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Foreword

6:2023(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally
through ISO technical committees. Each member body interested in a subject for which

carried out
a technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
electrotechnical standardization.
USed e immtended

The [procedure docur 2 0 0 2
desdribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianes
diffdrent types of ISO document should be noted. This document was drafted in aceendan

editgrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO fdraws attention to the possibility that the implementation of this documeént may inv
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of i
patent rights in respect thereof. As of the date of publication of this decument, ISO had 1
noti¢e of (a) patent(s) which may be required to implement this docunient. However, imple}

matters of

iimenance are

bded for the
ce with the

Ive the use
iny claimed
ot received
menters are

cautjoned that this may not represent the latest information, which«may be obtained from the patent

database available at www.iso.org/patents. ISO shall not be held responsible for identifyin
such patent rights.

trade name used in this document is information given.for the convenience of users a
titute an endorsement.

Any
cong

an explanation of the voluntary nature of standards, the meaning of ISO specific
essions related to conformity assessmentsias well as information about ISO's ag
World Trade Organization (WTO) principles in the Technical Barriers to Trade
v.iso.org/iso/foreword.html.

For
expr
the
WWY

This|document was prepared by Technical Committee ISO/TC 70, Internal combustion engin

This
revi

third edition cancels and replacesthe second edition (ISO 8528-6:2005), which has beern
bed.

The main changes are as follows:

— ptructure of testing-completely modified (table updated);
Clause 7 now.includes a test procedure related to generating sets connected to the grid

Clause 8 introduced for accessing the performance of generating sets in isochronous mq
parallel'mode.

Alist of all parts in the ISO 8528 series can be found on the ISO website.

g any or all

nd does not

terms and
herence to
(TBT), see

PS.

technically

de and grid

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Re

ciprocating internal combustion engine driven

alternating current generating sets —

Part 6:
Test methods

1

This|
appl
engi
and

asse

For s
with

Scope

document specifies the test methods to be used for characterizing an entife’gener
jes to alternating current (AC) generating sets driven by reciprocating internal comby
hes for land and marine use, excluding generating sets used on aircraftior‘to propel Ig
locomotives. This document also provides simulation methods as _an alternative
5sing the generating set capability to meet the requirements definedyin 1ISO 8528-5.

ome specific applications (e.g., essential hospital supplies, highssise buildings, operatio
the grid), supplementary requirements can be necessaryiThe provisions of this do

intended as a basis for establishing any supplementary requirements.

For
docu

NOTE

are
char

2

The
cons
und{

ISO
Part

ISO
2: En

ISO
Part

ISO
Part

AC generating sets driven by other reciprocating-type prime movers (e.g., steam er
ment is intended as a basis for establishing these requirements.

L

Existing test methods for the engine (1S0..3046-1 and ISO 3046-3) and generator (I
pplicable for those components. The generating set manufacturer is responsible for sped
hcteristics and the tests to be performed to verify them.

M

Normative references

titutes requirements of thisidocument. For dated references, only the edition cited

B528-1:2018, Reciprocating internal combustion engine driven alternating current generq
1: Application, ratings and performance

B528-2, Recipracating internal combustion engine driven alternating current generating
gines

B528:3:2020, Reciprocating internal combustion engine driven alternating current gener(
3: Alternating current generators for generating sets

hting set. It
Istion (RIC)
nd vehicles
method for

hin parallel
cument are

gines), this

EC 60034-2)
ifying these

following documents are refetrred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendmerts) applies.

iting sets —

sets — Part

iting sets —

5: Generating sets

06528-5:2022, Reciprocating internal combustion engine driven alternating current generating sets —

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

IEC 60034-5, Rotating electrical machines — Part 5: Classification of degrees of protection provided by
enclosures for rotating machines

IEC 60947-1, Low-voltage switchgear and control gear — Part 1: General rules

IEC 60034-1:2017, Rotating electrical machines — Part 1: Rating and performance

[EC 61400-27-2:2020, Wind energy generation systems — Part 27-1: Electrical simulation models — Model
validation
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3 Terms, definitions and abbreviations

3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1.1

envelope width oscillation of generating set

AN

f

\4

envelope width oscillation of the generating set frequency at constant power around-a mean value
3.1.2

no-load frgquency
fi

flrequency dt which the generating set is operating without load
3.1.3

rated no-ldad frequency
fir

frequency 4t which the generating set is designed to operate‘without load

3.14
rated frequency
declared fr¢quency

fr

frequency gt which the generating set is designed to operate

3.1.5
frequency pt actual power

farb

frequency gt which the generating)set is actually operating

3.1.6
overshoot frequency

fd,max
maximum fransient.frequency rise which occurs upon a sudden decrease from a higher to a lpwer

power

Note 1 to entry: The symbol is different from that given in ISO 3046-4.

3.1.7
undershoot frequency

fd,min
maximum transient frequency drop which occurs due to a sudden increase of load from a lower to a
higher power

Note 1 to entry: The symbol is different from that given in ISO 304 6-4.

2 © IS0 2023 - All rights reserved
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3.1.8
total stopping time
t

a

time interval between the stop command being received by the generating set control system and the
generating set completely stopping

Note 1 toentry: t, =t;+t.+ty

where

is time interval from a stop command being given until the load is disconnected;

F. isthe time interval from the removal of the load until the generating stop commandis triggered,
also known as the cooling run-on time;

by is the time from the generating set stop command is triggered (also known as cogling run-on
time) to when the generating set has come to complete stop.

3.19
load pick-up readiness time
b,
timq interval between the start command and readiness for supplying an agreed power, |taking into
account a given frequency and voltage tolerance

Note{1 to entry: ty, =t + t,

where

f,  is time interval from the start command umntil the beginning of cranking;

f,  is time interval from the beginning of cranking until ready for supplying an agreed ppwer, taking
into account a given frequency andvoltage tolerance.

3.1.10
blogk
fungtional block
mathematical representation ©f)a system or element with one or more input variables and ¢ne or more
outgut variables, in which the/functional relationship between the input and output variablgs is given

Note| 1 to entry: The functional relationship can be given by an arithmetic instruction, a transfer function, a
diffefential or difference equation, a characteristic curve or a family of characteristic curves, o1l a switching
function.

3.1.11

parameteraccuracy
charfatcteristic that reflects the product quality of component suppliers, and it is one of the|key factors
by which the simulation results are reliable

3.1.12

frequency recovery time after load decrease

L de

time interval between the departure from the steady-state frequency band (3.1.27) after a sudden
specified load decrease and the permanent re-entry of the frequency into the specified steady-state
frequency tolerance band (3.1.25)

3.1.13

frequency recovery time after load increase

tf,in

time interval between the departure from the steady-state frequency band (3.1.27) after a sudden
specified load increase and the permanent re-entry of the frequency into the specified steady-state
frequency tolerance band (3.1.25)

©1S0 2023 - All rights reserved 3
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3.1.14

voltage recovery time after load decrease

t

u,de

time interval from the point at which a load decrease is initiated, until the point when the voltage
returns to and remains within the specified steady-state voltage tolerance band (3.1.26)

3.1.15

voltage recovery time after load increase

t

u,in

time interval from the point at which a load increase is initiated, until the point when the voltage
returns to and remains within the specified steady-state voltage tolerance band (3.1.26)

3.1.16
downward
U&do
lower limit

no-load and

3.1.17

upward adjustment of voltage

Us,up
upper limit

no-load and

3.1.18
maximum
Uﬁm@x
maximum
and rated o

rise

3.1.19
minimum
U$mﬂn

minimum v|
and rated o

rise

3.1.20
no-load vo
Uy
line-to-line

3.1.21
maximum

thLmax

adjustment of voltage

bf adjustment of voltage at the generator terminals at rated frequency, for atlloads bety
rated output and within the agreed range of power factor

of adjustment of voltage at the generator terminals at rated frequency, for all loads bety
rated output and within the agreed range of power factor

kteady-state voltage

oltage under steady-state conditions at the rated-frequency, for all powers between no-
utput and at the specified power factor, taking into account the influence of tempera

teady-state voltage

pltage under steady-state conditions at the rated frequency, for all powers between noA
utput and at the specified~power factor, taking into account the influence of temper3

tage

voltage at the terminals of the generator at the rated no-load frequency and no-load

upward transient voltage on load decrease

veen

veen

load
ture

load
ture

maximum

3.1.22

AES Laal lio £ . pa | £ Lialk ] Jd & 1 1 pa |
UILQSC VIIICIT T COUILO TITUIITI A oUuuutTIIucTuIiICTadostT 11Ul d lllsllcl IUdau tu dAa1UvVvel 1UAadu

minimum downward transient voltage on load increase

Uaymnﬁn

minimum voltage which results from a sudden increase from a lower load to a higher load

© IS0 2023 - All rights reserved
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3.1.23
transient voltage drop

AUy
yn
maximum voltage drop when the AC generator, driven at the rated speed and at the rated voltage under

normal excitation control, is switched onto a symmetrical load which absorbs a specified current at the
rated voltage at a given power factor or range of power factors

[SOURCE: ISO 8528-3:2020, 3.12, modified — Notes to entry removed.]
3.1.24

transient voltage rise
AU 4,

maxjmum voltage rise when the AC generator, driven at the rated speed and at the rated vdltage under
norrhal excitation control, has a sudden rejection of the rated output.

[SOURCE: ISO 8528-3:2020, 3.13, modified — Notes to entry removed.]

3.1.25
steady-state frequency tolerance band
Af

agreed frequency band about the steady-state frequency whichthe’/frequency reaches within a given
govgrning period after an increase or decrease of the load

3.1.26
steady-state voltage tolerance band
AU

agreled voltage band about the steady-state voltage that the voltage reaches within a given regulating
peripd after a specified sudden increase or decrease of load

U
Note[1 to entry: AU=2AUg x——.

100
3.1.27
steady-state frequency band
Bs

envefope width osciallation of generating set (3.1.1) frequency at a constant power around a mean value
Note|1 to entry: Expressed as)a’ percentage of rated frequency.

2%
f
Vv
Note|2 to entry: Bf'=—x100
fr
3.1.28
transient(frequency deviation (from initial frequency) on load increase (-) relatedl to initial
frequency

6fq
temporary frequency deviation between undershoot frequency (3.1.7) and initial frequency during the
governing process following a sudden load increase, related to the initial frequency

3.1.29
transient frequency deviation (from initial frequency) on load decrease (+) related to initial
frequency

Sfd
temporary frequency deviation between overshoot frequency (3.1.6) and initial frequency during the
governing process following a sudden load decrease, related to the initial frequency

© IS0 2023 - All rights reserved 5
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3.1.30

transient frequency deviation (from initial frequency) on load increase (-) related to rated

frequency
6 fayn

temporary frequency deviation between undershoot frequency and initial frequency during the
governing process following a sudden load increase, related to the rated frequency

Note 1 to entry: & f3,n =

3.1.31

_ fd,min _farb %100.

r

transient Iirequency deviation (from initial frequency) on load decrease (+) related tox

frequency
8 fayn

temporary
governing [l

Note 1 to enfry: 5nyn =

3.1.32
frequency

6 fst
frequency d

power, exprj

Note 1 to enffry: 6 f; =

3.1.33
steady-stat
AUy
maximum d
between no
temperatur

Note 1 to enflry: The steady-state voltage deviation is expressed as a percentage of the rated voltage (3.1.34),

frequency deviation between overshoot frequency (3.1.6) and initial frequéncy during
rocess following a sudden load change, related to the rated frequency

_ fd,max _farb %100 .

r
(droop

ifference between rated no-load frequency (3.1.3) and the rated frequency (3.1.4) at decl
essed as a percentage of rated frequency at fixed frequency setting

fi,r _fr

r

x100.

e voltage deviation
eviation from the set voltage under'steady-state conditions at rated frequency for all po}

e rise

hted

r the

ared

WETrS

-load and rated output and at specified power factor, taking into account the influence of the

d to

Note 2 to enffry: AUy ==+ Ustinax = Ustmin x100.
2U,
3.1.34
rated voltage
U,
rz;ted value| ofthe voltage assigned by the manufacturer to a component, device or equipment af
which operatioh and performance characteristics are referred

[SOURCE: IEV 442-09-10.]

