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The main task’ of 1EC technical committees is to prepare International Standards. In exce
circumistances, a technical committee may propose the publication of a Technical Specifi

Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien com
all pational electrotechnical committees (IEC National Committees). The object of IEC is to promeotesintern]

co-
ina

Pufjlicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Rublication(s)”)

pre
ma

with the IEC also participate in this preparation. IEC collaborates closely with the Inférnational Organiza

Sta

The formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an intern]
consensus of opinion on the relevant subjects since each technical committee has representation f
interested IEC National Committees.

IEQ Publications have the form of recommendations for international*use and are accepted by IEC N

Co

Puljlications is accurate, IEC cannot be held responsible fof the way in which they are used or

mis|

In

trarlsparently to the maximum extent possible in their national and regional publications. Any divergence b
any| IEC Publication and the corresponding national or(fegional publication shall be clearly indicated in th

IE] itself does not provide any attestation of conformity. Independent certification bodies provide con

ass
ser

Al

No
me
oth

expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publi

Attention is drawn to the Narmative references cited in this publication. Use of the referenced publica
indispensable for the corfect application of this publication.

Attgntion is drawn to thelpossibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shall not'he held responsible for identifying any or all such patent rights.

when
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SIMULATORS USED FOR TESTING OF PHOTOVOLTAIC POWER
CONVERSION EQUIPMENT - RECOMMENDATIONS -

Part 1: AC power simulators

FOREWORD

2020

peration on all questions concerning standardization in the electrical and electronic fields. T o  this g
ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R

baration is entrusted to technical committees; any IEC National Committee interested\in-the subject de
participate in this preparatory work. International, governmental and non-governniental organizations

hdardization (ISO) in accordance with conditions determined by agreement bétween the two organiza

hmittees in that sense. While all reasonable efforts are madé, to ensure that the technical content

nterpretation by any end user.

rder to promote international uniformity, IEC National»Committees undertake to apply IEC Publi

Essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certificatiérny bodies.

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

iability shall attach to IEC or its.directors, employees, servants or agents including individual expe¢]
nbers of its technical committees and IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fed

prising
ational
nd and
eports,
Their
alt with
liaising
tion for
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fom all

ational
of IEC
or any

cations
etween
b |atter.

formity
for any
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cations.

jons is

patent

tional
Cation

the required support cannof be obtained for the publicalion of an Initernational 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 63106-1, which is a Technical Specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.


https://iecnorm.com/api/?name=e80e7e524635683dedf8e906ff750a43

IEC TS 63106-1:2020 © |IEC 2020 -5-

The text of this Technical Specifications based on the following documents:

Draft TS Report on voting
82/1731/DTS 82/1776A/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.

A list pfall parts in the TEC 637106 series, published under the general itle Simulators used for
testing of photovoltaic power conversion equipment — Recommendations, can be found’on the
IEC web site.

The cpmmittee has decided that the contents of this document will remain unchanged urtil the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the sgecific document. At this date, the document will be
e regonfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

The objective of this document is to establish terminology, and create a framework for, and
provide guidance regarding the electrical performance of AC power simulators used to test
utility interactive photovoltaic (PV) power conversion equipment (PCE) for compliance with grid
interconnection standards.

It serves as a generalized guideline for the development of AC power simulators used within a
test and evaluation system for PV PCEs.

Testi
well a
consi

Utility
techn
Some
used {
requir,

This d

defining the required performance for adequate evaluation of utility interactive PV
ering utility power requirements, local codes and regulations.

interactive PCEs are used not only for PV, but also for various distributed geng
blogies such as wind power, battery energy storage, engine co-generation or fuel
of the recommendations in this document may be similar and applicable for AC simu
o test these other generation technologies, but they are not intendedto supersede t
ements found in related IEC standards.

ocument may be used in conjunction with regional or nationhal grid standards and ¢

such as:

a) Ed
EN
EN

ropean level utility interaction requirements such.as:
| 50549-1:2019,
| 50549-2:2019.

b) German FGW TG3.

c) UL
d) IE
e) IE

1741 supplement SA, SRD-UL-1741-SA-V1.1.
FE 1547-2003, IEEE1547a (Amendment 1) -2014 and IEEE1547.1-2005.
FE 1547-2018 and IEEE 1547(1-2020.

res as
PCEs,

ration
cells.
lators
bsting

odes,
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The p

powel simulators used for testing utility interactive photovoltaic power conversion equi
(PCE).

NOTE

The AIC power simulators connect to the AC output power port of a PCE under test and sin

the ut

The A
protegtion, ride through, immunity and power quality. The requirements and procedursg
specified in IEC standards and local utility grid requirements; selected by the network ope
utility,

2

The fgllowing documents are referred to in thedext in such a way that some or all of their c
consti
appligs. For undated references, the latest edition of the referenced document (includin

amen

IEC 6
meas
and :i
IEC 6

IECT

IECT

voltag

IECT
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SIMULATORS USED FOR TESTING OF PHOTOVOLTAIC POWER
CONVERSION EQUIPMENT - RECOMMENDATIONS -

Part 1: AC power simulators

Scope

Lirpose ot this part of IEC bs1TUb IS 10 provide recommendations 1or Low vVoltage (L

Low Voltage refers to 1 000 Va.c. and less.

lity grid by generating comparable AC voltage.

C power simulators can be used to test a PCE’s utility interaction characteristics, inc

or authority having jurisdiction.

Normative references

tutes recommendations of this document. For dated references, only the edition

iments) applies.

