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INTERNATIONAL ELECTROTECHNICAL COMMISSION

UTILITY-INTERCONNECTED PHOTOVOLTAIC INVERTERS -
TEST PROCEDURE FOR UNDER VOLTAGE
RIDE-THROUGH MEASUREMENTS

FOREWORD

C 2020

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization cgmprising

all national electrotechnical committees (IEC National Committees). The object of IEC s |to

promote

intermpational co-operation on all questions concerning standardization in the electrical and electronic fljelds. To

this ¢nd and in addition to other activities, IEC publishes International Standards, Technical’Speci
Techhical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred to

ications,
as “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National)Committee irjterested
in the subject dealt with may participate in this preparatory work. International;' governmental gnd non-

govefnmental organizations liaising with the IEC also participate in this preparationi.lEC collaborate

5 closely

with |the International Organization for Standardization (ISO) in accordance with conditions determined by

agreg¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as,nearly as possible, an inte
consgensus of opinion on the relevant subjects since each technical ,committee has representation
interg¢sted IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC
Committees in that sense. While all reasonable efforts are madeto ensure that the technical conter

assepsment services and, in some areas, aceess to |IEC marks of conformity. IEC is not responsiblg
servites carried out by independent certification bodies.

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

No lipbility shall attach to IEC or/its\directors, employees, servants or agents including individual exp
mempers of its technical committee’s and IEC National Committees for any personal injury, property dg
othel damage of any naturehwhatsoever, whether direct or indirect, or for costs (including legal fé
expehses arising out of ghe€“publication, use of, or reliance upon, this IEC Publication or any o
Publications.

rnational
from all

National
t of IEC
for any

lications
ergence
icated in

nformity

for any

erts and
mage or
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ations is
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aif task of IEC tech

Specification when

chnical

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62910, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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This second edition cancels and replaces the first edition issued in 2015, and constitutes a
technical revision.

It remains a TS because it is limited to providing recommended practices for UVRT testing in

the context of non-uniform grid-codes

development of test technology in recent years.

lacking international

consensus, and the rapid

The main technical changes with regard to the previous edition are as follows:

Clause Previous edition Present edition
the voltage support of EUT in accordance with the K-factor is to be supplied by the EUT
3 1 12 tho valinao drance Thao K fantar 1o o ha manifacturor maoaotina additianal raairom ']tS
s I P g A
specified by the EUT manufacturer imposed by national standards and/or lacal codes
: Back to Back circuit . Back to Back cir¢uit X
A -+ 4+ 2 4 . A : - <j :
—O——" 4 M. | —O——" [——
B . . B : .
) _@ M4 A _® ML == ML
Figure p = . N > : :
5 - My M| g A Ny ¥
. A R E : :
Grid [ | Grd ¢ (L[
. (optional) . (optional)
The test circuit essentially comprises a voltage The test circuit essentially comprises a volfage
4.3.4 source with a low internal resistance combined source with a low internal resistance comb{ned
with broadband amplifiers...... optionally with broadband amplifiers......
d The test should be carried out under specified | d The test should be carried out under spegified
Table 3 K-factor provided by local manufacture. K-factor provided by manufacture meeting
1 additional requirements imposed by nationgl
standards and/or local codes.
§ o A d ol A7
Figure 1 g 0:4: May cut of from the gfid g zi: May cut offfrom the gfid
to ty t, t; t bt t, ts t
Time (s) Time (s)
NOTE The example shows two types of points | The example shows three types of points on the
52 on the UVRT curve: the lowest point and the UVRT curve: the highest point, the lowest point
' inflection point. Tests must be carried out at and the inflection point. Tests shall be carrjed out
both types of points at above types of points.
Prior to the fault simulation tests, the EUT Prior to the fault simulation tests, the EUT should
should run in normal operating mode. The run in normal operating mode. The selected
5.3.1 selected UVRT curve should be used to identify | UVRT curve should be used to identify voltage
voltage drop points, including the lowest point drop points, including the highest point, the
and the inflection point, ...... lowest point and the inflection point, ......
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The text of this Technical Specificationis based on the following documents:

Draft TS Report on voting
82/1607/DTS 82/1640A/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in

the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The copmittee has decided that the contents of this doct ntil the
stability date indicated on the IEC website under "http://web ted to
the spdcific document. At this date, the document will be
e recopnfirmed,
e withdrawn,
o replaced by a revised edition, or
e amended.
IMPORTANT - The 'colour inside' logo on the cover-page of this publication indicates

that
under
colou

it contains colours which are consideredvto be useful for the correct
standing of its contents. Users should therefore print this document using a
r printer.
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1 Sc