3.1.35

generating set family
group of generating sets with similar behaviour, the same technology and the same structure of
components, but with different rated output and/or different voltage levels

3.1.36

component
individual physical building elements of the generating set

EXAMPLE

Engine, AC generator, controller.

© IS0 2023 - All rights reserved
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Note 1 to entry: This definition does not apply when used in reference to negative or positive sequence
components in Clause 8.

3.1.37

rated load

Pn

real power that the generating set is capable of producing at the rated voltage (3.1.34) and frequency as
recommended by the manufacturer

3.1.38

load angle
internatangle betweenthe-vectorsof-terminat-voltageandem-f;the tatter-indicatingthejquadrature
axis|direction

alils of technical requirement for connecting to and using the national electricity transmission and
distfibution system (also known as grid paralleling) in different regions er nations

3.2 | Abbreviated terms

AC alternating current

AVR| automatic voltage regulator

AGM absorbant glass material used for making-batteries
AM( Agreement between manufacturer'and customer
CSv comma separated value files

ECU electronic control unit

e.m.f electro magnatic foree

ESP emergency standby power

FRT fault ride through

UVRIT underzveltage ride through
OVR[T over-voltage ride through

LFSM-0<_Y limited frequency sensitive mode at over frequency

LFSM-U mmited Irequency sensitive mode at under rrequency

PQ curve active power - reactive power curve

PRP prime power
p-u per unit
RoCoF rate of change of frequency

©1S0 2023 - All rights reserved 7
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4 Other

regulations and additional requirements

For AC generating sets used on board ships and offshore installations which are subject to the rules of
a classification society, it is presupposed that the additional requirements of the classification society
are observed. The classification society name shall be stated by the customer prior to placing the order.

For AC generating sets operating in non-classified equipment, any additional requirements are subject
to agreement between the manufacturer and customer.

If special requirements from regulations of any other authority (e.g. inspecting and/or legislative
authorities) apply, the authority name shall be stated by the customer prior to placing the order. If it is

agreed tou
testing and

NOTE1 A

various regullatory bodies.

NOTE2 E
— classifig
— governn

— inspecti

5 Gener

5.1 Gene
Generating
a) Functid

This te
bed.

As a mlinimum, the manufacturer shall perform the functional testing in accordance with
correct{rating and performance glass of the generating set.

b) Type test for sample prodact:

This te
these t

the generating setyand any additional requirements are to be fulfilled.

c) Acceptgnce test (if required by the customer):

e any otirer authority, them the testing strattbe performed imaccordanmce with 1SOAEC T
measurement standards.

ftention is drawn to the need to take note of additional regulations or requirements imposeg

kamples of regulatory authorities include:
Ation societies, for generating sets used on ships and offshore installations;
hent agencies;

on agencies, local utilities.

al test requirements

ral
sets shall be tested in accordance with thefollowing tests:
nal test:

t procedure is intended for use with the generating set installed on the manufacturer’g

5t is applicable only for a sample product that represents generating sets in a family
psts can bepéerformed or selected tests can be performed, depending on the applicati

r025

d by

test

the

. All
n of

Subjec

tacontractual acreement between the generating set manufacturer and the customer
o} s} s}

or all of the functional tests can be combined with the acceptance test.

any

Figure 1 can be used as guidance on how the tests can be applied for mass produced products or sample
products, generating sets that can only be assembled at customer sites.

© IS0 2023 - All rights reserved
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Generating set
assembly

Generating set
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v@

5.2

The
time
sign
aliag
be a

Final acceptance
» test

Customer Site

halysed:

Sign

h|”) processing

(Chapter 9)

Yes
physical test No
possible?
' @ Manufacturer Site Yes Is this a mass No i
product
test? End of Simulation-based
X y e test assessment validation
Is this a v i for IS@Performance test
sample product es Funchtlonal test (CHapter 8.3)°
test? (Chapter 6)
v Y
Simulatjon-based
Functional test | End of v assessment validation
(Chapter 6) line test Type test® for type test
(Chapter 7 (Chaper 8.4)"
Fully or Partially)

A 4

Product final
ass¢mbly

A

Requirements in ISO 8528-1, ISO 8528-2, ISO8528-3, and ISO 8528-5 to be verified.

For validated models, see the assessments in 8.3 and 8.4.

Figure 1 — Flowchart for testing procedure

in

measured

Measurement equipment accuracy

time

series  data

shall

accuracy of the-sinstrumentation used in the test shall be as shown in Table 1. The mea
series data shall be carried out with a sampling rate of at least twice the frequency of the measured
1, i.e., 10, mgfor 50 Hz frequency operation or 8,3 ms for 60 Hz frequency operation to
ing of data. The measured time series data shall be reported in accordance with how the data shall

be

surement of

prevent any

done

accprding

to

[EC 61400-27-2:2020, 6.4. Measuring transformers and transducers should be of a corresponding
accuracy class.
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Table 1 — Measurement equipment accuracy

Total band-
width of accu-
racy (%)

<1,5
<1,5
<1,5
<1,5
<3,0

Parameter Unit

Current

<

Voltage

Real power

Reactive power kVA

Power factor

6 Funct

6.1 Gense

6.1.1 General

A functiona
by a physig
the generat
functional t
for which te

6.1.2 Phy

This functi
rated powe
AC generat
performed
customer.

The power

customer shall agree that operation.at a certain range of power factors can be tested.

6.1.3 Furn

For generat

Hz <0,5

Frequency

onal test

ral

| test is the validation that the generating set operates as intended. This can be achi
al functional test (6.1.2) or by a simulation methodology)(6.1.3). If the output pow
ing set allows it to be tested at the manufacturer’s site; it is recommended that phyj
ests are performed. Proof of performance by simulationris expected only for generating
st beds are not applicable and a validated model is-available.

sical functional test

bnal test with the generating set shall be performed on the manufacturer’s test bed.
" factor load is normally used for testing, considering the rated active power and associ
br efficiency. If this is not possible"bécause of the test equipment used, this test ca
at a power factor of unity. This ;shall be by agreement between the manufacturer

factor load used for testing should be documented in the test report. The manufacturer

ctional test by simulation

ng sets where-physical testing is not possible due to technical constraints, the functiona

atthe man
individual
test. The ac
customer.

For details

acturer’sfacility can be substituted by simulation models that represent functionally te
omponeént’parts and the simulation of a fully assembled equipment prior to the accept
eptdnee criteria of such models shall be by agreement between the manufacturer anc
he simulation shall demonstrate the performance characteristics as described in Clay

)

bved
b1 of
sical

sets

The
ated
n be
and

and

test
sted
ance
| the
se 7.

If the performance of the generating set is demonstrated by simulation, it is recommended to perform
a final physical acceptance test at the customer site or at the installation site before commissioning the
generating set.

6.2 General inspection

A general inspection shall be made to determine if the following are being met in accordance with the
generator set manufacturer’s instructions. The following shall be considered as a minimum:

a)

completeness of the equipment supplied and to be tested;

b) alignment;

10
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‘)
d)

ISO 8528-

functional operations of the auxiliary equipment supplied (by agreement);

tightness of pipework joints and components;

6:2023(E)

e) degree of mechanical and electrical protection, as described in IEC 60034-5 and IEC 60947-1;

f)
g)

h)
i

NOT
onri

6.3
The

d)

6.4
The

f)

operating and monitoring functions;

insulation resistance values of main stator coils, main rotor coils, exciter stator coils
rotor coils;

vibration level in accordance with ISO 8528-9;

and exciter

Fmissions limit; If no emission limits are defined, then these should be defined)by]
between the manufacturer and the customer. If no test method standardsare dd
SO 8178 can be adopted.

) When measuring non-precision parts, such as a fan guard, a statistical approach to prot
Kk prediction is acceptable.

Measurements
following data shall be recorded (as a minimum):
hmbient temperature, humidity and barometric pressuré;
benerating set voltage, current and frequency at ratéd-output;

Fime-based variation for generating set voltage, frequency and current while loading an
[0 assess transient behaviour;

the proper functioning of any monitoring and control equipment.

Functional test report

functional test report shall include the following information (as a minimum):

the customer and order number (if known);

the manufacturér;

Lhe engine, generator, controlgear and switchgear serial numbers;
fechnicaldata, both declared (rated) and measured, as follows:

1)~ ‘power;

the generating set performance class in accordance with the requirements of ISO 852841;

agreement
fined, then

ection based

d unloading

l_\

2) voltage;

3) frequency;

4) current;

5) power factor;

6) speed;

7) circuit diagram number;
8) type of cooling system.

enclosure protection;

© IS0 2023 - All rights reserved
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g) testsite ambient conditions:
1) altitude;
2) barometric pressure;
3) temperature;
4) relative humidity;

5) inletair temperature;

6) inl¢tcoolant temperature.
h) fuel type (specification number):
1) deysity;
2) calprific value (lower calorific value).

i) lubricafing oil type (specification number).

7 Type test

7.1 Gendral

The purposE of type tests is to determine the technical capabilities of a generating set with an identjified
representative configuration in accordance with the requiréments given in ISO 8528-1, ISO 8528-2,
[SO 8528-3 pnd ISO 8528-5.

Identificatign of configuration should include:

— engine prand and reference;

— speed dontroller brand, reference and seftware version, if any;

— AC gengrator brand and reference;

— excitatjon system type;

— excitatjon controller brand;reference and software version, if any;
— mode of operation aecerding to [SO 8528-1:2018, Clause 7;

Type test can be us€dyto demonstrate validity of the simulation models used in Clause 8. In this ¢ase,
type test shall besconducted on one sample product of the generating sets family that illustrates the
performande ofthie entire family. The validated model can then be used to verify the performance of the
family thropiglpsimulation, as defined in Clause 8. OI

For generating sets that are only assembled at the customer site, the list of required tests to be
performed should be agreed based on an AMC.

7.2 Testing conditions

The rated power of the generating set according to ISO 8528-1 is adjusted or corrected, as determined
by engine and generator manufacturer specifications, to the ambient condition of test. There are:

a) ambient temperature;
b) humidity;

c) barometric pressure;
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d) altitude.

The test shall be performed on generating sets that have reached their stable engine operating
temperature. The time required to warm up the generating set will vary. It is the responsibility of the
test engineer to ensure that the set has run for an adequate time in order to stabilize temperatures.

