
0:02:24( 0,0962751 0:05:24( -0,0871130 0:08:24 0,1018976 0:11:24 0,0030961 0:14:24( -0,1969709
0:02:28( 0,1134425 0:05:28( -0,0969633 0:08:28 0,1087891 0:11:28[ -0,0058780 0:14:28( -0,1893724
0:02:32| 0,1306099 0:05:32| -0,1068135 0:08:32[ 0,1156806 0:11:32[ -0,0148521 0:14:32( -0,1817739
0:02:36| 0,1488078 0:05:36| -0,1148453 0:08:36 0,1228718 0:11:36| -0,0266690 0:14:36( -0,1777509
0:02:40( 0,1680364 0:05:40( -0,1210587 0:08:40( 0,1303628 0:11:40( -0,0413288 0:14:40| -0,1773035

0:02:44( 0,1870955 0:05:44( -0,1272720 0:08:44( 0,1378537 0:11:44( -0,0559885 0:14:44( -0,1768560

0:02:48| 0,2056460 0:05:48( -0,1312115 0:08:48( 0,1583201 0:11:48| -0,0737981 0:14:48( -0,1774046

0:02:52| 0,2241965 0:05:52| -0,1351510 0:08:52 0,1787866 0:11:52( -0,0916077 0:14:52| -0,1779532

0:02:56| 0,2441530 0:05:56| -0,1384836 0:08:56( 0,1874674 0:11:56( -0,1070588 0:14:56( -0,1774283
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Time Signal Time Signal Time Signal Time Signal Time Signal

0:15:00{ 0,1645154 0:18:00{ 0,2729788 0:21:00( 0,0830836 0:24:00( 0,0997118 0:27:00f 0,0165834

0:15:04| 0,1660924 0:18:04| 0,2838549 0:21:04 0,0783531 0:24:04 0,1036220 0:27:04 0,0175403

0:15:08| 0,1734007 0:18:08| 0,2901766 0:21:08( 0,0703089 0:24:08 0,1013410 0:27:08 0,0172188

0:15:12] -0,1596363 0:18:12] 0,2964983 0:21:12 0,0622648 0:24:12 0,0990599 0:27:12 0,0168973

0:15:16] -0,1523280 0:18:16] 0,3063513 0:21:16| 0,0555795 0:24:16( 0,1002245 0:27:16 0,0178401

0:15:20] -0,1450197 0:18:20| 0,3197356 0:21:20{ 0,0502529 0:24:20( 0,1048348 0:27:20 0,0192044

0:15:24| -0,1377114 0:18:24| 0,3331199 0:21:24( 0,0449264 0:24:24( 0,1094452 0:27:24 0,0205687

0:15:28! -0,1287999 0:18:28] 0,3244661 0:21:28] 0,0462295 0:24:28] 0,1159528 0:27:28] 0,0122493

15:32( -0,1198883 0:18:32| 0,3158123 0:21:32( 0,0475327 0:24:32( 0,1224605 0:27:32( ,0,0049299

15:36( -0,1111688 0:18:36 0,3167001 0:21:36 0,0488359 0:24:36 0,1286361 0:27:36\._0,0042754

15:40( -0,1026413 0:18:40{ 0,3271296 0:21:40( 0,0501390 0:24:40( 0,1344796 0:27:46( 0,0072859

15:44( -0,0941138 0:18:44( 0,3375591 0:21:44( 0,0514422 0:24:44( 0,1403232 0:27:44( 0,0132964

15:48( -0,0753384 0:18:48| 0,3411057 0:21:48( 0,0561602 0:24:48( 0,1376008 0:27:48( 0,02Q0636

15:52( -0,0565631 0:18:52| 0,3446522 0:21:52| 0,0608781 0:24:52( 0,1348784 0:27:52( 0,0218307

15:56( -0,0387621 0:18:56| 0,3470492 0:21:56( 0,0648945 0:24:56( 0;1315047 0:27:56( 0,0415406