1000-4-7:2002, Electromagnietic compatibility (EMC) — Part 4-7: Testing
irement techniques — General guide on harmonics and interharmonics measure

hstrumentation, for power supply systems and equipment connected thereto
1000-4-7:2002/AMBP1:2008

S 61836:2016, Solar photovoltaic energy systems — Terms, definitions and symbol

S 62910:2020, Utility-interconnected photovoltaic inverters — Test procedure for
e ridesthrough measurements

) AC
bment

hulate

uding
s are
rator,

bntent
cited

g any

and
ments

under

S 63106-2, Simulators used for fpefing of ‘nhnfm/nlfqir‘ nower conversion pquiprr

recommendations — Part 2: DC power simulators

ent —

IEC TS 63217:-1, Utility-interconnected photovoltaic (PV) inverters — Test procedure of high-
voltage ride-through measurements

3

Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions given in IEC TS 61836 and the

follow

1 Unde

ing apply.

r preparation. Stage at the time of publication: ACD.
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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

3.1

AC power simulator
system or device able to source and/or absorb AC power, for use in testing of PCE

Note 1 to entry: This document includes a real utility grid, where appropriate, as well as synthetic sources as

i machines-orpowerconverters.
rotating P

3.2
powef conversion equipment
PCE
electr|cal device converting one form of electrical power to another form of electfical power with
respegt to voltage, current, frequency, phase and the number of phases

[SOURCE: IEC 62109-1:2010, 3.66]

3.3
port
particlar interface of the PCE with external circuits

Note 1 [to entry: see Figure 1 for examples of ports.

DC input power port AC output power port
PCE Auxiliary AC power port
Signal and control port Earth port

IEC
Figure 1 — Examples of ports

3.4
equipment under test
EUT
PCE that istested by connecting and supplying DC and AC power to each port

3.5
AC output power port

port used to connect to a public low voltage AC mains power distribution network or other low
voltage AC mains installation

3.6
DC input power port
port used to connect the PCE to a low voltage DC photovoltaic power generating sub-system

3.7

distributed generation

DG

decentralized power generation system that is connected to the utility grid in a distributed
manner


http://www.electropedia.org/
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3.8

low voltage

LV

set of voltage levels used for the distribution of electricity

[SOURCE: IEC 60050-601:1985, 601-01-26, modified to delete upper limit voltage]

3.9

high voltage

HV

set of upper voltage levels used in power system for bulk transmission of electricity

[SOURCE: IEC 60050-601:1985, 601-01-27]

3.10
mediym voltage
MV
any s¢t of voltage levels lying between low and high voltage

[SOURCE: IEC 60050-601:1985, 601-01-28]

3.1
type fest
confofmity test made on one or more items representative of the production

[SOURCE: IEC 60050-151:2001, 151-16-16]

3.12
OVRT|
over Joltage ride through for utility failurezdurability of operation

3.13
UVRT]
under|voltage ride through for-utility failure durability of operation

3.14
OFRT
over ffequency ride through for utility failure durability of operation

3.15
UFRT
under|frequency ride through for utility failure durability of operation

3.16
ROCOF
rate of change of power system frequency in Hz/s in the transient period

4 PCE types with respect to AC voltage levels and grid interconnection

In this document, utility interconnected voltage or capacity categories are not specified. PCE
based DG may be connected to the utility in any of the voltage ranges described below:

a) High voltage transmission or sub-transmission line connection.

b) Medium voltage distribution line connection.

c) Low voltage distribution line connection, including PCEs for residential use and micro
inverter or module integrated electronics.


https://iecnorm.com/api/?name=e80e7e524635683dedf8e906ff750a43

-10 - IEC TS 63106-1:2020 © |IEC 2020

Figure 2 shows examples of DG systems connected to the utility grid.

Power generators

Power stations

Transmission

SUD StAlort

High voltage
transmission line

Transmission
sub station

Medium voltage
transmission line

Distribution
Sub station

Low voltage
distribution line

IEC

Figure 2 — Example of connection of DG systems to utility grid

Utilitytinteractive PCEs typicallyChave AC voltage outputs in the range of 100 V to 1 Q00 V,
determined by the input DC(veltage window of the PCE or the input voltage from a OC/DC
converter. Connections to-the utility grid at higher voltages require the use of sfep-up
transfprmers. Thereforesan upper limit of 1 000 Va.c. for the AC voltage range of a PCE test
system is sufficient.

5 Test setup-for utility interactive PCEs

5.1 General

In ordertoreatizevatidandreproducibtetestingthe AC power-source-shattbeappropriate for
the test being performed. This may mean utilizing an actual power grid, an AC power generator
or an electronic AC power simulator depending on the needs of the specific test under
consideration. In this document, recommendations of AC power simulators for a wide range of
typical utility interconnection tests are described.

Similarly, the DC power source shall be appropriate for the test being performed. This may
mean utilizing an actual PV array output, a conventional power supply, or an electronic PV
power simulator depending on the needs of the specific test under consideration.
Recommendations for DC power simulators are addressed in IEC TS 63106-2.

NOTE Hardware in the loop (HIL) or software to control the voltage and frequency at the EUT output port point by
detecting output power (active and reactive) and calculating the voltage and frequency or phase properties by given
utility network model with simulated generators and line impedances are discussed and developed. They are not
used for type certification tests but still have potential usefulness in the future for testing the performance of multiple
DGs in combination with a smart grid.
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5.2 Test setup examples for utility interaction test

5.2.1 General

The test system shall be able to simulate steady state and transient utility grid conditions with
respect to AC voltage, frequency, line impedance, load, and other conditions as required for
the testing. Figure 3 illustrates basic configuration examples for the EUT test system. Here,
EUT is the utility interactive PV PCE under test. A DC power simulator is connected to the DC
input power port. An AC power simulator is connected to the AC output power port, with other
optional impedance and load equipment.

Figure 3 shows only the main power line connections to DC port. AC port in both sides. An earth
line may be shared between DC side and AC side devices.
DC power AC power
simulator ; simulator
Ppwer Power Line or Power Power
squrce converter load eonverter sourcqd
PV (direct) — (direct) Utility
array EUT grid
or or
i D>
. (transformer) Electronic
Electronic PV ili
Wtility |} power AC power § UtlI_lLy
grid simulator simulator grt
or
or
(direct) AC power | :| Rotating
Wtility |1 | DC power or generator engine
grid supply
Line
Impedance |
model
LR.C
load
IEC
Figure 3 — Examples of fundamental setup of EUT test system
5.2.2 Types of AC power simulator systems

5.2.2.1 General

AC power simulator systems may consist of one or more of the following types of equipment: in
5.2.2 through 5.2.4. Other approaches are possible depending on the test(s) under
consideration. As different tests have different power simulator needs, it may be required or
optional for a facility to have more than one type of AC power simulator.