7.3 Characterisation of performance class

7.3.1 Steady state verification at constant power

7.3.1.1 General

The pim of this test is to determine declared rated power of unit in accordance with,1SO 8528-1:2018;
Claufse 14 and to assess voltage and frequency stability.

The parameters in Table 2 shall be obtained before the test. The parameters in Table 3 shall be measured
duripg the test.

Table 2 — Parameters to be obtained beforethe test

Symbol Parameter Unit
fir Rated no-load frequency Hz
1 Declared frequency (ratedfrequency) Hz

Table 3 — Parameters to be measured during load test

Symbol Parameter Unit
p Power kw
Us 4o Downward adjustment voltage \Y%
Us up Upward adjustment voltage \Y%
Ust max Maximum steady-state voltage \Y%
Ust min Minimum steady-state voltage \Y%
fi No-load frequency Hz
fauts Frequency at actual power Hz

7.3.1.2 Testing method

The [test shall bé performed on generating sets that have reached their stable enging¢ operating
temperature(Ttis the responsibility of the test engineer to ensure that the set has run for gn adequate
timq in order*to stabilize engine operating temperature at each load step.

Test|power is gradually increased as per the load level increments recommended by the generating set
manufactureruntittirerated POWET OT TITa X IITUTT POWET for PRPamdESPtsTeached (DCC 156-8528-1:2018,
Clause 14). After each load increment and following engine temperature stabilization, the electrical
parameters shall be recorded for a minimum of 10 minutes. For PRP, the electrical parameters shall be
measured at 110 % load or maximum stated overload power for a minimum of 10 minutes.

At each load level, vary the voltage from 90 % to 110 % of nominal voltage and load adjusted accordingly
to maintain the desired load value. Based on this test, record the minimum and maximum steady state
voltage and the voltage adjustment range.

The frequency shall be measured at no load and full load during this test to calculate f; and £ ..
All test results are recorded on test record at the defined levels of applied power.

During the test, applied power shall be monitored to maintain a constant level of load.
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7.3.1.3 Assessment

The parameters in Table 4 shall be calculated as per [SO-8528-5:2022, Table 4.

Table 4 — Post-treatments to be performed after load test

Symbol Parameter Unit
AU Steady-state voltage tolerance band \Y
AU, Steady-state voltage deviation %
P Steady-state frequency band %
Of st Frequency droop %
7.3.1.4 (Criteria of acceptance
Acceptance|refers to ISO 8528-5:2022, Table 4, for all parameters measured or obtainedby calculaf
7.3.2 Verjification of power-sharing capability
7.3.2.1 Gepneral

This test is
ISO 8528-5;

7.3.22 A

This test is
operating s

deviation on all generating sets when connected to‘the busbar individually. The second test

check that
power diffe
set termina
The assessé
nominal ra
ISO 8528-5:

7.3.23 R

This test is
operating s
deviation o
that all the

applicable only for generator sets coupled with each otlierwithout a grid, as defing
2022, Clause 12.

Ctive power-sharing test

intended to demonstrate the active power sharing between a number of generating
ynchronously, connected to the same busbarZThe first test is to achieve the same frequ

hll the units are operating synchronously connected to same busbar to achieve an a
rence less than the value defined. inISO 8528-5:2022, Table 4 at the individual generd
. The active power-sharing value shall be calculated based on ISO 8528-5:2022, 12.1
d active power-sharing value between 80 % to 100 % loading and between 20 % to §
ing can be used for accessing the performance class operating limit values accordiy
2022, Table 4.

pactive power-sharing test

intended to demonstrate the reactive power sharing between a number of generating
ynchronously,-€onnected to the same busbar. The first test is to achieve the same vol

ion.

d in

sets
ency
s to
ctive
iting
1.2,
0%
g to

sets
tage

h all generating sets when connected to the busbar individually. The second test is to ¢
units are*operating synchronously connected to same busbar to achieve a reactive p

heck
wer

difference less than the value defined in ISO 8528-5:2022, Table 4 at the individual generating set

terminal. T

lated b

nereactive power-sharing value shall be calcu

assessedre

the performanc

ased on [SO 8528-5:2022,12.1.2.2

28-5:2022, Table 4.

ISO 85

V PDOW a g vdart v, W 0 CO
e class operating limit values according to

7.3.2.4 (Criteria of acceptance

The
sing

The active and reactive power-sharing capability shall conform with the performance criteria
requirements in ISO 8528-5:2022, Table 4.
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ISO 8528-6:2023(E)

The aim of the test is to assess load acceptance and load rejection of generating set under test and
determine its performance class.

During the test the parameters in Table 5 shall be measured.

Table 5 — Parameters to be measured during step load test

7.3.3

This
by g
decl
set 1
aftel

Symbol Parameter Unit
fd max Overshoot frequency Hz
/4. min Undershoot frequency Hz
tede Frequency recovery time after load decrease S
tein Frequency recovery time after load increase s
ty.de Voltage recovery time after load decrease s
tuin Voltage recovery time after load increase S
Ust max Maximum steady-state voltage \Y%
Ust min Minimum steady-state voltage \Y%
Uy No-load voltage \Y%
Ugynmas (l\j/[aximum upward transient voltage on load v
' ecrease
Ugynmin i\/linir_num downward transient voltage on v
, oad increase

8.2 Testing method

ommended

test shall be performed at rated power factor by varying the load in step changes re
bnerating set manufacturer (refer to Table 6 for example load steps). The genset manufacturer shall
hire the number and size of the load steps needed to meet the performance class of the generator
oted in ISO 8528-5:2022, Table 4 with reference to the generator set rating. This test will be made
running the generating-set until the engine operating temperature is stable. Alternatjvely, where

the manufacturer test facility precludes the testing at rated power factor, the load acceptapce test can

be p

The
plot
orh

ird copy)-

erformed as per theagreement between manufacturer and customer.

Table 6 — Example of load steps declared to validate performance class

frequency and«veltage variations shall be recorded in the form of time-based voltage anf frequency
or transcripts-Showing the frequency and voltage levels (e.g., file type in CSV format, digital format

Load-step Suddenload-variation
Step 1 0 - 1st power stage
Step 2 1st power stage - 2"d power stage
Step 3 2nd power stage - 374 power stage
Step N N-1 power stage - 100 %
Step N+1 100% -0

7.3.3.3 Measured data processing

Following parameters in Table 7 shall be calculated from the measured values.

© IS0 2023 - All rights reserved
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Table 7 — Post treatment to be performed after step load test

Symbol Parameter Unit

Af Steady-state frequency tolerance band Hz

SF Transient frequency deviation (from initial frequency) on load o

fa increase (-) related to initial frequency 0

SFH Transient frequency deviation (from initial frequency) on load o

fa decrease (+) related to initial frequency 0

S Transient frequency deviation (from initial frequency) on load o

dyn increase (-) related to rated frequency 0

5 -+ Transient frequency deviation (from initial frequency) on load o

dyn decrease (+) related to rated frequency 0

AU Steady-state voltage tolerance band \

SU, Steady-state voltage deviation %

AU gyn Transient voltage drop %

AUgyn Transient voltage rise %

7.3.3.4 (Criteria of acceptance

Acceptance| refers to limits defined in ISO 8528-5 for all parameters measured or obtaine
calculation{During these tests the variation of voltage and frequéncy shall be within the limits o

performang

7335 P

The report
under test §
decreasing
be included

Performanc
generating

7.3.4 Sta

7341 G

The aim of
and 11.

During the

16

e class defined in ISO 8528-5 for each load step perfarmed.

erformance class and load acceptance report

shall include an executive summary showing features and characteristics of the

ind one calculation and measurement,sheet for each load test performed for increasir
oad steps. Files (CSV format, digital-or Hard copy), including all measured parameters,

in the report. Refer to Annex C for:an example report.

e class is determined by theworst-case response to the different load steps applied aj
bet manufacturer recommendations.

't and stop time characteristics
Pneral

Lhis test is‘te verify the start time and stop time according to ISO 8528-5:2022, Clausg

fest'thie parameters in Table 8 shall be measured.

1 by
f the

unit
gor
shall

per

s 10

Table 8 — Parameters to be measured during the test

Symbol Parameter Unit
t Time S
U. Rated voltage \
1 Declared frequency (rated frequency) Hz
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7.3.4.2.1 General
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Following parameters are subject to agreement between the customer and the generating set

man

ufacturer and shall be defined prior to the test:

— ambient air temperature and pressure;

— operating temperature of the RIC engine (i.e. coolant and lubricant temperatures);

7.3.4

The

Simu
oper
Recq

7.3.4

The
at fy
shut
sped

tarter bdttcl_y conditiomn:

bil viscosity;

fotal inertia of the generating set;
fuel quality;

state of the starting equipment.

}.2.2  Starting characteristics

initial condition of the generating set for this test should‘bé in a stopped state, and rq
{ltaneously start the generating set and begin to log the tést data until the generator re
ating voltage and frequency and is ready to be loadéd, as shown in ISO 8528-5:2022
rd the electrical parameters against the time plot along with the start signal.

}.2.3  Stopping characteristics

initial condition of the generating set for this test should be running at rated speed 4
Il load and at rated power factor. Start’the measurement of the test data and initia
down. Wait until the load is ramped down and the AC generator comes to a compl
ified in [SO 8528-5. Record electri¢al parameters along with the stop signal.

During these tests, the frequency and voltage variations shall be recorded in the form d

tran|
digit

7.3.4
The

scripts from frequency, dnd voltage levels measured (data file in the CSV format, h
al).

1.3 Post-treatment of measurement data

parameters in-Table 9 shall be calculated.

Table 9 — Post-treatment to be performed after the test

bady to run.
hches stable
, Figure 10.

ind voltage,
‘e a normal
bte stop, as

f curves or
aird copy or

Symbol Parameter Unit
t Load pick-up readiness time S
t, Total stopping time S

7.3.4.4 (Criteria of acceptance

For criteria of acceptance refer to specific customer requirement or agreement between the
manufacturer and the customer.

© IS0 2023 - All rights reserved
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7.4 Reactive power capability

7.4.1 General

This subclause describes the test method to access the reactive power capability of the AC generator
and the control regulation using different control modes.

7.4.2 Verification of reactive power capability

7.4.2.1 Test method

This test cap be performed to verify the stable operating active and reactive power capability of tl‘Je AC
generator.

Units underf test shall be connected to the grid or to a load bank capable of testing lagging [ever-excited)
and leading (under-excited) power factors. It is the responsibility of the manufacturer-to ensure|that
the limits of maximum over-excited and under-excited condition are within the stable’operating region
of the generjating set at the operating voltage.

NOTE For this test, the prime mover can be replaced by an electrical motor or another kind of rotpting
engine.

This test shill be performed at maximum reactive power capability,ef.the AC generator for each ag¢tive
power step|for a minimum duration of 1 minute after stabilization following a change of active pgwer.
The limits ¢f reactive power in under-excited and over-excited-conditions should be assessed ag per
Figure 2 at [the operating voltage. If the grid voltage is influeneing the reactive power capability of the
generating Ninit, it shall be recorded in the test report. Example steps are shown in Table 10.
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Table 10 — Example test steps for reactive power capability assessment

Active power
%

Reactive power at
maximum over-excited
condition

kVAr

Reactive power at max-
imum under-excited
condition

kVAr

nO/G or

minimum stable operating
load

10 %

20%

30%

40 %

50 %

60 %

70 %

80 %

90 %

100 %

7.4.2.2 Document to be provided before tests

This|assessment considers the AC generatorxeactive power capability in accordance with the regulator
setup and protection setup.