UTILITY-INTERCONNECTED PHOTOVOLTAIC INVERTERS -
TEST PROCEDURE FOR UNDER VOLTAGE
RIDE-THROUGH MEASUREMENTS

ope

This document provides a test procedure for evaluating the performance of Under Voltage
Ride-Through (UVRT) functions in_inverters used in utility-interconnected Photovoltaic (PV)

system

This dg
high va
for low

S.

cument is most applicable to large systems where PV inverters are connected t
Itage (HV) distribution systems. However, the applicable procedures may also b
voltage (LV) installations in locations where evolving UVRT requirefments inclugd

installations, e.g. single-phase or 3-phase systems.

The as
mode

factory
behavs

The m
UVRT
other s

This dq
useful
single
numeri

2 No

The fo
conten
cited a
any am

IEC TS

sessed UVRT performance is valid only for the specific configuration and ope
pf the inverter under test. Separate assessment is required for the inverter i
or user-settable configurations, as these may cause the inverter UVRT respq
differently.

pasurement procedures are designed to be as)non-site-specific as possible,
characteristics measured at one test site, forlexample, can also be considered
tes.

cument is for testing of PV inverters, though it contains information that may
or testing of a complete PV power plant consisting of multiple inverters connect

b utility
e used
e such

ational
h other
nse to

50 that
alid at

hlso be
ed at a

point to the utility grid. It further_provides a basis for utility-interconnected PV inverter

cal simulation and model validation.

rmative references

lowing documents.are referred to in the text in such a way that some or all

constitutes reguirements of this document. For dated references, only the
pplies. For undated references, the latest edition of the referenced document (in
endments)applies.

61836, Solar photovoltaic energy systems — Terms, definitions and symbols

bf their
edition
cluding

3 Te

rms, definitions, symbols and abbreviated terms

3.1 Terms, definitions and symbols

For the purposes of this document, the terms and definitions in IEC TS 61836 and the
following apply.

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
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3.1.1

drop depth

magnitude of voltage drop during a fault or simulated fault, as a percentage of the nominal
supply voltage

3.1.2

double drop

sudden decline of the nominal voltage to a value below 90 % of the voltage of point of
common coupling (PCC), followed after a short time by a voltage recovery, which happens
twice

Note 1 to entry: Voltage changes which do not reduce the voltage to below 90 % of the voltage of PCC are not
considergd to be voltage drops.

3.1.3
equipment under test
EUT
equipment on which these tests are performed and refers to the utilityrinterconnecfed PV
invertef. During test period, EUT is connected with PV simulator instead)of real PV modules
on the direct current (DC) side, while alternating current (AC) side is cennected with grid

3.1.4
Iq
output reactive current of EUT

3.1.5
under yoltage ride through
UVRT
capability of an inverter to continue generating’power to connected loads during a |limited
duratiop loss or drop of grid voltage

3.1.6
maximum power point tracking
MPPT
control|strategy of operation at-hiaximum power point or nearby

3.1.7

Neut , .
access|point of the EUD during the test

3.1.8
Py
rated ppwer of EUT

3.1.9

point of common coupling

PCC

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

Note 1 to entry: These loads can be either devices, equipment or system, or distinct customer’s installations.

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

[SOURCE: IEC 60050-161:1990, 161-07-15]
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3.1.10

proportionality constant K

K-factor

the K-factor is to be supplied by the EUT manufacturer meeting additional requirements
imposed by national standards and/or local codes

3.1.11
PV array simulator
simulator that has |-V characteristics equivalent to a PV array

3.1.12

Seut —
appareht short-circuit power at Vgt

SeuT =lse X Uns I refer to short-circuit current at Ng 7 during the no-load test

3.1.13
single |[drop
sudder] decline of the nominal voltage to a value below 90 % of the voltage of PCC, followed
after ajshort time by a voltage recovery, which happens once

Note 1 t¢ entry: Voltage changes which do not reduce the voltage to below 90 % of the voltage of PCQ are not
considerpd to be voltage drops.