The internal resistance of an AC power simulator including connections to the EUT so measured
at the EUT AC output power port should be designed referring the real-world distribution and
transmission line impedance, for attaining the reasonable test result for power qualities, as
harmonics, DC injection, or flicker tests.
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5.2.2.2  Utility grid

A simple utility grid connection may be used for certain tests. The utility grid used shall have
the right nominal voltage and frequency, appropriate impedance and harmonic distortion levels,
and the ability to source or sink adequate active or reactive power for the test(s) under
consideration.

5.2.2.3 Utility grid and transformer with tap changer

A transformer with tap changer can change the output voltage of the AC power simulator but
only in discrete steps. Some types can be switched under load while others require the
transformer to be de-energized before switching. Quick transfer of voltage is realized by using
iconductor switch for the tap changer. Some types will cause a momentary loss ofvpltage
to thg EUT while others do not. These characteristics need to be taken into account|when
considlering this technique for an AC power simulator.

5.2.2. Electronic AC power simulator
An elgctronic AC power simulator uses power electronics to create or modify AC grid vdltage.
Electrpnic AC power simulators may be composed of an AC to DC conversion stage followed
by a DC to AC conversion stage. Other approaches such as waveform simulation with power
amplification are possible. Electronic AC power simulators provideja wide range of capabilities
for testing including continuous control of the output AC voltage, phase, and frequency. The
electrpnic AC power simulator provides testing voltage conditions for voltage swells (QVRT)
and sag (UVRT) on 1,2 or all 3 phases, and for some types, arbitrary waveform generation. The
electrpnic AC power simulator provides testing frequenCy,‘conditions for frequency rise (PFRT)
and frequency drop (UFRT).

Electrpnic AC power simulators are typically categorized for three different product groups
based on size, including micro PCE, string’PCE and central PCE. The fundamental putput
charatgteristics of the electronic AC power. simulators may depend on the testing power level
and the control of switching devices andzeircuits. For small scale PCE’s testing, linear power
amplification configurations are well-suited for precise output voltage control. For large|scale
appligations, chopper circuits with<'bi-directional control are typically used to reducq heat
dissipption. For a back-to-back system consisting of a chopper converter and inverter gircuit
configuration, the output voltage-harmonic distortion components are absorbed with sufficient
AC filler circuit.

5.2.2. Rotating engine and AC power generator

A rotgting engine coupled to an AC power generator provides a controllable source isplated
from the utility grid.*This provides a source independent of utility grid conditions and ablg to be
used fat remaote,'sites of PV installations in addition to laboratories. Motor-driven gengrator
systems are-capable of continuous control of AC voltage and frequency. Such systens are
limited to creating only symmetrical variations (all three phases vary in the same manner).

5.2.3 Coad
5.2.3.1 General

For some testing, it is required or important to control the impedance as seen by the EUT. This
can be inherent impedance of the AC power simulator, or additional local active or reactive
loads or line impedances may be needed.

5.2.3.2 Inherent impedance

All types of AC power simulators have an inherent impedance as seen by the EUT. This
impedance is complex and can impact the results of many types of grid interconnection testing.
It is important to characterize this impedance, and in some cases compensate for it or alter it
through external means.
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5.2.3.3 RLC load
An RLC load is used in parallel to the EUT for:

a) Anti-islanding tests that require control over active and reactive power, load balance, and
the resonant load quality factor (Q-factor).

NOTE 1 RLC load details for anti-islanding can be found in standards such as IEC 62116 and IEEE 1547.1 .

NOTE 2 In addition to RLC loads, induction motors may be used as a load model. Such motors have tendency
to prevent frequency transition with power running and regeneration modes for anti-islanding tests.

NOTE 3 Electronic loads have the capability to simulate the passive RLC elements needed for anti-islanding
te Lo, Glld ;II QUITTTIC UdAdoT o IIIGly bU ICSUIIUIGt;VC, thuo |cduu;||u thU 'JUVVUI \;UIIOUIII'Jt;UII Uf thU tUDt DyOtUIII. : WeVer,

thg use of electronic loads in anti-islanding testing is not currently accepted by most standards.

b) ARQsorbing and dampening active and reactive power flow to the AC power simulatof in case
it Is not capable of absorbing reverse power flow from EUT.

5.2.4 Line impedance

A lind impedance may be connected in series between the EUT and,-AC power simulator
depending on the need of the selected test. Examples of the purposes of the line impefance
are:
a) An impedance representing distribution line or transmissiondine inductance and resisjance.

b) WI(th by-passing or connecting the impedance in series tojline, to make voltage fluctuptions
at|the AC output power port of the EUT intentionally_fer LVRT test.

c) A blocking impedance to prevent the direct application of surge test voltage to the AC power
source system, or to suppress short circuit current from the AC power source system|to the
shlort circuit point, preventing system apparatus failure by surge voltage or short gircuit
cufrrent.

6 General recommendations for;AC power simulators

6.1 General
6.1.1 Overview

An AC power simulator istpermitted to be used as the utility AC power source system. |n this
clausg, test items conducted with AC power simulators, and general recommendations re|evant
to eagh of them are described.

All of the recomintendations allow for variations based on need of the simulator.

6.1.2 ACymain connections

Th A + lat Ll | ol ry ] 1 FH | Lol o P | th th
e PUWTT STTTTUTATUT S PUITasT armuTiouti al SUpPpPTy LUTITTCUTTUTTS STTUUTU VT LUTITYatiuTe™ W e

local country code and standards, and with the EUT.

6.1.3 Output transformer

The output transformer is supplied by EUT testing applicant to adjust AC output voltage, if
required.

6.1.4 Number of phases and voltage range

The AC power simulator provides the correct number of phases and conductors for the EUT.

The AC power simulator is able to operate across a voltage range that accommodates the UVRT
and OVRT tests required based on the nominal voltage of the EUT.
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For UVRT test, refer to IEC TS 62910:2020.
For OVRT test, refer to IEC TR 63217.

6.1.5 Frequency ranges supplied to EUT

Considering that PV PCEs are installed in all global regions, testing at both 50 Hz and 60 Hz is
desirable.