The generating set manufacturer prgvides the reactive power capability datasheet for asse|
gridjapplication, the AC generator manufacturer shall provide information of the PQ curve ¢

ratefl voltage and at the voltagedeviation limits as required by the local grid code (see ISO 8

Figure 14). These values can.be used to establish the thermal limits and reactance v

gengrator.

The
Figujre 2.

If there are restrictions from the local grid operator with respect to reactive power limit, the

example of stable operating region for reactive power capability at rated voltage i

on the grid conhection could be applicable for region 5 in Figure 2. In this case, additional m
declpratiens shall be provided to prove the capability of the generating set.

ssment. For
stimated at
528-5:2022,
lues of the

s shown in

n the limits
hnufacturer
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7 -t 1,2 6
- 1,1

0,4
N

Key Q)
1,2,3,4 sptpoint limits of the AVR for the stable operation of the generatin@t
5 stable area of generating set operation Q
6 opver-excited region &Q\\
7 under-excited region (74)
8 sfability curve for salient pole AC generator, where U—U\S

NOTE Iflthe generating set cannot be operated at poin nd 4 due to minimum operating load restrictions,
this test can pe performed at the minimum stable opera81 load level.

\j:
Figure 2 — Example of geC})’QFéting set manufacturer PQ diagram

.

7.4.2.3 Agceptance criteria O®

The test is [considered accepted i gﬁ operating points are inside the generating set stable opergting
area (i.e. region 5) of the PQ am of the AC generator. Refer to specific PQ diagram for generating

set and AC generator. C)\

NOTE1 The runnmg s 1 and 4 are representative of the ability of the generating set to remain stable[such
that, when cpnnecte grld the generating set does not lose synchronism or, when connected to a pafsive
testing bench, the g ting set is able to regulate the voltage at the nominal value.

NOTE2 T %&K\mg points 2 and 3 are representative of the settings of the excitation current limitatipn of
the generati t. The risk of losing the stability of the system is considered as low.

7.4.3 Test method for verification of reactive power capability control methods

7.4.3.1 General

The objective of the tests described in this section are to verify the reactive power capability of the
generating set under different control modes such as fixed VAr, fixed power factor, Q(P) and Q(U)
control as referred in ISO 8528-3:2020, 7.3.3. The tests defined in this section shall be performed to the
reactive power capability modes available in the generating set and required by the installation.
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This subclause can be used as a guideline using the following methods in the absence of test methods
predefined in applicable grid codes or relevant standards:

— testusing grid simulator;

— test by injecting variable analogue signal to change setpoint;

— test by modification of control parameter;

— manufacturer declaration with suitable supporting documentation;

— mathematical modelling.

If the testing is performed against the grid, it is recommended that testing is avojhed during
any [instability in the grid that could affect the test results. If such tests are carried dut, suitable
docymentation of the test modification, relevant results and the grid status shall he r€cordg¢d.

7.4.3.2 Verification of VAr/power factor control

7.4.3.2.1 General

Thigd test is to verify the response (settling time and accuracy) df)generating set to rea¢tive power
setppint change in fixed VAr/fixed power factor control. The parametric settings, accuracy and settling
timg of the reactive power and its control mode shall be recorded.

7.4.3.2.2 Test method

The generating set can be running in grid parallel orvin parallel operation without grid with fixed Var/
fixed power factor control mode enabled. The test shall be conducted at partial load and|full load at
unity, maximum under-excited and maximum.ever-excited in accordance with Table 11. If the reactive
power settling time can be adjusted, the test shall be repeated for longest (not exceeding 60 s) and
shorttest possible time. Each step to be redorded for a minimum duration of 120 s.

Table 11 — Example steps for VAr/power factor verification

Step P, Q/pP, Duration for
% recording (s)
Step 0 Partial load (45 % - 0 120
55 %)
Step\l Partial load (45 % - Qumax Over excited/P, 120
55 %)
Step 2 Partial load (45 % - 0 120
55 %)
Step 3 Partial load (45 % - Qumax Under excited/P, 120
55 %)
Step 4 Partial load (45 % - 0 120
55 %)
Step 5 Full load 0 120
Step 6 Full load Qumax Over excited/P, 120
Step 7 Full load 0 120
Step 8 Full load Qumax Under excited/P, 120
Step 9 Full load 0 120

If there are restrictions from the local grid operator with respect to reactive power limit, then the
limits on grid connection could be applicable. In this, case additional manufacturer declarations shall
be provided to prove the capability of the generating set.
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7.4.3.2.3 Acceptance criteria

Reactive power control requirements for VAr and power factor control shall be agreed upon between
the AC generator manufacturer and the generating set manufacturer, based on the intended application

of the gener

ating set and any applicable grid codes.

In absence of stated values, the overall settling time for reactive power shall be within the adjusted
settling time of 10 s to achieve a value within the tolerance band of +5 % of P, centred around the target
reactive power setpoint.

7.4.3.3 Verification of Q(P)

7.4.3.3.1

This test i
Manufacturn

7.4.3.3.2

The AC gen
The reactiv
minimum s
10 % using

each step of active power, the reactive power setpoint shall be recorded. The reactive power, a

General

s performed to verify the reactive power response based on active pewer chd
er shall provide expected Q(P) behaviour.

Test method

brator shall be operated in grid paralleling mode with Q(P) reactive control mode ena
e power response shall be set at the fastest response time, The unit shall be operatg
fable operating load or at 0 % of P, if possible. Then the lpad shall be increased in ste
hn external signal or by varying the control parameter unititthe load reaches 100 %. Dy

nge.

bled.
d at
bs of
ring
Ctive
falls
re 3.

power and fhe active power setpoint shall be recorded at each step until the reactive power value
within the tolerance band for a minimum duration of 120 s. An‘example Q(P) curve is shown in Figu
Q/P,
0,35 +
0,25
0,15 | 1
0,05 +
-0,05 | 0,2 0,4 0,8 1 P/P,
-0,15 ¢
2
-0,25 &
-0,35 -
Key
1 over eicitation
2 under excitation
Q/P, reactive power/active power (no unit)
P/P, active power/nominal active power (p.u)
Figure 3 — Example Q(P) diagram
7.4.3.3.3 Acceptance criteria

Reactive power control response shall replicate the behaviour of the defined Q(P) curve as defined
in the agreement between the generating set manufacturer and customer based on the intended

application

22

of the generating set or any applicable grid codes.
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In absence of any stated values, the measured reactive power based on the active power change shall
follow the response as per the Q(P) curve as shown in Figure 3.

7.4.3.4 Verification of Q/P-U

7.4.3.4.1 General

This test shall be performed to verify the reactive power response based on voltage change. The
generating set manufacturer shall provide expected Q/P - U behaviour.

This test can be conducted hy usinga cignnl generatoror grid simulator or by varying cantr | parameter

for v

7.4.3.4.2 Test method

The

enal

rate

char
-U d

120
shal

oltage setpoint reference.

generating set shall be operated in grid paralleling mode with Q/P - U)¥eéactive cd
led. The reactive power response shall be set at fastest response time. Flye/unit shall be
1 load. Using a signal generator or modification of voltage control variable, the steps of]
ge as shown in Table 12 shall be applied. Additional steps can be&ecorded depending
urve required (example curve shown in Figure 4). Each step shall be applied after a fninimum of
5 (example steps shown in Table 12). Depending on the voltage change, the reactive pow
be recorded until the values fall within the tolerance band:

Table 12 — Example verification steps.of Q/P- U characteristics

ntrol mode
operated at
the voltage
on the Q/P

€r response

Key

Voltage Measurement duration
(p.u) )
U. 120
0,97U, 120
1,03U, 120
U. 120
Q/Py
0,35 -
0,25 -
0,15,
6,05 -
-0,05 -
-0,15 -
-0,25 - x
'0,35 T T T T T T
0,94 0,96 0,98 1 1,02 1,04 1,06 U

Q/P, reactive power/nominal active power (no unit)

U

voltage in p.u

Figure 4 — Example verification for Q/P -U curve
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7.4.3.4.3 Acceptance criteria

Reactive power control requirements for Q/P - U response shall be agreed upon between the generating
set manufacturer and customer based on the intended application of the generating set and any
applicable grid codes.

In absence of any stated values, the measured reactive power based on the voltage change shall follow
the response as per the example Q/P - U curve provided. The reactive power change shall occur within

the response time limits defined by the applicable grid codes.

7.5 Verification of grid synchronization limits

7.5.1 General

This test is
the AC gene
windows of

7.5.2 Testing method for verification of grid synchronisation limits

7521 G

This test ca
testis tove

7522 U

For this teg
with the ge
connection

7523 O

For this tes
limit with t
A connecti

7.5.2.4 Upder-frequency connection limit verification

For this tedt, the frequeficy shall be increased in steps of 0,1 Hz from a frequency limit lower
synchronisgtion limit\(e.g. if synchronisation window is f,.-0,2 Hz then f.-0,3 Hz shall be the staj

point) to t

compared tp grid@imulator frequency. A connection signal shall be provided when the synchronisd
window is rleaehed.

7525 O

npplicable only for grid parallel generating sets to demonstrate the connection’conditi
rating set. The generating set shall be able to synchronise within the voltage'and frequ
range as specified in ISO 8528-3:2020, 7.3.1.

pneral

h be conducted using a grid simulator with the generating set in non-running condition
Fify the connection under synchronisation limits specified in ISO 8528-3:2020, 7.3.1.

nder-voltage connection limit verification

t, the voltage shall be increased in steps:0f)1 % from 89 % to the synchronisation
nerator voltage within syncronisation limits when compared to grid simulator volta
signal shall be provided when the synchronisation window is reached.

ver-voltage connection limit verification

[, the voltage shall be decreased in steps of 1 % from 112 % to the system synchronisg
he generator voltage within/syncronisation limits when compared to grid simulator vol
n signal shall be provided when the synchronisation window is reached.

synchronization limit with the generator frequency within synchronisation limits v

n of
ency

The

imit
re. A

ition
fage.

than
ting
rhen
ition

ver-frequency connection limit verification

For this test, the frequency shall be decreased in steps of 0,1 Hz from the frequency limit higher than the
synchronisation limit (e.g. if synchronization window is f.+0,2 Hz then f,+0,3 Hz shall be starting point)
to the system synchronisation limit with generator frequency within synchronisation limits when
compared to grid simulator frequency. A connection signal shall be provided when the synchronisation
window is reached.

The synchronization limits test shall be completed and recorded as in Table 13.
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Table 13 — Example steps for synchronisation limit verification

Under-voltage limit Over-voltage limit Under-frequency limit Over-frequency limit
Voltage |Connection |Voltage Connection |Frequency Connection |Frequency |Connection
steps condition steps condition step condition step condition
% (yes/no) % (yes/no) Hz (yes/no) Hz (yes/no)

89 112 £-0,3 £+0,3

90 111 £.-0,2 f.+0,2

7.5.2.6 Acceptance criteria

The generating set shall demonstrate synchronisation within the limits declared as'per thg
between the manufacturer and customer or applicable grid code requirements.