16:00( -0,0212860 0:19:00{ 0,3490630 0:22:00( 0,0682093 0:25:00( '0,1274796 0:28:00f 0,0611931

16:04( -0,0040864 0:19:04 0,3511532 0:22:04( 0,0715903 0:25:04| 0,1233684 0:28:04( 0,0749882

16:08| 0,0117079 0:19:08| 0,3451920 0:22:08 0,0722888 0:25:08 0,1155644 0:28:08 0,0909759

16:12| 0,0275021 0:19:12| 0,3392308 0:22:12 0,0729874 0:25:12 0,1077604 0:28:12 0,1039636

16:16] 0,0405282 0:19:16] 0,3301740 0:22:16 0,0739417 0:25:16 0,0981181 0:28:16 0,1091298

16:20| 0,0507862 0:19:20| 0,3180217 0:22:20 0,0751518 0:25:20 0,0866373 0:28:20 0,1094745

16:24| 0,0610442 0:19:24( 0,3058694 0:22:24( '0,0763619 0:25:24 0,0751565 0:28:24( 0,1098192

16:28| 0,0613031 0:19:28( 0,2885236 0:22:28( 0,0755508 0:25:28 0,0773290 0:28:28( 0,1132451

16:32| 0,0615620 0:19:32 0,2711778 0:22:32 0,0747397 0:25:32 0,0795015 0:28:32 0,1166709

16:36] 0,0649664 0:19:36 0,2579013 0:22:36 0,0739286 0:25:36 0,0773786 0:28:36 0,1180976

16:40| 0,0715161 0:19:40( 0,24869441 0:22:40( 0,0731176 0:25:40( 0,0709605 0:28:40( 0,1085251

16:44| 0,0780658 0:19:44( 0,2394869 0:22:44( 0,0723065 0:25:44( 0,0645423 0:28:44( 0,1019527

16:48| 0,0886379 0:19:48{ 0,2287687 0:22:48( 0,0666140 0:25:48( 0,0541487 0:28:48( 0,0953803

16:52| 0,0992099 0:19:521 0,2180505 0:22:52( 0,0609215 0:25:52( 0,0437552 0:28:52( 0,0888078

16:56| 0,1080689 0319:56| 0,2048298 0:22:56 0,0604718 0:25:56( 0,0340867 0:28:56( 0,0806155

17:00| 0,1152150 0:20:00| 0,1891067 0:23:00{ 0,0652646 0:26:00( 0,0251432 0:29:00( 0,0718832

17:04| 0,1224721 0:20:04] 0,1733455 0:23:04 0,0697410 0:26:04 0,0159928 0:29:04 0,0629884

17:08| 0,1359847 0:20:08| 0,1553957 0:23:08 0,0680413 0:26:08 0,0219538 0:29:08( 0,05¢6129

clololololololololololololo|o|o|Q|9|0|0[0[0[0[0|0 |9

17:12]" 0,1494973 0:20:12| 0,1374459 0:23:12 0,0663415 0:26:12 0,0279148 0:29:12 0,0502374

0Nz 16| 0,1576514 0:20:16] 0,1237768 0:23:16( 0,0655223 0:26:16 0,0355165 0:29:16( 0,0424250

0:17:20] 0,1604470 0:20:20| 0,1143886 0:23:20( 0,0655836 0:26:20( 0,0447590 0:29:20( 0,0331757

0:17:24| 0,1632427 0:20:24| 0,1050003 0:23:24( 0,0656449 0:26:24( 0,0540015 0:29:24( 0,0239264

0:17:28 0,1719065 0:20:28| 0,1037216 0:23:28( 0,0648684 0:26:28( 0,0494099 0:29:28( 0,0209690

0:17:32| 0,1805704 0:20:32| 0,1024429 0:23:32 0,0640918 0:26:32( 0,0448182 0:29:32 0,0180115