The AC power simulator shall be able to operate across a frequency range that accommodates
the OFRT and UFRT.OFRT tests based on the nominal frequency of the EUT.

6.1.6 Voltage stability and accuracy

The AC simulator shall be able to operate at voltage set points with an accuracy as specified
by thg interconnection standards being tested.

The sjability of the voltage may also be important for some tests and may be specified by the
test sfandards.

6.1.7 Frequency stability and accuracy

The AC power simulator shall be able to operate at frequency set points with an accurgcy as
specified by the interconnection standards being tested.

The sfability of the frequency may also be importantfor some tests and may be specified py the
test sfandards.

6.1.8 AC output voltage harmonic distortion

The typical AC output voltage harmonic:distortion requirement is indicated in Table 1.
The interconnection standards may have different requirements.

The vpltage harmonics are measured before the EUT is connected.

U1 is the fundamental component of the rated output voltage.

Table 1 — Typical maximum harmonic voltage distortion
(as per IEC 61000-4-7:2002)

Harmonic number % of U1
3 0,9
5 0,4
7 0,3
9 0,2
2 to 10 (even harmonics) 0,2
11 to 40 0,1

It is important to test the output power quality, see independent standards and documents per
each local requirement.

Total harmonic distortion value may also be specified by independent interconnection standards
for each region of power system.
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6.1.9 Signal interface for hardware in the loop

As an optional function, an interface may be included to allow the AC power simulator to be
controlled by a Real Time Digital Simulator/Hardware in the Loop Simulator, so that testing
capabilities can be extended to specific voltage-frequency profiles or scenarios.

6.1.10 Durability against impulse test voltage

Surge voltage is induced to the AC output power port and DC input power port of the EUT during
normal rated or reduced power operation. The AC power simulator should be durable against
the impulse test voltages at the EUT AC output power port or DC input power port, either line
to line_or line to ground.

NOTE | Impulse voltage and wave forms may be referenced from standards such as IEC 61000-4-4, IEC 61000-4-5,
IEC 61643-11, IEEE C62.45, or IEEE C62.41.2.

6.1.11 Other requirements for test properties
6.1.11.1 General

The r¢quirements shown below are to be confirmed for the test(s) under consideration.

6.1.11.2 AC phase-to-neutral voltage balance

The AC output phase-to-neutral voltage balance for a thre€sphase system is specified as per
test r¢quirement.

6.1.11.3 AC output phase control range and accuracy

The AIC phase timing accuracy of the change and recovery of voltage or frequency are sp¢cified
as pef test requirement.

6.1.11.4 AC phase displacement to\voltage balance

The AC output phase displacement to voltage balance is specified as per test requiremept.

6.1.11.5 AC output voltage/frequency step change rate

The AC output voltage/frequency step change rate are specified as per test requirement

6.2 |AC power simulator performance and characteristics

Chardcteristics and performance of an AC power simulator are important for each specifit test.
The desiredscharacteristics are indicated in Table 2 through Table 23. Refer to local or ngtional
grid cpnnection codes for detailed specific requirements.

The characteristics recommended in Table 2 through Table 23 should be maintained over the
full range of conditions as applicable for the test specification.

NOTE 1 Test items for utility interactive PCEs are based on IEC TS 62786-1:2017, where requirements are
developed under close relationship with EN 50549 series. PCEs requirements for active and reactive power output
functions are developed reflecting the local utility experience and studies in UL1741SA, IEEE 1547.1, and FGW
PART3 (TG3) in parallel.

NOTE 2 Abbreviations used in the tables are: P for active power, Q for reactive power, S for apparent power, PF
for power factor, OV for over voltage, UV for under voltage, OF for over frequency, UF for under frequency, lq for
reactive current and ROCOF for rate of change of frequency.
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Table 2 — Grid qualification/Requalification —
In-range voltage before connection/reconnection

Short description of test

Before the EUT connection and injecting energy into the AC power
simulator, the AC voltage is raised or lowered from below or above the
interconnection voltage range threshold at which the EUT output switch
should close and then start generation. Typically, not required to be done
at full power and often signal injection methods are allowed.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Variable AC voltage

- RMS voltage continuously variable across a range that covers the

TAterconnection voltage thresnords of all refevant standards, typically
requiring = 20 % around Viom.

- for interconnection voltage tests, need to be able to ramp #s

Steady frequency and phase

- During the voltage ramps, the frequency and phase shall remain
unchanged.

Powef - Simulator power may be signal level, or a small percentage of EUT|
rated output, allowing a range of techniques.
Usability Capabilities and Drawbacks
benefits
AC utjlity grid None Voltage not variablg
Utilityl grid and transformer None Voltage not variablg
Utilityl grid, transformer, and tap Partial Tap changer can do Interconnection vol{age
chander step changes for testing with ramp o
interconnection voltage | small steps is requifed.
testing.
Electrjonic AC power simulator Good Able to program Vims

ramps and small step
changes, while holding
frequency and phase
steady.

For signal injection a
small simulator may be

used.
Rotat{ng AC power genérator Partial Able to control to Steadiness of frequency
create Vims ramps may be marginal.

Unable to create dgfined
step changes.
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Table 3 — Grid qualification/Requalification — In-range frequency before
connection/reconnection

Short description of test

Before the EUT connection and injecting energy into the AC power
simulator, the AC frequency is raised or lowered from below or above the
interconnection frequency range threshold that the EUT output switch

should close and then start generation. Typically, not required to be done
at full power and often signal injection methods are allowed.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Variable AC frequency

- Frequency continuously variable across a range that covers the

Tt ; Cally
requiring = 10 % around Fnom.
- for interconnection frequency tests, need to be able to ramp\frequgncy.

Steady frequency and phase - During the frequency ramps, the voltage shall remain-unchanged and no

phase jump.

Powef - Simulator power may be signal level, or a small percentage of EUT|

rated output, allowing a range of techniques.
Usability Capabilities and Drawbacks
benefits

AC utjlity grid None Frequency not varigble

Utilityl grid and transformer None Frequency not varigble

Utilityl grid, transformer, and tap None Frequency not varigble

chander

Electonic AC power simulator Good Able to program
frequency ramps and
small step changes,
while holding voltage
steady.