7.6 | Test method for verification of FRT capability
7.6.1 General
This| test is performed with the unit connected to the grid through FRT test equipme

methods allowed for verification of FRT capability as permittéd by the regional grid netwqg

ora
shal

In th
This

appljcation. As there is significant variation in configuration of auxiliaries for RIC engin

gene
one

that
duri

7.6.1

The
reco

Fegional grid code requirement at final installationSite;

nost stringent voltage time profile of applicable grid codes;

agreed between manufacturer and customer. The required FRT characteristics (OVR
be defined based on one of the following criteria:

by agreement between manufacturer and customer.
e absence of any confirmed values, {bis recommended to use the values in IEC/TS 6278

test shall be performed only on a generating set capable of meeting FRT demands for g

rating sets, the generating set consisting of the engine, AC generator and associated cd
bf the combinations of the auxiliaries shall be tested. The generating set manufacturer §
any individual auxiliary components supplied with the generating set shall be capable
hg and after the fault without system failure.

? Aim of .the test

aim ofithe test is to verify the generating set’s ride through capability and its ability
very of grid voltage during and after under-voltage or over-voltage grid faults.

agreement

nt or other
rk operator
T or UVRT)

6-1.

rid parallel
p-driven AC
ntrols with
hall ensure
bf operating

to support

Mea

ation model

of the generating set. The validated generating set simulation results can be used to prove compliance
for a generating set family, as in 8.4.3.2, according to the applicable grid code requirements as an
alternative to physical type test.

7.6.3 Documents to be provided before test

A report shall be provided by the manufacturer before starting the test. This report shall include:

(UVRT) and over-voltage ride through (OVRT);

generator terminals, after step-up transformer, grid connection point);

© IS0 2023 - All rights reserved
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25


https://standardsiso.com/api/?name=40ade61ecada164f9ae95f09dbb87abe

ISO 8528-6:2023(E)

FRT response.

ECU type including a list of parameter settings affecting performance of FRT;

AVR type including a list of parameter settings affecting performance of FRT;

generating set controller type, list of parameters and settings that can be considered to influence

If parameter settings are adjusted during the FRT testing, the final list of parametric changes shall be

recorded.

7.6.4 Test method

This test is
in 7.6.3 usi
agreed, theltest method in Annex A can be adopted.
a) Generafing set pre-fault load condition:
B set);
— ful
b) Fault type:
— syrmmetrical;
— asymmetrical.
c) Pre-faullt reactive power:
— deglared maximum under-excited (one sample FRT test);
— dedlared maximum over-excited (one sample FRT test);
— unity power factor.
d) Fault pI
e)

differenmt PID gain).

load or >90 % of the rated active power of the generating set.

ases change by repeating-ene sample asymmetrical FRT test.

Optiongl illustrative excitation-controller setting change by repeating one sample FRT test

performed by applying the required voltage steps as per the FRT curve profile proyjided
g an agreed method for validating FRT as described in 7.6. If no methods are defingd or

paytial load (at 50 % or at the recommended minimum stable operating power of the genergting

(e.g.

It is recomrhended to measure the magnitude of the voltage dip or swell (no load dip or swell) with the

generating

Set disconneCted to ensure that the required voltage dip or swell is applied. An example of

combinatioh of these-conditions for each step is shown in Table 14. If no voltage profile is defined, the
voltage profile and test steps in Annex A can be adopted.

Table 14 — Recommended voltage step profile test combination

Voltage pro-
file

Pre-fault reactive
power condition

Full load Partial load
3 2 2 3 3 2 2
Phase | Phase | Phase | Phase | Phase | Phase | Phase | Phase
test1l | test2 | test1l | test2 | test1l | test2 | testl | test2

Voltage step
1

Maximum under-ex-
cited

Maximum over-ex-
cited

Unity Power Factor

Voltage step 1
duration for sym-
metrical fault

Voltage step
1 duration for
asymmetrical

fault

Voltage step 1
duration for sym-
metrical fault

Voltage step 1
duration for sym-
metrical fault

The test report and results shall be recorded in accordance with the requirements in 8.4.3.2.2.
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7.6.5 Acceptance criteria

7.6.5.1 General

The

FRT test is considered passed if the criteria in the following subclauses are met.

7.6.5.1.1 UVRT acceptance criteria

The
The

requirements given in ISO 8528-5:2022, 12.2.3.3 shall be followed.

6:2023(E)

oenerating set shall remain connected to the grid during and after the fault event without automatic

disc

bnnection within the specified duration of the fault. The active and reactive power sha

the pre-fault value (within the allowed tolerance band if possible) and duration as pertheT

codd

7.6.]
The
The
with

7.7

7.7.

The
conf
mea

The
set g
the 1

This

1

s or as per the agreement between manufacturer and customer.

b.1.2 OVRT acceptance criteria
requirements given in ISO 8528-5:2022, 12.2.3.3 shall be followed.

generating set shall remain connected to the grid during OVRT without automatic di
in the specified duration of the fault.

Test method for verification of active power response to frequency variati

General

objective of this test is to validate the active power response to frequency deviati
ected generating sets. This test can be perfermed using a grid simulator, by varying th
surement parameter in genset controller (i€, signal injection) or by simulation, as in 8.

benerating set manufacturer shall ensure thatindividual auxiliaries supporting the mairy
ontinue to operate as intended duting and after the frequency variation without syster
equired time duration.

test can be performed withithe unit connected to the grid, with facility to vary the gri

thro
agr

gh simulated input or by,varying the control parameters. Alternatively, this test can b
d simulator or by usinga validated simulation model capable of demonstrating the a

egional grid code requirement at final installation site;

ost'stringent active power response vs frequency requirement of applicable grid cods

erating range of active power response vs frequency requirement;

I recover to
boional grid

bconnection

bn for grid-
e frequency
1.3.4.

| generating
h failure for

H frequency
e done with
ctive power
e, as agreed
he required
criteria:

[%2)

by agreement between manufacturer and customer.

In the absence of any confirmed values, it is recommended to use the values in IEC/TS 62786-1.

This test is recommended to be performed only on generating sets capable of meeting frequency
variation requirements for grid parallel application.

7.7.2 Aim of the test

The aim of the test is to verify the generating set’s active power response to frequency variation as per

7.7.1

© IS0 2023 - All rights reserved
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Measurements recorded during the test can be used to validate the manufacturer’s simulation model
of the generating set. The validated generating set simulation results can be used to prove compliance
against the applicable grid code requirements as an alternative to real time test.

7.7.3 Documents to be provided before test

A report should be provided by the manufacturer before starting the test. This report shall include:

— active power response to under-frequency;

— active power response to over-frequency;

— declar

— referenfce point for measurement (AC generator terminals);

— method of frequency variation;

— ECU type, list of parameter settings affecting performance of frequency respohse;
— protectfion setting affecting frequency response;

— generafing set controller type, list of parameters and settings that,can’be considered to infly|
frequercy variation.

7.74 Te

This test sh
using an ag
7.7.1 If nom

Frequency 1
Successive §
response td
expected lo

For exampl
The test shd
a) Genera
— pay
— ful
b) Under-f

RoCoF value withstanding ability of generating set;

method

hll be performed by applying required frequencywariation as per the curve provided in
reed method for validating active power response to frequency variation as describeg
ethods are defined or agreed, the test methedin Annex B can be adopted.

Fariation steps shall be applied to verify(the under-frequency and over-frequency respq
tep changes shall be applied until load.variation is observed as per the defined active p

frequency variation curve in accordance with 7.7.3. The test shall be repeated with
hd response at specific frequency.point for the minimum duration suggest as per 7.7.1.

s of frequency steps, referto*Annex B.

1l be repeated under, the-following conditions:

'ing set pre-faultload condition

tial load (atactive power between 50 % and 75 % of P, of generating set);
load or. 290 % of the rated active power of the generating set.

requency response with highest and lowest droop requirement (if applicable).

Aatancuriraciain-ca At £ ondlorac £ Ao oot (f ol oA
\% A\v §

c) Over-fr

TOVWWCSTUTOU P TCqUIT CIIICTIC (T AP PIICcaoTCy

ence

N
— N
S =

nse.
wer
the

d) Deadband frequency point at under-frequency and over-frequency limit as defined by applicable
grid code. In absence of any frequency deadband limits, refer to Annex B.

If the generating set active power capability limits the performance of the test, then it shall be
documented in the report. Suitable manufacturer documentation can be provided to prove the
generating set capability at or to LFSM-0 and LFSM-U requirements.

It is recommended that the test is initiated from the normal frequency band at unity power factor. For
under-frequency response variation, the frequency shall be reduced until the expected load change
occurs and the frequency is further to be decreased until the lowest frequency that the national grid
code requires a generating set to operate or to the breaker tripping protection limit (whichever occurs

28
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first). Record the frequency change input signal and active power response observed on the generating
set.

For over-frequency response variation, the frequency shall be increased until the expected load change
occurs, and the frequency is further to be increased until the highest frequency which the national grid
code requires a generating set to operate or to the breaker tripping protection limit (whichever occurs
first). Record the frequency change input signal and active power response observed on the generating
set.

Additional steps for over-frequency and under-frequency can be performed as per the local grid code

requirements or by agreement between manufacturer and customer if required.

7.7. Acceptance criteria

For yinder frequency, requirements shall be met as per local grid codes or as per the;dagreemégnt between
manufacturer and customer.

For ¢ver-frequency, requirements shall be met as per local grid codes or aspér the agreemgnt between
the manufacturer and customer.

7.8 | Test method for verification of generating set protections

7.8.1 General

The [following tests shall be performed to verify the generating set protection and the refaction time
to disconnect the generating set from the grid or load.(The test is applicable regardless of yhether the
gendrating set is operated in isochronous mode (i.exstand-alone) or parallel without a griq or parallel
to a prid.

7.8.2 Verification of generating set disconnection time from the grid

7.8.2.1 Objective

The |objective of this test is to_Verify the duration of complete disconnection of the generating set
following protection trip signaljinitiation. The measured delay shall be used in modelling io verify the
protection setting and its fuhction as in 7.8.3 is applicable for generating sets with integrated protection
relay or protection signals that will initiate generating set disconnection during FRT or frequency
varifition events.

7.8.2.2 Testing/method

This|test canbe' conducted on the generating set which is non-running but with the means forfverification
of the generating set circuit breaker disconnection following a trip signal. The descriptior] of how the
test js-<€onducted (e.g. event that triggered the fault, configuration of the generating set circpit breaker)
shallbelncludedin the report The frip cignn] can be caused hy anyone of the parameters ih 7.8.3.

7.8.2.3 Acceptance criteria

This test does not have any additional acceptance criteria and is only performed to estimate the time
delay from the start of a trip event to complete disconnection of the generating set. The time duration
shall be used as the delay for protection settings in modelling section in Clause 8.

© IS0 2023 - All rights reserved
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7.8.3 Verification of protection limits

7.8.3.1 Objective

The objective of this test is to verify the protection limits that can disconnect the generating set from
grid once triggered.