0:17:36| 0,1926406 0:20:36 0,1018853 0:23:36 0,0649221 0:26:36( 0,0388467 0:29:36( 0,0157773

0:17:40{ 0,2081172 0:20:40{ 0,1020487 0:23:40( 0,0673592 0:26:40( 0,0314953 0:29:40( 0,0142663

0:17:44| 0,2235937 0:20:44( 0,1022121 0:23:44( 0,0697963 0:26:44( 0,0241439 0:29:44( 0,0127553

0:17:48| 0,2368899 0:20:48| 0,0974300 0:23:48( 0,0796033 0:26:48( 0,0200854 0:29:48| 0,0137651

0:17:52| 0,2501860 0:20:52| 0,0926479 0:23:52( 0,0894104 0:26:52( 0,0160268 0:29:52( 0,0147749

0:17:56| 0,2622157 0:20:56| 0,0878657 0:23:56( 0,0961132 0:26:56 0,0156812 0:29:56( 0,0157847
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Time Signal Time Signal Time Signal Time Signal Time Signal
0:30:00{ -0,3235509 0:33:00{ 0,1020752 0:36:00] 0,0098738 0:39:00] 0,1478816 0:42:00[ -0,0483975
0:30:04| -0,3227125 0:33:04| 0,1000139 0:36:04 0,0146217 0:39:04( 0,1486243 0:42:04( -0,0416087
0:30:08| -0,3235977 0:33:08| 0,0930647 0:36:08 0,0130211 0:39:08 0,1545156 0:42:08( -0,0314866
0:30:12| 0,0158625 0:33:12| 0,0861155 0:36:12[ 0,0114204 0:39:12 0,1604070 0:42:12( -0,0213644
0:30:16] 0,0124333 0:33:16| 0,0802352 0:36:16 0,0127072 0:39:16 0,1631321 0:42:16( -0,0142738
0:30:20| 0,0064601 0:33:20| 0,0754239 0:36:20[ 0,0149563 0:39:20 0,1648019 0:42:20( -0,0081937
0:30:24| 0,0004868 0:33:24 0,0706125 0:36:24( 0,0166179 0:39:24( 0,1633744 0:42:24( -0,0024866
0:30:28| -0.0000640 0:33:28| 00739389 0:36:28| 0,0165164 0:39:28| 0,1588496 0:42:28| 00021020
0430:32| -0,0006148 0:33:32 0,0772653 0:36:32| 0,0164150 0:39:32| 0,1543249 0:42:32| ,0,0046905
0430:36| 0,0013489 0:33:36| 0,0783345 0:36:36] 0,0142120 0:39:36] 0,1475424 0:42:36\._0,0126275
0430:40 0,0058271 0:33:40{ 0,0771465 0:36:40 0,0113085 0:39:40] 0,1400073 0:42:40 0,0190139
0430:44( 0,0110780 0:33:44( 0,0759586 0:36:44| 0,0069194 0:39:44| 0,1328217 0:42:44] 0,02¢41112
0430:48| 0,0186472 0:33:48| 0,0783646 0:36:48| -0,0019263 0:39:48( 0,1259858 0:42:48( 0,0333410
0430:52 0,0262164 0:33:52| 0,0807707 0:36:52| -0,0107721 0:39:52( 0,1191499 0:42:52( 0,0445709
0430:56 0,0326313 0:33:56| 0,0787945 0:36:56| -0,0180858 0:39:56( 0;1071064 0:42:56( 0,05(6149
0431:00{ 0,0378917 0:34:00 0,0724362 0:37:00] -0,0248888 0:40:00( '0,0933272 0:43:00 0,0595971
0:431:04 0,0435241 0:34:04| 0,0656890 0:37:04( -0,0297525 0:40:04] 0,0876670 0:43:04| 0,06(Q3611
031:08| 0,0536492 0:34:08| 0,0664554 0:37:08 -0,0294951 0:40:08( 0,0897383 0:43:08| 0,0694721
0B1:12| 0,0637742 0:34:12| 0,0672218 0:37:12| -0,0292377 0:40:12( 0,0918097 0:43:12( 0,07Q5830