For signal injection a
small simulator may be
used.

Rotat{ng AC power generator: Partial Able to control to Steadiness of voltage
create frequency may be marginal.
ramps

P Unable to create dgfined

small step changes
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Table 4 — Power capability: Nameplate P, Q, S under normal
and near-normal grid conditions

Short description of test After the connection to the AC power simulator, the EUT input is raised to
the rated maximum power point of the PV array to check that the EUT is
operating at rated output active power under normal and near-normal grid
conditions. EUT operation set point or grid voltage is adjusted, to check
that the EUT is operating at rated output reactive and apparent power as

designed.
Important AC power simulator Important aspects of the simulator attribute
attributes for this specific test
Steady AT voltage = DUTINg (he POWer capabllity 1ests, the voltage snall remain unchanged.
- For voltage deviation to reactive power tests, need to be able‘to adjust
voltage.
Steady frequency and phase - During the power capability tests, the frequency and phase shall rgmain
unchanged.
Powef - Simulator power shall cover EUT active, reactive.and apparent poyer

rating. The power is injected into the AC power-simulator or consurped
by parallel loads, allowing a range of techniques.

Usability Capabilities and Drawbacks
benefits
AC utjlity grid Partial Able te’absorb the Voltage not variablg
active'and reactive
pawer
Utility| grid and transformer Partial Able to absorb the Voltage not variablg
active and reactive
power.
Utility| grid, transformer, and tap Good Able to absorb the Voltage tap adjustnjent
chander active and reactive to the setpoint is ndeded
power. for the voltage charnjge

by reactive current with

Voltage variable. the transformer

impedance.
Electrionic AC power simulator Good Able to program the The power is absorped
voltage steadily. into the AC power

simulator or consurped
by parallel loads

Rotat{ng AC powef)generator Partial Able to adjust voltage. Voltage adjustment|for
voltage rise by readtive
current and AC power

generator impedange is
needed.

Fhe powet ts—abseorbed
into the AC power
generator or consumed
by parallel loads
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Table 5 — Power capability: Limitation of P/Q/S/PF by setpoint

Short

description of test

After the connection to the AC power simulator, the EUT input is raised to
the rated maximum power point of photovoltaic array to check that the

EUT is operating at limited set point output P under normal and near-

normal grid conditions. EUT operation set point is adjusted, to check that
the EUT is operating at rated output reactive, apparent power and power
factor as designed. Sometimes, photovoltaic array |-V curve has a
maximum power point exceeding the EUT rated input power. In that case,
EUT is checked to operate at rated output power.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Steady AC voltage - During the limitation by setpoint- tests, the voltage shall remain
unchanged.

- For voltage deviation to reactive power under the setpoint'tests, nged to
be able to adjust voltage.

Steady frequency and phase - During the limitation by setpoint- tests, the frequeney and phase shall
remain unchanged.

Powef - Simulator power shall cover EUT active, réactive and apparent power
rating. The power is injected into the AC power simulator or consurped
by parallel loads, allowing a range of teghniques.

Usability Capabilitiescand Drawbacks
benefits

AC utjlity grid Partial Able'te absorb the Voltage not variablg

active and reactive
power.

Utilityl grid and transformer Partial Able to absorb the Voltage not variablg

active and reactive
power.

Utilityl grid, transformer, and tap Good Able to absorb the Voltage tap adjustnjent

chander active and reactive to the setpoint is ndeded

power. for the voltage change
) by reactive current with
Voltage variable. the transformer
impedance.
Electonic AC power simulator Good Able to program the The power is absorped
voltage steadily. into the AC power
simulator or consumed
by parallel loads.

Rotat{ng AC pewer generator Partial Able to adjust voltage. Voltage adjustment|for

voltage rise by readtive
current and AC power
generator impedange is

meeded:

The power is absorbed

into the AC power

generator or consumed

by parallel loads
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Table 6 — Power capability: Ramp rate or soft start time-developing

magnitude by set rate

Short description of test

Before the AC connection, the EUT input irradiance parameter is raised
to the I-V characteristic with rated maximum power point of photovoltaic

array. The AC power simulator is operated with nominal voltage and

frequency. Then, EUT is started by manual command or automatic
sequence to check that the EUT starts operation at the expected ramp

rate or soft start rate.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Steady AT voltage = DUrmg the ramp rate or Soft start 1ests, the voltage shall remain__ |
unchanged.

Steady frequency and phase - During the ramp rate or soft start tests, the frequency and‘'phase shall
remain unchanged.

Powef - Simulator power shall cover EUT active, reactive and apparent poyer
rating. The power is injected into the AC powerimulator or consurhed
by parallel loads, allowing a range of techniques:

Usability Capabilities and Drawbacks
benefits

AC utjlity grid Good Able to absarb*the
active and.reactive
power:

Utilityl grid and transformer Good Able to absorb the
active and reactive
power.

Utilityl grid, transformer, and tap Good Able to absorb the

chander active and reactive
power.
Voltage variable.

Electrjonic AC power simulator Good Able to program
voltage steady.

Rotat{ng AC power generator Good Able to adjust voltage.
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Table 7 — Grid protection tests —
AC over-voltage (OV) and under-voltage (UV) trip tests

Short

description of test

With the EUT injecting energy into the AC power simulator, the AC
voltage in all phases (symmetrical) or on one or two phases

(asymmetrical) is raised or lowered far enough above or below the
nominal interconnection voltage that the EUT’s grid OV or UV protection
should trip, in a specified time. Typically, not required to be done at full
power and often signal injection methods are allowed.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Variapte AT voltage —RMS voltag
voltage disconnection thresholds of all relevant standards, typically
requiring = 20 % around Viom;
- for trip magnitude tests, need to be able to ramp Vins;
- for trip time tests, need to be able to implement a step.change of /ms by
a defined amount.
Steady frequency and phase - During the voltage ramps and step changes theyfrequency and phase
shall remain unchanged.
Powef - Simulator power may be signal level,(orja small percentage of EUT|
rated output, allowing a range of teChniques.
Usability of AC Power Simulator Usability Capabilities)and Drawbacks
Typeg benefifs
AC utjlity grid None Voltage not variablg
Utilityl grid and transformer None Voltage not variablg
Utility| grid, transformer, and tap Partial Tap changer can do Not able to be used for
chander step changes for trip trip magnitude testipg
time testing due to inability to rgmp
Electonic AC power simulator Good Able to program Vims
ramps and step
changes, while holding
frequency and phase
steady. For signal
injection, a very small
simulator may be used.
Rotat{ng AC power génerator Partial Able to control to Steadiness of frequency
create Vims ramps. may be marginal
Unable to create ddfined

step changes
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Table 8 — Grid protection tests: OF/UF trips

Short description of test

With the EUT injecting energy to the AC power simulator, the AC
frequency is raised or lowered far enough above or below the nominal
interconnection frequency that the EUT’s grid OF or UF protection should
trip, in a specified time.