3.1.14
Zgrid
grid shprt-circuit impedance value of the main point(MP) 1 (see Figure 1)

3.1.15
Z

1
impedgnce value between the fault point and PCC

3.1.16
Zy
impeddgnce value between the fault point and EUT

3.2 Abbreviated terms
AC alternating carrent
A/D analog toxdigital
DC directcurrent
EUT equipment under test
HV high voltage

LV low voltage

MV middle voltage

PV photovoltaic

RMS  root mean square

UVRT under voltage ride through
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4 Test circuit and equipment

4.1 General

The circuits and equipment described in this clause are developed to allow tests that simulate

the full

range of anticipated grid faults, including:

e Single phase to ground fault (any phase).

e Two phase isolated fault, between any two phases.

e Two phase grounded fault, involving any two phases.

e Three Inhncn short-circuit fault

A full Jiiscussion of these faults and the resulting impact on voltage magnitude.land

angles

The sh
examp

is included in Annex A.

ort circuit emulator and grid simulator described in 4.3.3 and 4.34 are info
es and are not intended to restrict design flexibility. Other designs may be

achieve equivalent test functionality.

4.2
The U\

Test circuit

RT test circuit includes a DC source, the EUT, a gridfault simulator and the grig

simulafor (or PV array) provides input energy for the EUT{ The output of the EUT is con

to the

NOTE
at the H
transforn

4.3
4.3.1

rid via a grid fault simulator, as shown in Figure.
Zgri MP1 — MPRN_-75<=~ MP3 -
Grld fault o | Lo EUT PV simulator
T simulator T N T or PV array

Transformer

Usiia (optional)

IEC

MP1 is the measurement point between the grid and the grid fault simulator; MP2 is the measurem
igh voltage side of the transformer; MP3 is the measurement point at the low voltage sid
her.

Figure 1 — Testing circuit diagram

Test equipment

Measuring instruments

phase

mative
sed to

APV
nected

nt point
of the

N

Wavefq

rms” shall be measured by a device with memory function, for example, a sto

age or

digital oscilloscope, or a high speed data acquisition device. Accuracy of the oscilloscope or
data acquisition system should be at least 0,2 % of full scale. The analogue to A/D of the
measurement device shall have at least 12 bit resolution (in order to maintain the required
measurement accuracy).

Voltage transformers and current transformers are the required sensors for measurement.
The accuracy of the transducers should be 0,5 % of full scale or better. It is necessary to
select the transducer measuring range depending on the normal value of the signal to be
measured. The selected measuring range shall not exceed 150 % of the normal value of the
measured signal. The transducer accuracy requirements are shown in Table 1.
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4.3.2

Table 1 — Accuracy of measurements

Measurement device Accuracy

Data acquisition device 0,2 % full scale
Voltage transformer 0,5 % full scale
Current transformer 0,5 % full scale

DC source

A PV array, PV array simulator or controlled DC source with PV characteristics may be used

as the
the DC
power

The P
array f
longer

For a H
of the K

The eq
low as

DC power source to supply input energy for the UVRT test. As the EUT input
power source shall be capable of supplying the EUT maximum input powef)an
evels during the test, at minimum and maximum input operating voltages of.the

simulator should emulate the current/voltage characteristic of the PV modulg
br which the EUT is designed. The response time of a PV simulator should
than the MPP tracking response time of EUT.

UT under test without galvanic isolation between the DC side and AC side, the
PV simulator shall not be earthed.

uivalent capacitance between the output of the PV simulator and earth shoulg
possible in order to minimize the impact on the /EUT.

A PV drray used as the EUT input source shall be capable of matching the EUT input

levels
solar ir

4.3.3

As par
drops q
ground

radiance is stable and does not vary more than 5 % during the test.

Short-circuit emulator

of the grid simulator device, the short-circuit emulator is used to create the
ue to short-circuits betwéen the two or three phases, or between one or two ph
via the impedance network Z, and Z, as shown in the test device layout in Figu

source,
d other
FUT.

or PV

not be

output

be as

power

specified by the test conditions. It is necessary to select a period of time in which the

Voltage
Ases to
re 2.
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Figure'2— Short-circuit emulator

The impedance Z, is used tq_limit the effect of the short circuit on the utility service that
powerg the test circuit. The ‘sizing of Z; shall therefore account for all test sequences to be
performped and limit the short-circuit current taken from the grid to values that do not cquse an
excessjve reduction of ‘the grid voltage. Considering an acceptable voltage reduction of at
most § % when petforming the test, the minimum value of Z; shall be at least 20 ik Z;,4,
where ¥q,iq is the-gtid short-circuit impedance measured at the test circuit connection goint.