0B1:16| 0,0750282 0:34:16| 0,0638580 0:37:16( -0,0352404 0:40:16( 0,0974530 0:43:16| 0,07¢2071
0:31:20[ 0,0874109 0:34:20{ 0,0563640 0:37:20( -0,0433297 0:40:20( 0,1042870 0:43:20( 0,0830022
031:24| 0,0997937 0:34:24( 0,0488700 0:37:24] -0,0475031 0:40:24| 0,1050761 0:43:24( 0,0874972
031:28| 0,1095304 0:34:28( 0,0359305 0:37:28( -0,0399286 0:40:28( 0,0998204 0:43:28( 0,0930920
01:32[ 0,1192671 0:34:32( 0,0229909 0:37:32| -0,0323542 0:40:32( 0,0945648 0:43:32 0,0946867
031:36 0,1281305 0:34:36( 0,0120478 0:37:36| -0,0240241 0:40:36( 0,0834769 0:43:36 0,1034091
0131:40{ 0,1361206 0:34:40( 0,0031012 0:37:40( -0,0154420 0:40:40( 0,0704450 0:43:40( 0,1085073
0:81:44( 0,1441107 0:34:44( -0,0058455 0:37:44 -0,0025843 0:40:44( 0,0570744 0:43:44| 0,1140901
0:31:48| 0,1459690 0:34:48( -0,0072272 0:37:48( 0,0231005 0:40:48( 0,0426875 0:43:48( 0,11841268
0B1:52| 0,1478273 0:34.52{ -0,0086089 0:37:52 0,0487853 0:40:52 0,0283007 0:43:52 0,1231635
031:56| 0,1496855 0:34:56| -0,0089222 0:37:56 0,0669500 0:40:56 0,0178316 0:43:56 0,1159416
0132:00| 0,1515438 0:35:00| -0,0081670 0:38:00( 0,0851147 0:41:00 0,0086684 0:44:00( 0,1097198
0132:04| 0,1530457 0:35:04| -0,0072158 0:38:04 0,1030325 0:41:04( -0,0002508 0:44:04( 0,1033650
032:08| 0,1545475 0:35:08| -0,0065830 0:38:08 0,1200084 0:41:08( -0,0077077 0:44:08 0,0914886
082:12 0,1560494 0:35:12| -0,0059503 0:38:12 0,1369843 0:41:12[ -0,0151645 0:44:12 0,0806122
032:16( 0,1550946 0:35:16| -0,0053175 0:38:16 0,1395431 0:41:16( -0,0210703 0:44:16 0,0736406
0:32:20| 0,1516831 0:35:20| -0,0104282 0:38:20 0,1372963 0:41:20( -0,0264590 0:44:20 0,0656372
0:32:24| 0,1482716 0:35:24| -0,0155389 0:38:24( 0,1350495 0:41:24| -0,0308601 0:44:24( 0,0600138
0:32:28| 0,1399634 0:35:28| -0,0166816 0:38:28| 0,1328027 0:41:28| -0,0322983 0:44:28| 0,0585300
0:32:32 0,1316553 0:35:32| -0,0178243 0:38:32| 0,1305559 0:41:32| -0,0337364 0:44:32| 0,0570463
0:32:36 0,1262331 0:35:36( -0,0167791 0:38:36| 0,1315570 0:41:36| -0,0435560 0:44:36| 0,0532056
0:32:40( 0,1236969 0:35:40( -0,0150046 0:38:40] 0,1336407 0:41:40] -0,0561694 0:44:40] 0,0485793
0:32:44( 0,1211607 0:35:44( -0,0125670 0:38:44| 0,1366237 0:41:44| -0,0648535 0:44:44| 0,0443126
0:32:48 0,1139572 0:35:48| -0,0081399 0:38:48| 0,1423047 0:41:48| -0,0617499 0:44:48| 0,0411248
0:32:52 0,1067537 0:35:52| -0,0037128 0:38:52| 0,1479857 0:41:52| -0,0586462 0:44:52| 0,0379370
0:32:56 0,1027930 0:35:56| 0,0027424 0:38:56| 0,1487526 0:41:56| -0,0538105 0:44:56| 0,0306391
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- 54 — IEC TS 62933-2-2:2022 © |[EC 2022