Typically, not required to be done at full power and often signal injection
methods are allowed.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Variable AC frequency.

- Frequency continuously variable across a range that covers the

frequency disconnection thresholds of all relevant standards, typic3
requiring 10 % around Fnom.

y

- For trip frequency tests, need to be able to ramp Frequency.

- For trip time tests, need to be able to implement a step change of
frequency by a defined step.

- For application for specific islands, OF/UF trip threshold in connecfion
with frequency ride-through area is as wide as;£ 45 %, which is 60 |Hz at
the rated to 50 Hz at the bottom.

Steady voltage

- During the frequency ramps and step/changes the voltage shall refnain
unchanged.

Powef - Simulator power may be signaldevel, or a small percentage of EUT|
rated output, allowing a rande of techniques.
Usability Capabilities and Drawbacks
benefits
AC utjlity grid None Frequency not varigble
Utilityl grid and transformer None Frequency not varigble
Utilityl grid, transformer, and tap None Frequency not varigble
chander
Electrionic AC power simulator Good Able to program

frequency ramps and
step changes, while
holding voltage steady.

For signal injection a
very small simulator
may be used.

Rotat{ng AC power generator

Partial Able to control to Steadiness of frequency
create frequency may be marginal
ramps.

Unable to create dgfined
step changes
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Table 9 — Grid protection tests: Anti-islanding

Short

description of test

With the EUT injecting energy to the AC power simulator and L-C-R
loads, the AC voltage and frequency are set to nominal values. EUT

generation and load consumption powers are adjusted to be balanced

and designated near-balanced points.

Then AC power simulator is switched off, EUT and the load make an

islanding situation.

Typically, not required to be done at full power and often signal injection

methods are allowed.

- For the PCE with grid-support functions with active and reactive power
control by PCE terminal AC voltage or frequency, anti-islanding test is

conducted with and without the tunctions.

- For the PCE with voltage and frequency ride thorough functiohs,a
islanding test is conducted with the functions.

hti-

Impor
attrib

tant AC power simulator
tes for this specific test

Important aspects of the simulator attribute

Stead

ly AC frequency

- For adjusting the reactive and active power bgfore the islanding
situation by switching off the AC power simulator, frequency shall
remain unchanged.

Steady voltage - For adjusting the reactive and activé,pewer before the islanding
situation by switching off the AC_ power simulator, voltage shall renjain
unchanged.

Powef - Simulator power may be @ small percentage of EUT rated output,
allowing a range of techiniques.

R-L-( load - R-L-C load shall be\adjustable to make active and reactive power flow
balance betweensthe EUT output and the power system.

- According to“the test requirement, L and C load capacities are chopen
to make designated L-C resonance strength at system frequency tg
disturb the islanding detection.

-For regional requirements, induction motor is used combined with R-L-C
load-that have characteristic to prevent frequency transition with pqwer
running and regeneration properties instead of L-C load resonance
method.

Usability Capabilities and Drawbacks

benefits

AC utjlity grid Good Frequency not varigble

Utility| grid and transformer Good Frequency not varigble

Utility| grid,transformer, and tap Good Frequency not varigble

chander

Electronic AC power simulator Good Able to program

frequency and voltage
steady

Rotating AC power generator Good Steadiness of frequency

may be marginal
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Table 10 — Grid protection tests: ROCOF trips

Short description of test

With the EUT injecting energy to the AC power simulator, the AC
frequency is quickly raised or lowered with a designated inclination in a
specified time. Typically, not required to be done at full power and often
signal injection methods are allowed.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Variable AC frequency

- Frequency stepwise or linearly variable across a range that covers the
ROCOF disconnection thresholds of all relevant standards, typically
requiring under £ 3 Hz/s.

- For trip time tests, need to be able to implement a step or linearchange
of frequency with time by a defined inclination.

Steady voltage

- During the frequency changes, the voltage shall remain ,unchanged

Powef - Simulator power may be signal level, or a small percentage of EUT|
rated output, allowing a range of techniques
Usability Capabilities and Drawbacks
benefits
AC utjlity grid None Frequency not varigble
Utility| grid and transformer None Frequency not varigble
Utilityl grid, transformer, and tap None Frequency not varigble
chander
Electrjonic AC power simulator Good Able to program

frequency linear and
step changes, while
holding voltage steady.

For signal injection a
very small simulator
may be used.

Rotat{ng AC power generator

Partial Able to control to Steadiness of frequency
create frequency quick | may be marginal
change but may be

- Unable to create ddfined
non-linear.

step changes
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Table 11 — Grid protection tests: Open phase

Short description of test

With the EUT injecting energy to the AC power simulator, a selected
single-phase line in multi-phase system of the EUT output is switched-off.
The remaining two-phase lines are energized. Typically, not required to
be done at full power and often lower as 5 % of rated output power is

allowed.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Variable AC frequency

Before and after the single-phase line disconnection, the AC power
simulator shall supply the rated frequency to operate the EUT at the

ifiad ] 1
SPeetHteaPoOwWer—Ever

Steady voltage

Before and after the single-phase line disconnection, the AC power
simulator shall supply the rated voltage to operate the EUT @t the

specified power level.