To enspre thiat'the test is realistic, however, the apparent short-circuit power (Sg 1) available
at the EUT\eonnection node Nt should be at least equal to 3xPn, where Pn is the rated
power pfitHe EUT (minimum value Sg ;7 > 3 x Pn, recommended 5 X Pn < Sg ;7 < 6 X Pg). This
means during the short-circuit tests, the contribution of current through Z; and Z, from the
grid remains dominant compared to the current contributed by the EUT. In this way, the
inverter current does not create a significant voltage rise for the duration of the test relative to
the no-load drop.

The two conditions described above define the minimum and maximum limits of Z;. The two
conditions combined also define the limit criteria for the choice of a grid infrastructure suitable
for performing the test with the impedance circuit. If the grid infrastructure cannot meet above
requirements, an alternative test circuit utilizing a back-to-back converter is allowed, as
shown in Figure 2 may be added to reduce the grid short-circuit impedance Zg, 4.
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Generally, the X/R value of inductor Z; and Z, for the short-circuit emulator may close to the
transmission line impedance values for different countries and regions. It is also appropriate
that the inductive impedances Z; and Z, should be characterised by an X/R ratio equal to at
least 3, in order to reproduce the typical minimum values of X/R found in HV as well as MV

power lines.
NOTE 1 X: Equivalent impedance of inductor.
NOTE 2 R: Equivalent resistance of inductor.

A bypass connection (Switch §;) of Z; is usually used to prevent overheating of the

impedance Z, before and after the execution of each test sequence.
The voltage drop is created by connecting the impedance Z, by the switch S,. If the)yoltage
drop is|required to be created twice in a short period (for double drop tests), a parallelf switch
Sy" is nprmally used. The value of Z,/(Z4 + Z, + Zg,iq) shall be adjusted to the required yoltage
magnitudes. For example, when the required voltage magnitude is 50 % of the’rated Voltage,
the vallie of Z,/(Zy + Z, + Zg,q) Should be about 0,5.
The syitch S, shall be able to accurately control the time ketween connectign and
disconmection of Z, for single phase, two-phase or three-phase tests. If the phase of switch S,
cannot| be independently controlled, the serial switch B; may/be’ used to choose the fault
phase.|B, is used to select whether the fault is to earth or¢net. All switches may bg either
mechanical circuit breakers or power electronic devices.
The status of switch By and B, should be set before” performing the test. The status of
switchgs corresponding to fault types is shown in Table 2.
The tegt report shall specify the values of impedances Z; and Z,, the related X/R ratio, and a
description of the circuit used. In addition, the'grid short-circuit power available at the yoltage
level a{ which the test is performed shall. he documented.
The stgtus of switches and fault types:are shown in Table 2.
Table 2 — Fault type and switch status
Fault type Switch status
Phase A of B, Phase B of B, Phase C of B, B,
Pllase A to ground Closed Open Open Closgd
Pl-*ase B to ground Open Closed Open Closgd
Pllase C-to-ground Open Open Closed Closgd
Phas¢ A\and B to ground Closed Closed Open Closgd
Phase B and C to ground Open Closed Closed Closed
Phase C and A to ground Closed Open Closed Closed
Phase A and B Closed Closed Open Open
Phase B and C Open Closed Closed Open
Phase C and A Closed Open Closed Open
Phase A, B and C Closed Closed Closed ---
NOTE 1 During the period of voltage drop, S, should be opened first. S, should be closed after S, is opened.
The time interval between the above two actions shall be very short.
NOTE 2 During the period of voltage recovery, S, should be opened first. S; should be closed after S, is
opened. The time interval between the above two actions shall be very short.
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4.3.4 Converter based grid simulator

The test circuit mentioned in 4.3.3 is recommended for simulation of grid faults. However, if
the test conditions cannot be met, an alternative test circuit utilizing a back-to-back converter
is allowed, as shown in Figure 3.

The test circuit essentially comprises a voltage source with a low internal resistance
combined optionally with broadband amplifiers (linear or forced switching type) capable of
faithfully reproducing three sinusoidal voltages with controlled harmonic content, and
adjustable amplitude, fundamental frequency and phase relationship within broad margins.

When the converter is used, it shall meet the following requirements:

a) It shall be capable of independently controlling the three phases in terms of amplitif[de and
phgse angle.

b) It shall incorporate impedances Z,, Zg and Z, that can be adjusted in order'to regroduce
thelohmic and inductive components of short-circuit impedances that areypical of the grid.

c) It shall be capable of reproducing the phase voltages and relative phase angles thgt occur
on |the LV side of transformers in the event of each of 4h® various fault| types.
(See Annex A for the vector representations for each fault).