Time Signal Time Signal Time Signal Time Signal Time Signal

0:45:00( 0,3623166 0:48:00( 0,0547805 0:51:00( -0,1525638 0:54:00{ 0,0656385 0:57:00( 0,3345737

0:45:04 0,3550369 0:48:04 0,0450814 0:51:04] -0,1683968 0:54:04| 0,0610579 0:57:04| 0,3226043

0:45:08 0,3515644 0:48:08 0,0441539 0:51:08] -0,1770087 0:54:08| 0,0619532 0:57:08| 0,3028670

0:45:12 0,0077466 0:48:12 0,0432264 0:51:12] -0,1856207 0:54:12| 0,0628485 0:57:12| 0,2831298

0:45:16 0,0036201 0:48:16] 0,0411542 0:51:16] -0,1900235 0:54:16] 0,0664671 0:57:16] 0,2625821

0:45:20( -0,0007243 0:48:20| 0,0379374 0:51:20] -0,1902171 0:54:20| 0,0728089 0:57:20| 0,2417643

0:45:24( -0,0043704 0:48:24| 0,0347205 0:51:24| -0,1904107 0:54:24| 0,0791508 0:57:24( 0,2255449

0:45:28] -0,0059215 0:48:28] 0,0315037 0:51:28] -0,1929583 0:54:28] 0,0913576 0:57:28! 02139238

15:32| -0,0074726 0:48:32| 0,0282868 0:51:32| -0,1955059 0:54:32 0,1035643 0:57:32( ,0,2043027

15:36| -0,0097536 0:48:36| 0,0237527 0:51:36| -0,1963469 0:54:36 0,1176017 0:57:36[\._0,1846893

15:40| -0,0127643 0:48:40{ 0,0179014 0:51:40{ -0,1954812 0:54:40{ 0,1322492 0:57:40{ 0,1604118

15:44| -0,0157751 0:48:44( 0,0120501 0:51:44| -0,1946156 0:54:44( 0,1468967 0:67:44( 0,1402298

15:48| -0,0150136 0:48:48| 0,0162942 0:51:48| -0,1914502 0:54:48| 0,1573018 0:57:48( 0,1263342

15:52| -0,0142521 0:48:52| 0,0205383 0:51:52| -0,1882848 0:54:52| 0,1677068 0:57:52 0,1134386

15:56| -0,0163495 0:48:56| 0,0216419 0:51:56| -0,1801337 0:54:56| 0;1755349 0:57:56( 0,1043440

16:00| -0,0213059 0:49:00{ 0,0196051 0:52:00| -0,1669968 0:55:00( '0,1807862 0:58:00( 0,0942494

16:04| -0,0261138 0:49:04| 0,0173462 0:52:04| -0,1535270 0:55:04| 0,1856594 0:58:04| 0,0817820

16:08| -0,0319213 0:49:08| 0,0081507 0:52:08| -0,1295883 0:55:08| 0,1930418 0:58:08| 0,0699416

16:12| -0,0377289 0:49:12| -0,0010449 0:52:12| -0,1056498 0:55:12| 0,2004241 0:58:12| 0,0581013

16:16| -0,0400197 0:49:16( -0,0040738 0:52:16| -0,0867568 0:55:16| 0,2117544 0:58:16| 0,0465207

16:20| -0,0387938 0:49:20( -0,0050472 0:52:20| -0,0695438 0:55:20| 0,2270328 0:58:20| 0,0340268