7.8.3.2 Testing method

This test can be conducted usmg a grid 51mulator with generatlng set 1n non-running condltlon The
test is to veri tion of generating set basec : = gional
grid code rqulrement at f1na1 1nstallat10n 51te or by agreement between manufacturer and customer,
as shown inf Table 15.

a) Under-yoltage trip limit verification

For this test, the voltage shall be decreased in steps of 1 % from nominal voltage down to the protegtion
limit. The disconnection signal shall be initiated when the protection limit is reached. The prote¢tion
limit and thle time taken to trip shall be recorded.

b) Over-vgltage connection limit verification

For this tesf, the voltage shall be increased in steps of 1 % from nominal voltage up to the prote¢tion
limit. The disconnection signal shall be initiated when the protection Timit is reached. The prote¢tion
limit and thle time taken to trip shall be recorded.

¢) Under-frequency limit verification

For this test, the frequency shall be decreased in steps of'0,1 Hz from nominal frequency limit down to
the protectjon limit. The disconnection signal shall beiinitiated when the protection limit is readhed.
The protectjion limit and the time taken to trip shallbe recorded.

d) Over-frequency limit verification

For this test, the frequency shall be increased’in steps of 0,1 Hz from nominal frequency value up t¢ the
protection limit. The disconnection signal shall be initiated when the protection limit is reached| The
protection limit and the time taken t@ trip shall be recorded.

e) Overcufrent protection limif verification (optional)

For this tedt, the overcurrenty protection function and short-circuit protection function is verified by
connecting fthe primary side of the current transformers to the generator current sensing point. Taking
into accoun]t the transformation ratio of the current transformer, an AC current signal with rated
frequency dan be fed into the measuring chain via a variable power supply unit in the secondary sigle of
the transformer.

For this te§tCthe overcurrent protection value shall be decreased to a value closer to the no
operating c ycu y side
of the transformer is 1ncreased until the overcurrent protection 11m1t triggers a tripping signal. The
protection limit and the duration taken to trip shall be recorded. Example steps for protection limit
verification are given in Table 15.

After the test, the overcurrent protection value shall be reset to the original values.

Table 15 — Example steps for protection limit verification

Voltage nominal |nominal volt-
Under-volt- |steps (%) |voltage |age-1%
age limit Trip signal

(yes/no)
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7.8.]

The
and

7.8.]

The
grid

For ¢gvercurrent protection limit, it is todg verified if the protection limit triggers the trip s

8

8.1

This
can

islan
conf]
altey

Table 15 (continued)

Voltage Nominal |nominal volt-
Over-voltage |steps (%) |voltage |age+l %
limit Trip signal

(vyes/no)

Frequency

-0,1 Hz

Under-fre- |step (Hz) fi fr
quency limit |Trip signal

(ves/no)

Eroauancys

Frequency +0,1 Hz
Over-fre- step (Hz) fi S
quency limit |Trip signal

(yes/no)

Generator . .

Nominal [nominal cur-

Overcurrent |current current |rent+1 %
protection |signal (%)
limit Trip signal

(ves/no)

8.3 Documentation and acceptance criteria

protection limits test shall be completed and recorded.according to Table 15. The prof]
the duration for trip shall be recorded.

8.4 Acceptance criteria

penerating set shall comply with protectiomlimits based on values defined based on eit]
code requirement at final installation site or by agreement between manufacturer and

Simulation-method-based assessment

General

clause provides,guidance and specifications for developing a mathematical simulation
be validated and“used for accessing the performance requirements for generating g

prmity requirements specified in ISO 8528-5. The validated simulation model can be]
nate method to real-time testing as described in Clause 7.

ection limit

her regional
customer.

gnal.

model that
ets used in

d and grid_parallel modes to fulfil the requirements of ISO 8528-5:2022, Table 4 and f¢r grid code

used as an

romagnetic

neral arootmean square (RMS) model is suff1c1ent More powerful models such as elect]

)del can be

conflgured to use any flxed or variable step size and use discrete- t1me or contmuous time solver,
provided that it passes the model validation outlined in 8.3 and 8.4.

A generating set model can consist of the following functional blocks:

engine and engine controller or governor;

AC generator;

excitation machine;

excitation controller or automatic voltage regulator (AVR);

generating set controller (if applicable);
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— protective devices (if available);
— measurement tranformers (if applicable).

The manufacturer is responsible for the definition of the mathematical simulation model or blocks.
Depending on the design of the generating set, it is possible to combine the individual blocks to provide
the response that represents the generating set behaviour.

Avalidated generating set model shall be used to demonstrate conformity. Therefore, the generating set
model shall be validated against a sample generating set in the same family to ensure that the model
provides a sufficient level of accuracy. The generatlng set shall be tested to demonstrate compllance
using, in pa i
with a validated model Valldated 1nd1v1dua1 blocks of the generatmg set can be combmed t
considered ps a model of the whole generating set. The generating set model shall be accompdanied
relevant tedhnical documentation for users to effectively use the simulation model.

lies”
tion
od if

A validated model of a generating set can also be used to demonstrate conformity of “fami
of generat|ng sets, provided the model parameters only change and the,“transfer fung
and its modlel structure remains the same. The generating set model or blocks can be encrypt
I set

required tq
model can §
accuracy off

protect intellectual property and sensitive information. The galidated generating
e exchanged within the families as defined in generating set family (3.1.35). The paran
the model shall ensure that simulation results are reliable and tepresentative of geners

eter
iting

set electricgdl behaviour.

The simulation model shall represent a generating set on its own,.connected to a load or parallel t¢ the
grid. It shal] have sufficient model complexity to replicate dynarmicbehaviours. Figure 5 illustratesfhow
a simulatio model can be constructed. The model can consistiof blocks, as outlined in 8.2.

Mechanical coupling

Engine and (moment ofinertia)

engine controller
/ governor

Electrical
load / grid

A.C.
generator

»

,—b

erating set
ntroller
pplicable)

BN

Gen| Y

(if 4

Excitation

Exciter
controlter

Figure 5 — Example of Simulation model structure for simulation-based assessment

8.2 Specification ofmodel blocks

8.2.1 General

This subcla used
in Figure 5. The overall moment of inertia of the generating set is essential information to be considered
in the model. The inertia can be specified for the rotating elements or as a single value for the entire
unit. The inertia value can be represented in either AC generator block or in the engine block.

wcianrauvidac anidaneca and raaniramantc forthao minimaim raaniramantc for aach hlacls
T P T OV T O S T T e T T O T o T C T S T e T Ot C I T T T O T T T O O o T C T e T o S e oo TIc

8.2.2 Engine and engine controller or governor block

This block shall contain the dynamics and characteristics of the engine and engine controller or
governor. The engine governor block shall contain the relevant information that enables validation
of the block itself or with the full generating set model. The manufacturer shall provide the relevant
parameters and constants, moment of inertia and the associated transfer functions that represent
the engine and governor behaviour. The inertia of the engine shall be considered while estimating the
inertia of complete rotating element if not otherwise included in the AC generator block.
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For standalone island operation, the block shall capture the effect of time delays and time constants due
to governor and engine designs, engine inertia, key speed regulation dynamics of the governor and any
non-linearities that are dominant during transient behaviour.

8.2.3 AC generator block

The properties of the AC generator shall include the time constants, capability curve, AC generator
moment of inertia, saturated reactances or unsaturated reactance values with saturation
characteristics. The AC generator moment of inertia can include the inertia of engine and coupling
erator shall
evel.

Generating set controller block

ction. If the
then these

odel of the generating set controller can be provided as a product-specific transfer fur
roller has multiple functions, such as active power control and reactive power control
fundtions shall be part of the model.

The |manufacturer shall provide the relevant blocks that define the~dynamic behaviour. The user-

modjifiable settings shall be described in the appropriate manufacturexdocumentation.

8.2.%

Excitation controller (AVR) block

er function.
control and

The
If th
pow]

model of the excitation controller (AVR) can be provided as a product-specific transf
e AVR has multiple functions, in addition to regulation loops, such as reactive power
er factor control, then these functions shall be parfof the model.

Actiye limiters that affect the dynamic behaviouttoef the excitation controller shall be included in the
model.

The [manufacturer shall provide the setting for the excitation controller, including thq
affe¢ting the dynamic behaviour and operation mode of the excitation controller. Standard
models are also acceptable.

se settings
IEEE 421.5

8.2 Exciter block

Ifa
be i
ever

|

licable, excitation system blocks, such as exciter, permanent magnet generator and re
icluded. It shall capture the time constants and limits in excitation dynamics duriy
ts. Excitation system model can be represented using transfer functions suitable for

ctifier, shall
g transient
the type of

excitation system @énythe generating set.

The P1.5 models

are 4

manufacturer of the AC generator shall provide the parameters of the exciter (IEEE 4]
cceptable).

4

8.2.7 Protective devices block

If protective functions are in the scope of the generating-set simulation, then a protection block shall be
applied to allow a realistic representation of generating-set disconnection following grid disturbances.

As a minimum, this block includes protection against over-frequency and under-frequency, and against
over-voltage and under-voltage. The definitive generating set (and grid) protection is characterised by
a series of protection levels and a corresponding series of switch-off times as specified and tested in
7.8.3 User-definable curves can be entered to model specific trip profiles by defining a set of voltage/
time or frequency/time coordinates.

NOTE Some grid codes can request additional protection functions such as RoCoF or pole slip.
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8.2.8 Measurement transformer (if applicable)

If a measurement transformer is used for voltage and current deduction in the model, it shall match
the physical configuration on phases that are being sensed (i.e., for a two-phase sensing system, the
transformer shall match the two phases on which the voltage or current is being sensed). Commercially
available voltage and current transformer simulation model can also be used to represent the

measureme

nt transformer.

8.3 Simulation for ISO performance class in standalone island operation

8.3.1 Genrerat

The purpo

a generatinig set operating in standalone island mode with respect to performance classificatia

accordance
transient c
active or rq
performang

The simuldtion model shall satisfy model specifications as outlined ing 8:3. It shall be valid

against test
classify per

8.3.2 Mo

83.21 G

A simulatio
accuracy be

The validat
of requiremn

Based on tl
be calibrateé
modificatio
requiremen
Table 21. A
documente

For compar
sampling ti
deviation b
data sets. T

be of this simulation-based assessment is to predict and classify the performang

with ISO 8528-5:2022, Table 4 using a simulation. The scope of this assessment cad
haracteristics only. It does not cover steady-state or paralleling characteristics sud
active power sharing. This approach can be undertaken as an alternative method td
e test when it is technically not feasible to conduct the test.

data according to 8.3.2. Once validated, the simulation model’can be used to predict
formance according to 8.5.2 for generating set family.

el validation for standalone island mode

eneral

h model that meets the specifications in 8.3 Ghall be validated against test data to justif
fore it can be used to predict performance-according to 8.5.2.2.

on procedure only specifies measurés to quantify the accuracy of the model. Specificg
ents to model accuracy is the agréément between manufacturer and customer.

ne accuracy of the simulation result with respect to test data, the simulation model
d to improve accuracy. Such calibration can be based on manufacturer data, test dat
h of block fidelity provided the simulation model still satisfies the model specificg
ts in 8.3 and parameter-tunings are within tolerance according to 8.3 or IEC 60034-1:2
ny deviations in t@ming of parameters in reference to stated manufacturer data sha
.

me of halfcycle, 10 ms for 50 Hz frequency or 8,3 ms for 60 Hz frequency. To calculatg
ptween:simulated and measured values, a common time base shall be created for the|
his€an be done by time synchronization, decimation or interpolation between samples
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8.3.2.2 Testrequirements

6.4.

ISO 8528-5 specifies requirements to test a generating set and classify its performance. Load steps as
per 7.3.3 shall be used for model validation.