A
F0) |
H%}/
H@ Programmable %\
c voltage source %B’
) SV |
4(&
Zc
Grid Connect to AV
inverter
Converter device
IEC

Figure'3— Converter device example

If the programmable voltage source is a bi-directional, controlled output voltage type|and is
capabl¢ of replicating theitinfluence of short-circuit impedances typical of the grid, the
impedgnces Z,, Zg, Zz-may be omitted.

5 Tept

5.1 Test protocol

The UVRTtest pluiuuui ) u'cbigllcu' to vclify thattheEUF chpullulb appluplidiciy to /oltage
drops (due to grid faults). During the test, the EUT shall demonstrate that it can:

e Appropriately detect the simulated fault.

e Ride through the event and continue operation as specified in the applicable curves.

¢ Not suffer any damage from the event.

The required levels of active power and reactive power output during the voltage drop period
may differ depending on the country local codes. The response to the voltage drop specified
in Table 3 shall be recorded over the EUT operating period with two output power ranges:

a) between 0,1 P, and 0,3 P;
b) above 0,9 P,;

and with two fault conditions:
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c) three-phase drop;

15—

d) two-phase drop or single-phase drop.

The tests should be carried out at least twice at each test point listed in Table 3.

Table 3 — Test specification for UVRT (Indicative)

Drop times

Drop depth®

Drop phase®

EUT output conditions®

three-phase

Full load (above 0,9 P )

Part load (0,1 P, and 0,3 Pn)

Full load (above 0,9 P)

two=-phase
™

Part load (0,1 P, and 0,3 P)

A
1 Full load (above 0,9 P, )
Two-phase to ground
Part load (0,1 P, and 0,3P)
. Full load (above 0,9 R)
Single-phase to ground
Part load (0,1 P,@nd’0,3 P )
Full load (above.0,9 P)
three-phase
Part load (Q, 1 P and 0,3 Pn)
Full logd (above 0,9 P)
two-phase
PartJead (0,1 P, and 0,3 P)
Single drop
Fultload (above 0,9 P))
Two-phase to ground
Part load (0,1 P, and 0,3 P)
. Full load (above 0,9 P)
Single-phase to ground
Part load (0,1 P, and 0,3 Pn)
Full load (above 0,9 P)
three-phase
Part load (0,1 P, and 0,3 P)
Full load (above 0,9 P)
two=phase
A Part load (0,1 P, and 0,3 Pn)
n Full load (above 0,9 P,)
Two-phase to ground
Part load (0,1 P, and 0,3 P)
) Full load (above 0,9 P)
Single-phase to ground
Part load (0,1 P, and 0,3 Pn)
Full load (above 0,9 P)
three-phase
Part load (0,1 P, and 0,3 P)
Full load (above 0,9 P)
two-phase
A Part load (0,1 P, and 0,3 P)
1 Full load (above 0,9 P, )
Two-phase to ground
Part load (0,1 P, and 0,3 Pn)
) Full load (above 0,9 P)
Single-phase to ground
Part load (0,1 P, and 0,3 P)
Full load (above 0,9 P)
three-phase
Part load (0,1 P, and 0,3 Pn)
Double drop?
Full load (above 0,9 P)
two-phase
Part load (0,1 P, and 0,3 P)
Full load (above 0,9 P)
Two-phase to ground
Part load (0,1 P, and 0,3 Pn)
. Full load (above 0,9 P)
Single-phase to ground
Part load (0,1 P, and 0,3 P)
Full load (above 0,9 P)
three-phase
Part load (0,1 P, and 0,3 P )
A n n

two-phase

Full load (above 0,9 P)

Part load (0,1 P, and 0,3 Pn)
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Drop times Drop depth® Drop phase® EUT output conditionsd
Full load (above 0,9 P)

Part load (0,1 P, and 0,3 P)

Full load (above 0,9 P)

Part load (0,1 P, and 0,3 P)

2  Double drop test may be required in some countries or regions. For devices under test not being required for
double drop test, above testing points can be omitted.

Two-phase to ground

Single-phase to ground

b Drop depth is the residual voltage during the UVRT testing period which can be decided according to the
requirement specified by different countries or regions (See Annex B, Clause B.2 for drop depth ratio
calculation).

¢  Drop phase can be decided according to the requirement specified by different countries or regions; the
value of two-phase voltage should be line voltage.