16:24| -0,0375679 0:49:24( -0,0060206 0:52:24| -0,0523317 0:55:24| 0,2423112 0:58:24| 0,0249861

16:28| -0,0259676 0:49:28( -0,0061958 0:52:i28( -0,0329199 0:55:28| 0,2583776 0:58:28| 0,0193053

16:32| -0,0143674 0:49:32( -0,0063711 0:62:32( -0,0135080 0:55:32( 0,2744439 0:58:32| 0,0136244

16:36| -0,0021463 0:49:36( -0,0061463 0:52:36 0,0008899 0:55:36( 0,2859425 0:58:36| 0,0041966

16:40| 0,0106957 0:49:40( -0,0055215 0:52:40( 0,0102737 0:55:40| 0,2959185 0:58:40| -0,0064803

16:44( 0,0235377 0:49:44( -0,0048967 0:52:44 0,0196575 0:55:44| 0,3040516 0:58:44| -0,0194283

16:48( 0,0381626 0:49:48{ -0,0061439 0:52:48( 0,0307390 0:55:48| 0,3066558 0:58:48| -0,0391901

16:52 0,0527875 0:49:52{ -0,0073911 0:52:52( 0,0418205 0:55:52| 0,3092602 0:58:52| -0,05§9518

16:56( 0,0632151 0:49:56( -0,0133823 0:52:56( 0,0517329 0:55:56| 0,3140807 0:58:56| -0,07Q8777

17:00( 0,0694452 0:50:00{ -0,0241175 0:53:00( 0,0612423 0:56:00| 0,3196401 0:59:00| -0,0801917

17:04 0,0754061 0:50:04( -0,0346345 0:53:04 0,0707013 0:56:04| 0,3241292 0:59:04| -0,0848202

17:08( 0,0746553 0:50:08( -0,0422121 0:53:08 0,0825534 0:56:08| 0,3251758 0:59:08| -0,0990178

Qlololelolololo|lolololojlo|ololo|lolQlo]jlo[o|lo[o]|0 |9 |9

A7:12" 0,0739045 0:50:12( -0,0497896 0:53:12 0,0944056 0:56:12| 0,3262224 0:59:12| -0,0942154

0p7 16l 0,0743218 0:50:16( -0,0579976 0:53:16 0,1000599 0:56:16| 0,3288104 0:59:16| -0,0930800

0:47:20f 0,0759074 0:50:20( -0,0668361 0:53:20( 0,0995164 0:56:20{ 0,3319122 0:59:20( -0,0935004

0:47:24( 0,0774930 0:50:24 -0,0756746 0:53:24( 0,0989729 0:56:24( 0,3367561 0:59:24( -0,0960084

0:47:28( 0,0816356 0:50:28( -0,0782347 0:53:28( 0,0972965 0:56:28| 0,3468268 0:59:28( -0,1047795

0:47:32 0,0857782 0:50:32( -0,0807948 0:53:32 0,0922216 0:56:32| 0,3568975 0:59:32( -0,1135506

0:47:36f 0,0860331 0:50:36( -0,0855537 0:53:36( 0,0892716 0:56:36| 0,3597445 0:59:36( -0,1200643

0:47:40[ 0,0824001 0:50:40( -0,0925115 0:53:40( 0,0884465 0:56:40{ 0,3601837 0:59:40( -0,1258256

0:47:44| 0,0787672 0:50:44( -0,0994693 0:53:44( 0,0876213 0:56:44( 0,3595690 0:59:44( -0,1314093

0:47:48 0,0751343 0:50:48( -0,1114327 0:53:48( 0,0817517 0:56:48| 0,3557929 0:59:48| -0,1364604

0:47:52 0,0715013 0:50:52( -0,1233960 0:53:52 0,0758821 0:56:52| 0,3520168 0:59:52| -0,1415115

0:47:56 0,0647167 0:50:56( -0,1371064 0:53:56 0,0705111 0:56:56| 0,3440017 0:59:56| -0,1568204
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