Each load step is a test case in model validation and is characterised by a different starting load
condition and finishing load condition. Although several measurements can be available for a test case,
it is sufficient to analyse only the following outputs to validate the model against the real ISO 8528-5
test data that is available. All load step test data shall provide the following outputs to the validation:

initial active and reactive load applied;
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— final active and reactive load applied;

— time series of measured positive-sequence voltage;

— time series of measured frequency.

8.3.2.3 Simulation requirements

The following requirements apply to the simulations of each test case:

6:2023(E)

a) The simulation model shall be set up to represent the same generating set configuration as in the

b)
‘)

8.3.]
The

App
the j
asse

e doto ool Ao RPN | P |
St tata, e ratTg COTITT OTTCT IO ae'Sy

Che simulation model shall output:
— time series of measured positive-sequence voltage;

— time series of measured frequency.

£.4 Validated results

following validation results shall be provided for each testcase:

h plot showing time series, presented in per-unit values,of the following variables:
— measured positive-sequence voltage;

— simulated positive-sequence voltage;

— measured frequency;

— simulated frequency;

Fable 16 showing transient characteristics of measured data and simulated data, ang
between them.

icable transient characgeristics for the simulation model are provided in Table 16. Th
parameters defined irTable 16 are listed in ISO 8528-5:2022, Table 4. The characteris
5sed at the performaiice class of the type test data. This list is the minimum requirem

modelling-based assessment. The manufacturer and customer shall agree to evaluatg

metl
coveg

ics for perforiance and accuracy. The specification of requirements to these error met

The simulation model shall be subject to the same load step transient as in the testcase.

| the errors

e limits for
rics shall be
ent through

additional
rics shall be

nt

red by the agreement between manufacturer and customer.
Table 16 — Performance class operating limit for simulation-based assessme
Parameter Symbol
Steady-state frequency band B¢

Transient frequency difference 100 % sudden power decrease 5f¢;r

from initial frequency

sudden power increase Sfy

0 +
Transient frequency deviation 100 % sudden power decrease Sfdyn

from rated frequency

sudden power increase 5fd_yn
F . tf,in
requency recovery time
tﬁde
Related frequency tolerance band Qs
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Table 16 (continued)
Parameter Symbol
100 % sudden power decrease AU,J{yrl
Transient voltage deviation
sudden power increase AUgyn
Voltage recovery time after load increase tyin
Voltage recovery time after load decrease ty de

eral

lise describes the minimum requirements for a mathematical model to proye the elect]
fa generating set in grid-parallel operation in the event of:

c grid support;

behavigur of active power injection at over-frequency and under-frequency;

ion functions and settings;

y margin for AC generator (i.e. internal rotor angle).

Juirements and methodologies for model validation

e of this subclause is to provide formal specifications of the procedure for validation|
set simulation model against generating setype test results as defined in 8.4. Before y
simulations, the model must be validated-based on measurements from physical tests
rocedure is based on tests of generatingset control performance and dynamic performs

rical

of a
sing
The
Ince.

on procedure shall be applicable-torthe models defined in 8.1 of this document to com

are

ental frequency positive and negative sequence response of generating set models against
nts. Simulated positive sequence values shall be validated against the measured posjitive
hlues. In the case of models* with negative sequence components, the simulated negative
mponents shall also be'validated against the measured negative sequence components| The

results of t

e validation process(shall be suitable for use in various network stability assessmentd and
planning stpdies. Other test reSults should also be accepted provided that the required measurement
results are available.

Based on IHC 61400-27-2:2020, Clause 7, the results shall include procedure to validate:

time sefies of measured and simulated fundamental frequency quantities;

time s¢ries of errors between simulated and measured fundamental frequency currents

and

L 1 L
VOltageb, activeamareactive powert;

windows of voltage dips and voltage swells;

changes;

presented in per-unit values.

mean error, mean absolute error and maximum error in pre-fault, during-fault and post-fault

measured and simulated reaction time, rise time, settling time and overshoot of reference point

For comparability, the measurement and simulation time series data shall be carried out with a common
sampling time of half cycle, 10 ms for 50 Hz frequency or 8,3 ms for 60 Hz frequency. To calculate the
deviation between simulated and measured values, a common time base shall be created for the two
data sets. This can be done by time synchronization, data decimation or interpolation between samples.
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8.4.3 Model validation for different grid requirements

8.4.3.1 General

The validated model can be considered for assessment if the difference between the measurement
results and the simulation results for comparable scenarios lies within defined tolerances as referred
in 8.4.2 of this standard. Where no values are defined, agreement between manufacturer and customer
shall clarify the tolerances.

The following cases are considered for validation:

— FRT capability;
— hctive power control;
— pctive power response depending on frequency variation;

— protection.
8.4.3.2 FRT capability

8.4.3.2.1 General

The [FRT capability of the generating set refers to the response of the generating set to voltdge dips and
voltage swells. The validation shall consider symmetrical and asymmetrical faults.

8.4.3.2.2 Testrequirements

Subdlause 7.6 specifies the requirements for testing the generating set FRT capability, whjch includes
the flynamic response to voltage dips and voltage swells. Each test case shall provide the following
outyut to the validation:

— ppplied generating set control modes and gains;

— [ime series at AC generator terminals for:

— voltage characteristics-for all phases;

— active power;

— reactive power;

— load angle in reference to generator terminal voltage;

— prid-relevant parameters (e.g., short circuit power, grid impedance, transformer |data, cable
nfetmation, impedance of FRT test equipment).

h . > L h 1 > 1 1 111 | 1 Tl > > &L h N Jq: :
T e IITTITITTUIIT lJl C=1dUlIl 1 CLUI ulug lJCl TOU SIidIl DT O STCTLUIIUS. 11T IIIITIIITUIIT lJUbL'lclulL I CLUI lng pel"IOd
shall be 5 seconds.

8.4.3.2.3 Simulation requirements

The generating set simulation model shall use the same control modes and test scenario as
the generating set during the test. All reactive power control modes shall be included in the model. It
shall be initialised in accordance with the measured initial values of voltage, active power and reactive
power. The simulated time series shall be provided with minimum quarter cycle time step resolution.
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Validation results

ng validation results shall be provided:

plots showing time series of the following positive sequence components:

asured and simulated voltage;
asured and simulated active current;

asured and simulated reactive current;

asured load angle In reference to AC generator terminal voltage (optional).

showing the maximum error, mean error, mean absolute error of positive(sequ

ndows. In the case of validation of models including negative sequence, the validatig
hced fault cases shall include the equivalent values as for the positive sequehce. The toler
fthe simulated and measured values are defined within the applicable fational grid cod
 of the requirement, it shall be agreed between the manufacturer andcustomer.

lation between simulation and measurement results is impacted by DC component d
or flux orifthe reactive currentis affected by transformer inrush) the validation of simul
vithin fault window can be excluded if required in accordance with IEC 61400-27-2:2

ctive power control (optional)

General

power control of the generating set refers to the dynamic response of the generating s
s in active power reference value. The\wvalidated model shall be used to analyse the a

r setpoint input.

Simulation requirements

ting set model shall.include the dynamic response to an active power setpoint.
hall be performeddy-ihcreasing the active power in steps of 10 %, from 0 % to 100 % 1
r. Each load stepchange shall include the following data:

generating set-Control modes and reference values including power ramp rate;
Fies of:

ulated result for positive sequence of active power;

ence
active power, reactive power, active current and reactive current in the pre-fault, fault‘and j

host-
n of
hnce
e.In

f AC
ated
020,

et to
Ctive

bnse to a step change of active powersetpoint. The model shall account for any delay i the

The
ated

pOWET Telerence (setpoint) value.

The generating set simulation model shall use the same control modes and reference values as the
physical generating set. The generating set simulation model shall be initialised in accordance with the
initial values of voltage, active power and reactive power. The simulated time series shall be provided
with minimum quarter cycle time step resolution.

8.4.3.3.3

Acceptance criteria for simulated results

The following simulation results shall be provided:

— aplot showing time series of the following variables:

— act

38

ive power reference;
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— simulated active power;

6:2023(E)

— atable showing the reaction time, rise time, settling time and overshoot of the simulated result.

The tolerance bands of the simulated and measured values should be either agreed between the
manufacturer and customer or defined within the applicable national grid code.

8.4.3.4 Active power response depending on frequency variation

8.4.3.4.1 General

This
oru

8.4.]

Subd
freq
case

8.4.]

The
gene
with
proy

8.4.]
The

8.4.2 Test requirements

lause 7.7 specifies the requirements for testing the generating set active power 1
1lency variation, which includes the dynamic response to a step charige in frequenc
shall provide the following output for validation:

Frequency-active power characteristics reference values (LFSM=0 or LFSM-U character]
[ime series of:
— measured frequency;

— measured active power.

$.4.3 Simulation requirements

generating set simulation model shall Wse the same control modes and reference v3
rating set during the test. The generating set simulation model shall be initialised in
the measured initial values of frequency and active power. The simulated time ser
ided with a minimum quarter cyele time step resolution.

$.4.4 Validation results

following validation tesults shall be provided:

h plot showing time series of the following variables:

— simulated frequency variation input to generating set controller;
— operating frequency of the generating set;

h plot showing time series of the following variables:

test refers to verification of the active power response of the generating set to grid aovef-frequency
nder-frequency events and applies only to generating set models that support this feattfre.

esponse to
y. Each test

istics);

lues as the
accordance
ies shall be

— measured and simulated frequency;

— measured and simulated active power.

— atable showing the maximum error, mean error and mean absolute error of active power.

The tolerance bands of the simulated and measured values shall be either agreed between the

man

ufacturer and customer or to defined within the applicable national grid code.
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8.4.3.5 Grid protection

8.4.3.5.1 General

The grid protection of the generating set refers to the response of the generating set to over-voltage,
under-voltage, over-frequency and under-frequency as a minimum. Additional protection, like RoCoF,

can be included as required.

8.4.3.5.2 Testrequirements

protection function from 7.8:

— measuijed trip level;
— measuiled disconnection time;

— time sefies of trip signal.

and
| for

— Under-yoltage protection test: the relay trip tie and level in the model shall be verified. With the

simulatjions started at nominal voltage and\frequency, decrease the voltage by 1 % below the
level at|a time until the model trips. Record-the voltage level and time from the step in the vol
and until the trip occurs.

trip
tage

— Over-frpquency protection test: theTrelay trip time and level in the model shall be verified. With the

simulatjions started at nominalvoltage and frequency, increase frequency by 0,1 Hz above the
level at|a time until the trip gecurs. Record the frequency level and time until the model trips.

— Under-frequency protection test: the relay trip time and level in the model shall be verified.
the simfulations startédyat nominal voltage and frequency, decrease the frequency by 0,1 Hz b
the trip level at a tirie until the trip occurs. Record the frequency level and time until the m
trips.

8.4.3.5.4 |Validation results

trip

WVith
blow
odel

Provide a table showing the setpoint, measured and simulated values 1or protection levels

and

disconnection times for each test. The tolerance bands of the simulated and measured values should be

either agreed between the manufacturer and customer or defined within the applicable national
code. The simulation model block shall represent the actual protection relay behaviour.

grid
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8.5 Assessment for generating set family

8.5.1 Methodology

Only a validated simulation model shall be used to conduct test by simulation to predict the type test
response in grid parallel operation. The simulation model may be used to assess the generating set
family based on the validated model in 8.3.2, given it satisfies the following requirements:

— AC generator and excitation system shall be of the same family as used in the validated model, which
covers different apparent power, voltage range, operating frequency and core length of the AC
generator. Model parameters for the assessed generating set can be obtained from the manufacturer.