4 The test should be carried out under specified K-factor provided by manufacturer meeting (additional
requirements imposed by national standards and/or local codes.

5.2 Test curve

The UYRT response characteristic shall meet the requirements of the UVRT curve specified
by diffgrent countries and regions as needed (see also Annex C). An_example UVRT durve is
shown |in Figure 4.

12—
11F
. ' LVRT
1) Keep connecting to the grid eurve
highest point
~ 0 e AN e ©
) | SRS S 3
o 04+ A 1 inflection point
8 0,1 > D inflection point i
o % ' !
S 04 : :
(] ' 1
(o)) ] I
S 04 i L
S ' ' May cut off from the gtid
> 1 !
01 ) :
1 ]
0,3 F--mmmmmmmmm R S inflection point i !
1 ]
03 | |
' Lowest point ] |
of i !
D | 1 1
fo t1 tQ t3 t4
Time (s)

IEC

Figure 4 — UVRT curve example

The example curve shows that the EUT should keep operating during operating conditions
indicated in the area above the UVRT curve. Specifically, the EUT should keep operating for
(z4-19) seconds without disconnecting from the grid when the interconnection voltage drops to
0 % of rated voltage; for (¢,-77) seconds when the voltage drops to 30 % of rated voltage; and
for (z3-t9) seconds when the voltage drops to 70 % of rated voltage. The EUT should
disconnect from the grid during operating conditions indicated within the shaded areas.

The example shows three types of points on the UVRT curve: the highest point, the lowest
point and the inflection point. Tests shall be carried out at above types of points.
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5.3 Test procedure

5.3.1

Pre-test

Prior to the fault simulation tests, the EUT should run in normal operating mode. The selected
UVRT curve should be used to identify voltage drop points, including the highest point, the
lowest point and the inflection point, as well as other random points in the curve. Selection of

the dro

5.3.2

p time should follow the requirement of the applicable country or region.

No-load test

Prior to the load test, adjust the fault emulator to simulate symmetrical and asymmetrical

+ 1 A i

voltag
This st
in Figu

5.3.3

The tol
of Figu

=i H 1 LT F'H Al |H £ thaot th Al Lt
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Figure 5 — Tolerance of voltage drop
Load test

Tests under load shall be carried out after the no-load test results successfully meet the
performance requirements. The parameters of the grid fault simulator should be consistent
with the no-load test.
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With the EUT connected to the grid fault simulator device and the PV simulator (or PV array),
the output power should be set to (0,1 ~ 0,3)P, and above 0,9P, separately. Additional load
tests at other power levels should be performed as determined by the specific country or
regional requirements.

During the UVRT test, MP1, MP2, and MP3 (shown in Figure 1) shall be selected as the test
points for measuring and recording the values of voltage and current.

The waveform and data of the measured voltage and current at the measuring points shall be
recorded by the data acquisition device from time A prior to the voltage drop to time B after
the subsequent voltage rise.

For 4 dnd B, specific data should be determined by different countries or regions.

6 Assessment criteria

The vafious assessment criteria are determined by the requirements of the different cquntries
or regipns. The characteristics and performance criteria for utilization-are shown in Apnex B,
and cah be referenced by a local user.
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Annex A
(informative)

Circuit faults and voltage drops

A.1 Fault types

The grid faults of high voltage power transmission line are commonly divided into four
different types: single-phase grounded fault, two-phase short circuit fault, two-phase
grounded fault, and three-phase short circuit fault. The most common one is the single-phase