Powef - Simulator power may be a small percentage of EUT rated output,
allowing a range of techniques
Usability Capabilities and Drawbacks

benefits
AC utjlity grid Good Frequency not varigble
Utilityl grid and transformer Good Frequency not varigble
Utilityl grid, transformer, and tap Good Frequency not varigble
chander
Electjonic AC power simulator Good Able to program

frequency and voltage

steady
Rotat{ng AC power generator Good
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Table 12 — Power quality tests: Current harmonics, inter-harmonics, THDi

Short description of test With the EUT injecting energy to the AC power simulator, the AC
frequency and voltage is kept steady. Typically, required to be done at
full and reduced power.

The connection cable and AC power simulator absorb the 2,4 to 404, and
higher order of harmonics, and not produce voltage harmonics.

As real grid has impedance depend on its configuration and length by the
installation site, impact to line voltage harmonics is estimated and
evaluated by system operator or by line impedance data.

Important AC power simulator Important aspects of the simulator attribute

attribytes—ferthis-speeifie-test

Steady AC frequency - During the inter-harmonics test, frequency shall remain unchanged.

Steady voltage - During the inter-harmonics test, voltage shall remain unchanged.

Low Vpltage harmonics distortion - During the inter-harmonics test, voltage harmonics‘components and
THDi shall be low.

- Voltage harmonic distortion for AC power simulator is measured ar)d
evaluated, as the background noise for thie test, when the EUT is npt
connected.

Powe[ capacity - AC power simulator power shall be.the same or larger than EUT rajted
output.

Usability Capabilities and Drawbacks

behefits
AC utjlity grid Partial Select low distortion, Frequency not varigble
clean voltage
waveform time-period,
such as midnight
Utilityl grid and transformer Partial Select low distortion, Frequency not varigble
clean voltage
waveform time-period,
such as midnight
Utility| grid, transformer, and tap Partial Select low distortion, Frequency not varigble
chander clean voltage
waveform time-period,
such as midnight
Electonic AC powes.simulator Good Able to program the
voltage stable
Rotat{ng AC‘power generator Partial Able to control the Low harmonic distoftion
frequency unchanged of voltage may be
marginal dependind on
the generator outpilt
capacity
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Table 13 — Power quality tests: Flicker (continuous)

Short description of test

With the EUT injecting energy to the AC power simulator, the AC

frequency and voltage is kept steady. This test is confirming that the AC

voltage flicker is under the required values with referred standards.

Typically, the test is required to be done at full power. Voltage flicke
result is treated as for reference which is field-dependent.

r test

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Steady AC frequency

- During the flicker test, frequency shall remain unchanged.

Steady voltage

- During the flicker test, voltage shall remain unchanged.

Low Vpltage harmonics distortion

- During the flicker test, voltage flicker and harmonics components ghall

be low.
Powef - AC power simulator power capacity shall be the same™or larger than
EUT rated output.
Usability Capabilities and Drawbacks
benefits
AC ufility grid Partial Select low distottion, Frequency not varigble
clean voltage
waveformeriod, such
as midfight
Utilityl grid and transformer Partial Seléct low distortion, Frequency not varigble
clean voltage
waveform period, such
as midnight
Utility| grid, transformer, and tap Partial Select low distortion, Frequency not varigble
chander clean voltage
waveform period, such
as midnight
Electjonic AC power simulator Partial Able to program the
frequency stable
Rotat{ng AC power generator Partial Able to control the Low harmonic distoftion
frequency unchanged of voltage may be
marginal dependind on

the generator outpy
capacity

t
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Table 14 — Power quality tests: Current inrush (at connection switch close)

Short

description of test

Before injecting energy to the AC power simulator, the AC frequency and
voltage is kept steady. Three phases of voltage are kept balanced.
Connection switch to the grid placed inside or outside of the EUT is
closed to see the inrush current waveform with peak, time to peak, and

defined cycle period-RMS. If output transformer is installed inside of the
EUT, it is required to be measured at the utility side of the transformer to
determine the inrush current at the switch closing.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Steady-AS—fregueney Buringthe—eurrentinrashtest—frequenrey-shetremainunehanged:
Steady voltage - Before the test, the voltage should be the EUT nominal voltage,/exjcept
some standards may require testing at high end of the linefvioltage
range.
- During the inrush, some voltage dip will occur depending on line
impedance. The standards may specify the line impedance for this fest.
voltage balance - During the current inrush test, three phase_voltages relative angle pnd
amplitude are balanced.
Powef - AC power simulator power capacity,shall be the same or larger than
EUT rated output.
Usability Capabilities’and Drawbacks
benefits
AC utjlity grid Good Able to supply natural Frequency not varigble
inrush current of the
EUT
Utilityl grid and transformer Good Able to supply natural Frequency not varigble
inrush current of the
EUT
Utilityl grid, transformer, and tap Good Able to supply natural Frequency not varigble
chander inrush current of the
EUT
Electjonic AC power simulator Good Almost able to supply
natural inrush current
of the EUT, but it
depends on the AC
power simulator
capacity rating
Rotat{ng AC power generator Good Able to supply natural Compatibility with 50/60
inrush current of the Hz may be margina
EUT depending on the
generator
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Table 15 — Power quality tests: Current imbalance

Short

description of test

With the EUT injecting energy to the AC power simulator, the AC
frequency and voltage is kept steady. Three phases of voltage are kept

valanced. Current imbalance is measured. Typically, required to be done
at full and reduced power.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Steady frequency

- During the current imbalance test, frequency shall remain unchanged.

Steady voltage

- During the current imbalance test, voltage shall remain unchanged.

voltagd

e valance

- During the current imbalance test, three phase voltages relative ar

and amplitude are balanced.

gle

Powef

- AC power simulator power capacity shall be the same or larger tha

EUT rated output.