groundet-fatttwhich-acecot g-forover96-9%o ots at
Considgring the different fault phases, the short circuit paths for all types of fault~are shown in
Table A.1.
Table A.1 — Short-circuit paths for different fault types
Type No. Short circuit type Equivalent diagram Mathematical formulae
PCC
lra Z Via
It 7 & Vio Via =0
Single-phase(A) short e\ 3
! ircuit ded fault I O™ Vi g # 0
circuit grounded fau e Z 3
N Ly = 1 =0
IEC
PEC
Ifa Zf Lfa
Iy 7 Vib Vip =0
2 Single-phase(B) short f ] 40
circuit grounded fault ke Z Vie fb
[fa = Ifc =0
EC
PCC
Ira Z Via
. I Z Vio Vie=10
3 Single-phase(C) short ’ f L #£0
circuit grounded fault I Ve [ fc
T
7 fig =1y, = 0
IEC
PCC
Ia Z Via
Iy Vi Vfa = Vfb #0
Two-phase(AB) short 4 _
4 ircuit isolated fault I Vic =0
circuit isolated fau [ Z
fig 1y, = 0
IEC
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Type No. Short circuit type Equivalent diagram Mathematical formulae
PCC
V
fra Z fa
Iy 5 Vo Vip = Vg 0
Two-phase(BC) short f _
S circuit isolated fault I tc fig=0
|___fc Z
Ly ¥ 1o =0
I
PCC
[ra Z Via
Ifb ffb Vfa a Vfc #0
Two-phase(CA) short — Zi a
6 ircuit isolated fault / Vie I =0
circuit isolated fau fe Z
[fa + Ifc =0
Ee.
PCC
ka Z fa
I — A () Via = Vi = 0
7 Two-phase(AB) short — D) ;=
circuit grounded fault Iy VA Vie fc
I, + I #0
P
PCC
ka Z fa
i L Vip = Vie =0
8 Two-phase(BC).short — 1 ;o=
circuit grounded,fault I Z Vie fa
Iy + I, #0
i
PCC
La Z fa
I A b Via = Vie =0
9 Two-phase(CA) short f | =0
circuit grounded fault L 2 Vie fb
' Ifa + Ifc #0
P
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Type No. Short circuit type Equivalent diagram Mathematical formulae
PCC
Ita Z Via
[fb 72 Vfb - — —
10 Three-phase short- g I Via = Vip = Vi =0
circuit fault e Z Ve L+ L+ I =0
IEC

NOTE1 V., V, and V. mean fault voltage of phase A, phase B and phase C at fault point separately.

NOTE 2 [, I, and I;. mean fault current of phase A, phase B and phase C at fault point separately.

NOTE Type No. 1,2,3,7,8 and 9 are not applicable for IT system. The IT power system has,all live parts
isolated from earth or one point connected to earth through an impedance, the exposed conductive part$ of the
electricpl installation being earthed independently or collectively or to the earthing of the system.

A.2 |oltage drops

A.2.1 General

When & fault occurs, the voltage amplitude in the faulted~phase should be decreased. WWhen a
fault ogcurs between two phases, the phase angle should be changed on inverter outplt side.
Due td the different types of line-transformer caonnections, the magnitude and phase of
invertef AC voltage will vary. Figure A.1 shows thé.eircuit topology under the fault condjtion.

PCC

I Fault point

B A

Zi

PV inverter

Figure A.1 — Grid fault diagram

As indicated in Table A.1, the value of fault phase voltage at the fault point is zero. (If the grid
fault type is two-phase short circuit fault without ground, the line voltage between two fault
phases should be zero.) Because PCC is the common connection point of the infinite grid, Z;,
between the fault point and PCC could be treated as infinite. The voltage drop amplitude and
phase deviation in PV inverter AC side have been determined by the value of Z, and type of
transformer.

The transformer T represents the voltage and phase transformation being equivalent to all the
transformers between the fault point and the PV inverter, because one or more transformers
are connected. The equivalent transformer T has only two types: Y/Y or Y/A. In order to
simplify the analysis, the transformer windings could be considered as one of two types,
Yn/Yn12 and A/Yn11, with a ratio of 1.

NOTE 1 In this test specification, the example circuit is a three-phase system with floating neutral point and no
electrical loads.
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NOTE 2 For other system types, the short circuit schematic diagram may be different from the example.

A.2.2

Three-phase short-circuit fault

Figure A.2 illustrates the change in inverter AC voltage magnitude and phase when a three-
phase short-circuit fault occurs:

Ua’

Uc’

(b)

Figure A.2 — Diagram of voltage vector for three-phase short-circuit fault

Figure [A.2a) shows the angle and phase state withh a Yn/Yn12 transformer conrection.
Figure [A.2b) shows the angle and phase state with*a A/Yn11 transformer connectign. The
corresgonding relationship between the fault phasesand the other two phases is shown in the
following Table A.2.

Table A.2 — Amplitude and phase changes in three-phase short-circuit faul{

Residdal voltage With the Yn/Yn12-transformer With the A/Yn11 transforme
of faylt phase Phase A Phase B Phase C Phase A Phase B Phgse C

% Am. Ph. An. Ph. Am. Ph. Am. Ph. Am. Ph. Am. Ph.
100 1 0 1 0 1 0 1 30 1 30 1 30
50 0,5 0 0,5 0 0,5 0 0,5 30 0,5 30 0,5 30
20 0,2 0 0,2 0 0,2 0 0,2 30 0,2 30 0,2 30
0 0 - 0 - 0 - 0 - 0 - 0 -

NOTE | Am. means’amplitude and Ph. means the initial phase.

A.2.3

Two-phase short-circuit fault with ground

There are three possible two-phase short-circuit earth faults, depending on the fault phases.
Taking the two-phase (BC) short circuit fault with ground for example, the change in inverter
AC voltage amplitudes and phases are shown below:


https://iecnorm.com/api/?name=46bc2bf72f902acf341338198b740329

IEC TS 62910:2020 © IEC 2020

- 23—

Ua’

Ub’

Uc’

/

(b)

Figure|A.3 — Diagram of voltage vector of two-phase (BC) short-circujit'\fault with ground

Figure
Figure

corresf
followin

Table A.3 — Amplitude and phase changes in two-phase (BC)

A.3a) shows the angle and phase state with a Yn/Yn12,transformer connection.
A.3b) shows the angle and phase state with a A/Yn11 transformer connectign. The
onding relationship between the faulted phases and the/other phases is showr] in the
g Table A.3.

Re

Sidual

voltage of fault

With the Yn/Yn12 transformer

With the A/Yn11 transformer

phase Phase A Phase B Phase C Phase A Phase B Phgse C
% Am. Ph. Am. Ph. Amy Ph. Am. Ph. Am. Ph. Am. Ph.
100 1 0 1 0 1 0 1 30 1 30 1 30
50 1 0 0,5 0 0,5 0 0,76 19 0,5 30 0,76 41
20 1 0 0,2 0 0,2 0 0,64 9 0,2 30 0,64 51
0 1 0 Q - 0 - 0,58 0 0 - 0,58 60
NOTE | Am. means amplitude and Ph. means the initial phase.

A.2.4

There
faulted
inverte

Two-phase short-circuit fault without ground

are thrge )possible two-phase short-circuit faults (without ground), depending [on the
phases: Taking the two-phase (BC) short circuit fault for example, the chgnge in
- AC\woltage amplitudes and phases are shown below:
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Figure A.4 — Diagram of voltage vector of two-phase (BC) short-circuit fault
Figure jA.4a) shows the angle and phase state with a Yn/Yn12 transformer connection.
Figure [A.4b) shows the angle and phase state with a A/Yn1fAransformer connectign. The
corresponding relationship between the faulted phases and the*other phases is showrn in the
following Table A.4.

Table A.4 — Amplitude and phase changes in two-phase (BC) short-circuit faylt
Redidual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of fault
pHase Phase A Phase B Phase C Phase A Phase B Phage C

% Am. | Ph. | Am. | Ph. [(Am. | Ph. Am. Ph. | Am. | Ph. Am. Ph.

100 1 0 1 0 1 0 1 30 1 30 1 30

50 1 0 0,66 419 | 0,66 | -19 0,9 16 0,5 30 0,9 44

O 1 0 0:58\1 41 0,53 | -41 0,87 7 0,2 30 0,87 53

0 1 0 0,5 60 0,5 -60 | 0,866 0 0 - 0,866 || 60

NOTE | Am. means amplitudesand Ph. means the initial phase.

A.2.5 Single-phase short-circuit fault with ground
There are three possible single-phase short-circuit faults to ground, depending on the [faulted
phase.|Taking the single-phase (A) short circuit fault for example, the change in invefter AC
voltage-amplitudes—and-phases—are-shown-bolow:
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Ua’

Uc’

ub’

v

¥

(b)

Figure A.5 — Diagram of voltage vector of single-phase (A) short-circuit'fault with
ground

Figure [A.5a) shows the angle and phase state with a Yn/Yn12,%ansformer connection.
Figure [A.5b) shows the angle and phase state with a A/Yn11 transformer connectign. The
corresponding relationship between the faulted phase and the other phases is showr| in the
following Table A.5.

Table A.5 — Amplitude and phase changes in single-phase (A)

Regidual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of fault
pHase Phase A Phase B Phase’C Phase A Phase B Phage C
/o Am. Ph. Am. Ph. Am. Ph. Am. Ph. Am. Ph. Am. Ph.
100 1 0 1 0 1 0 1 30 1 30 1 30
50 0,5 0 1 0 1 0 0,76 41 1 30 0,76 19
] 0,2 0 1 0 1 0 0,64 51 1 30 0,64 9
0 1 0 1 0 1 0 0,58 60 1 30 0,58 0

NOTE | Am. means amplitude and Ph. means the initial phase.
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