=]

Usability

Capabilities and
benefits

Drawbacks

AC ut

lity grid

Partial

Select balanced
voltage waveform
period, suchas
midnight

Frequency not varia

ble

Utility]

grid and transformer

Partial

Select\balanced
voltage waveform
period, such as
midnight

Frequency not varig

ble

Utility]
chang

grid, transformer, and tap
er

Partial

Select balanced
voltage waveform
period, such as
midnight

Frequency not varig

ble

Electrjonic AC power simulator

Good

Able to program the
valanced three phase
voltage

Rotat

ng AC power generator

Partial

Able to supply
valanced voltage
waveform

may be marginal
depending on the
generator
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Table 16 — Power quality tests: Transient OV on load dump

Short description of test With the EUT injecting energy into the AC power simulator, the
connection to the simulator is suddenly opened, which tends to cause a
transient overvoltage on the EUT output terminals. In many standards the
magnitude and duration of that overvoltage transient are subject to limits.
This test may also require a resistive load between the EUT and the AC
simulator if the simulator cannot sink load current, or if the test requires a
residual load level after the connection to the simulator is opened.

Important AC power simulator Important aspects of the simulator attribute
attributes for this specific test

St AL L. Raf P~ H tH o H lat. hall l o + £ t
eady-ACfregoerey Before—disconrectonthesimutatorshatsupplytheeorreetfreguengy to

operate the EUT at the specified power level

Steady voltage Before disconnection, the simulator shall supply the correct(voltage fo
operate the EUT at the specified power level

R-Lodd - R-load shall be adjustable to the required values for foad dump test
- R-load shall withstand the estimated peak voltagé and power during the
test
Powef - AC power simulator power capacity shall be the same or larger than

EUT rated output.

Usability Capabilitiesand Drawbacks
benefits
AC utjlity grid Good With switches to open

the 'AC power
simulator and to
change the R-load
capacity

Utilityl grid and transformer Good With switches to open
the AC power
simulator and to
change the R-load

capacity
Utilityl grid, transformer, and tap Good With switches to open
chander the AC power

simulator and to
change the R-load
capacity

Electonic AC power'simulator Good With switches to open
the AC power
simulator and to
change the R-load
capacity

Rotating AC power generator Good With switches to open
the AC power
simulator and to
change the R-load
capacity
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Table 17 — Grid support tests: UV/OV ride-through with/without Iq injection

Short description of test

With the EUT injecting energy to the AC power simulator, the AC voltage
is quickly dipped below or raised above the normal operating range on
one, two and phases (symmetrical), for a defined period of time, and then
come back into the normal operation range. The EUT should be able to
remain connected, continue to inject reactive current, depending on the
grid code requirements, and then resume normal operation after the
simulated UV/OV event. 100 % or 90 % or output is required.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Variapte-AG—voltage

N Y 4 + + Ll a. L A H H H - | H d
AbHity-teo-ereate-oretwo—oralphasesvelagedipertise—withdefine

transition time.
- Ability to hold the dip or rise voltage for the defined period.

- Ability to return to normal voltage range with defined transition time.

Voltage phase behaviour

- During the UV/OVRT event, AC voltage phase to phase angles shdll
change in a manner that simulates the behavious, seen by the EUT when
a fault occurs on the distribution or transmission -network (see
IEC TS 62910:2020).

Impedance

- During the UV/OVRT event, for testing'to grid codes that require
continued reactive current injectiony the/impedance of the AC powg
simulator and connection cable to the’EUT shall be low enough to
maintain the voltage dip level within acceptable tolerances.

=

Usability of AC power simulator Usability Capabilities and Drawbacks

types benefits

AC utjlity grid None Voltage not variablg
Utilityl grid and transformer None Voltage not variablg
Utilityl grid, transformer, and tap None Tap changer can do

chander

voltage changes.

Electronic AC power simulator

Good Able to program Vims
with step changes with
phase to phase angle
changes, while holding
the frequency steady.

Rotat{ng AC power generator

Partial Steadiness of frequency
may be marginal

Unable to create dgfined
step changes
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Table 18 — Grid support tests: UF/OF ride-through

Short description of test With the EUT injecting energy to the AC power simulator, the AC
frequency falls / rises from the normal operating range, for a defined
period of time, and then come back to the normal operation range. The
EUT should be able to remain connected, continue to inject active power,
depending on the grid code requirements, and then resume normal
operation after the simulated UF/OF event.

Important AC power simulator Important aspects of the simulator attribute
attributes for this specific test

Variable frequency with time - Ability to create frequency falls and rises, with defined inclination with

m
tHRE

- Ability to hold the low or high frequency for the defined period

- Ability to return to normal frequency with defined inclination) with tine

Stabl¢ voltage - During the UF/OF ride through test, voltage shall remaifh unchangdd

Powef - Simulator power may be signal level, or a small'percentage of EUT|
rated output, allowing a range of techniques

Usability Capabilities and Drawbacks
benefits

AC utjlity grid None Frequency not varigble

Utilityl grid and transformer None Frequency not varigble

Utilityl grid, transformer, and tap None Frequency not varigble

chander

Electronic AC power simulator Good Able to program
frequency linear and
step changes, while
holding voltage steady.

For signal injection a
small simulator may be
used.

Rotat{ng AC power generator Partial Able to control to Steadiness of frequency
create frequency quick may be marginal
thange but may be on- | ;napie to create deffined
linear. step changes
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Table 19 — Grid support tests: ROCOF ride-through

Short description of test

With the EUT injecting energy to the AC power simulator, the AC
frequency is quickly raised or lowered with a designated linear inclination
in a specified time. Typically, not required to be done at full power but
main circuit should be energized.

Important AC power simulator
attributes for this specific test

Important aspects of the simulator attribute

Variable AC frequency

- Frequency quick and linearly variable across a range that covers the
ROCOF disconnection thresholds of all relevant standards, typically
requiring under £ 3 Hz/s.

- For trip time tests, need to be able to implement a linear change-o
frequency by a defined inclination.

Steady voltage

- During the frequency changes, the voltage shall remain unchanged.

Powef - Simulator power may be signal level, or a small percentage of EUT|
rated output, allowing a range of techniques.
Usability Capabilities and Drawbacks
benefits
AC ufility grid None Frequency not varigble
Utility| grid and transformer None Frequency not varigble
Utilityl grid, transformer, and tap None Frequency not varigble
chander
Electrjonic AC power simulator Good Able to program

frequency linear and
step changes, while
holding voltage steady.

For signal injection a
very small simulator
may be used.

Rotat{ng power generator

Partial Able to control to Unable to create ddfined
create frequency quick changes
change but may be

non-linear.
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