— [ontrollers (governor, generating set controller, AVR) shall use the same contriol'[mechanism
n the assessed generating set as in the validated model. The model parametersishall pe obtained
from the manufacturer’s design or datasheet.

— |f blocks are derived empirically during validation, such as governdr/,or engine|sub-model,
block parameters of the assessed generating set can be extrapoldted from validated model
parameters if both configurations are of the same family, provided the transfer functfion and the
structure of the block does not change.

Signpl processing in test data and in simulation shall be done in_ accerdance with IEC 6140(-27-2:2020,
6.4.

8.5.2 Assessment for ISO performance class for family,

8.5.2.1 Simulation results

Simylation model shall be set up to represent thefassessed generating set. The model shall He subject to
load|steps according to ISO 8528-5:2022, Table4 as test cases in the simulation environmenit.

The following simulation results shall be provided for each test case:

— hplot showing time series, in per-unit values, of the following variables:
— simulated positive sequence voltage;

— simulated frequency;

— htable showing transient characteristics of simulated data.

Applicable transiént’characteristics are outlined in Table 7.

8.5.2.2 Performance classification

Perfprmance classification (G1 to G4) of the assessed generating set shall be evaluated by comparing
simlated-results-against performance class : i able e transient
characteristics in Table 7.

If the assessed generating set meets all ISO 8528-5 transient performance criteria in
simulation, the manufacturer shall claim the configuration as attaining the ISO 8528-5:2022,
Table 4 transient performance classification by simulation.

8.5.3 Assessment for type test for family in grid parallel application

8.5.3.1 Simulation results

The simulation model shall be set up to represent the assessed generating set. The model shall
be subjected to the test requirements as requested in 8.4. The required test cases shall be simulated.
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The following simulation results shall be provided for each test case:

— aplot showing required output in time series, in per-unit values, of the following variables:

simulated voltage;
simulated active and reactive power;
simulated load angle in reference to generator terminal voltage;

and any additional signals.

8532 T

The simula
of Clause 7.
applicable g

9 Accep

9.1 Gense

The accept
generating

The accepty
ISO 8528-5
installation

The accept
account of
results as 1
available fa

The requisi
including wj

9.2 Respponsibility

The generat
is defined b

9.3 Prep

tance test
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ype test compliance

fion results are evaluated against the requirements as specified in the relevant-sect
The assessed generating set simulation results can be used to prove compliance agains
rid code requirements as an alternative to physical test.

ral

hnce test is a test or series of tests carried out to demonstrate to the customer th
bet meets the relevant requirements from I1SO 8528-1 t0.ISO 8528-5.

ince test can specify agreed variations in the performance classification of ISO 8528
or additional tests to meet specific operating:imits, such as local grid codes at poi

vailable facilities. The acceptance test‘can include separate component tests or simulz
ecessary to determine if the generating set performance is acceptable, taking accou
Cilities.

es of the acceptance test shaltbé agreed in writing between the manufacturer and custg
hich documents shall be made available, by which party and at what time.

ing set manufacturer shall be responsible for the different parts of the acceptance test

ions
t the

at a

1 to
ht of

ince test can be carried out at the final ‘assembly site or the manufacturer's site, taking

ition
nt of

mer,

that

9.3.1 Prd

viSion of auxiliary personnel, test equipment and operating materials

Provision of auxiliary personnel, measuring equipment and operating materials shall be as follows:

a)

In the case of an acceptance test performed at the manufacturer’s site, the manufacturer shall

provide the normal operating materials (e.g., load banks, fuel), the measuring equipment necessary
for the test and any auxiliary personnel.

b)

In the case of an acceptance test at the site of installation, the customer shall provide the necessary

operating materials (e.g., load banks, fuel). If the customer is to provide auxiliary personnel to
assist the manufacturer in performing the tests and any additional measuring equipment that can
be necessary. This shall be agreed between the manufacturer and customer .

42

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=40ade61ecada164f9ae95f09dbb87abe

ISO 8528-6:2023(E)

9.3.2 Acceptance test preparation at the installation site

The manufacturer shall be given the opportunity to inspect the generating set as per 9.3.4 before the
acceptance test is performed and carry out any necessary adjustments and checks. This also applies
when the manufacturer has not carried out the installation by themselves.

9.3.3 Acceptance test preparation at the manufacturer's site or facility

When the acceptance test is carried out at the manufacturer’s site, the normal air ducting and exhaust
gas ducting used shall be accepted. The use of the auxiliary equipment (e.g. cooling water pumps,
lubricating oil filters, coolers, switchgear) installed at the manufacturer’s site, instead of that to be
supplied with the generating set, is permissible unless otherwise agreed. The manufa¢turer shall
inspect the generating set as per 9.3.4 before the acceptance test is performed and carry out any
necgssary adjustments and checks.

If the specified ambient conditions and properties of the operating materials cafinot be realized for the
acceptance test, agreement shall be reached before starting the acceptance testiregarding the influence
of thle deviant conditions and any necessary conversion of the test results.

9.3.4 Preliminary safety checks on generating set prior to testing

Before starting the generating set for the acceptance test, it is recommended to carry out the following
safefy checks:

a) fheck condition of electrical insulation of AC generator The insulation resistances of main stator
Coils, main rotor coils, exciter stator coils and exciter rotor coils shall be above minimunj acceptable
values as described in the manual of the AC generator manufacturer.

b) fheck the fuel, coolant and oil levels in the eggine. Ensure there is no leakage.
c) perify that the emergency stop is functional.

d) perify that all protection systems.are functional and operating correctly.

e) yerify the software versions and hardware versions on the generating set control system.

f) rheck status, connections and mechanical integrity of the batteries and their enclosures. For
flooded batteries, checkthe fluid level and remaining voltage. For AGM and gel batterief, verify the
voltage remaining in'the batteries.

g) rheck that electfical terminals are connected securely with suitable creepage angl clearance
distances.

h) perify thatithe generating set is earthed as required.

9.4 | Further details

If the acceptance test is interrupted by minor faults which can be quickly rectified and are not regarded
as fundamental, with agreement with the manufacturer and customer the acceptance test shall be
continued after the interruption has been rectified.

If the acceptance test is interrupted by major faults which necessitate the repair or replacement of
important components, the specific part of the acceptance test shall be repeated either wholly or in
part once the interruption has been rectified. The amount of testing to be repeated shall be subject to
agreement between the manufacturer and customer.

During any part of the acceptance test, the only adjustments or maintenance that shall be carried out
on the generating set are those which are:

a) necessary for maintaining the test conditions within tolerance;
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b) those maintenance operations and/or adjustments specified in the operations manual.

Special provisions can be necessary for generating sets operating at their installation site which use
fuel other than that of a distillate type (e.g. gas, residual fuel).

9.5 Extent of acceptance test

9.5.1 General

This procedure can be used as guldehnes for the extent of the acceptance test; spec1f1c requirements

applicable
and custo
set and is d
measuremse

er. The extent of the acceptance test depends on the de51gnated apphcatlon of the genergting

ivided into the groups of checks and measurements shown in 9.5.2 and 9.5.3. Checks and

nts over and above those mentioned necessitate an additional agreement. The jprev

conditions ghall be taken into account in the case of an acceptance test at the site of installation.
9.5.2 Chgcks (C)

9.5.2.1 Group CA

Completendss of items supplied and to be tested.

9.5.2.2 Group CB

a) alignment;

b) operating functions of auxiliary equipment;

c) tightneps of pipework joints and components;

d) protectfion against accidental contact (mechanical and electrical);
e) operating and monitoring functions;

f) vibrati¢ns (steadiness);

g) unusual running noises;

h) temperpture rise of important components.

9.5.2.3 Gfoup CC

a) switching functions of the associated switchgear;

b) control/functions of the associated switchgear;

€) monitorimg furnctions of theassociated Switchgear:

iling

9.5.2.4 Group CD

Suitability for parallel operation:

a)
b)

<)

44

check performance of automatic paralleling equipment, if applicable;
check power-sharing (active and reactive power sharing) operation;

auto switching from island to parallel or vice-versa.
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9.5.3 Measurements (M)

9,5.3.1 General

Typical measurements are listed in 9.5.3.2 to 9.5.3.14. The requirements of 9.7 apply to the extent of the
measurements to be carried out during the acceptance test.

9.5.3.2 Group MA

The following parameters shall be measured under steady-state operating conditions under no load:

a) poltage;

b) frequency.

9.5.3.3 Group MB

The following parameters shall be measured under steady-state operating conditions:
a) furrent;

b) range of voltage setting;

c) range of frequency setting;

d) pctive power;

e) power factor or reactive power;

f) pteady-state frequency band;

g) rate of change of voltage setting undersrfemote control;

h) rate of change of frequency setting\inder remote control.

9.5.3.4 Group MC

Starting behaviour.

9.5.3.5 Group MD
The following parameters shall be measured under steady-state operating conditions:
a) |ubricatifng oil pressure or temperature;

b) Foolanttemperature at input and output of engine and generator.

9.5.3.6 Group ME

Exhaust gas temperature.

9.5.3.7 Group MF

Noise emission.

9.5.3.8 Group MG

Exhaust gas emission.
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9.5.3.9 Group MH

The following parameters shall be measured using an oscillograph or similar device with defined power
factor while loading and unloading the generator to assess transient behaviour:

a) voltage;
b) current;
c) frequency.

This test shall be performed with consideration of the final application of the generating set in relation
to mode of J)peration as defined in ISO 8528-1:2018, Clause 7.

9.5.3.10 Gfroup Mj

The harmonic content of the voltage waveform at rated performance of generating setshall be wijthin
the limits specified in ISO 8528-3:2020, 8.5.

9.5.3.11 Gfoup MK

The amplityde modulation of the voltage waveform shall conform with [SO:8528-5:2022, Table 4.

9.5.3.12 Group ML

The following parameters shall be measured under steady-state’gperating conditions and shall conform
with ISO 8528-5:2022, Table 4:

a) active gower sharing in parallel operation;

b) reactive power sharing in parallel operation.

9.5.3.13 Gfoup MM

The fuel cofisumption of the generating set relative to the electric power available at the AC generator
terminals, aking into account the calofific value of the fuel.

9.5.3.14 Group MN

Effectiveness of the electrical-protection device(s).
9.6 Accufacy of measurement equipment and acceptance test procedure

9.6.1 Measurément equipment accuracy

The requirnd accuracy of the electrical instrumentation shall he subject to agreement hetween
the manufacturer and the customer. The tolerances shown in Table 1 shall be used as the minimum
accuracy of the measurement equipment.

The waveform dependence of the measuring instruments used can be taken into account.

9.6.2 Warm-up time

The acceptance test shall be performed on generating sets that have reached their normal operating
engine temperature and pressures. It is the responsibility of the test engineer to ensure that the set has
run for an adequate time to stabilize the engine temperatures.
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9.6.3 Generating set load test duration
The duration of the load test depends on the generating set rating and application.

NOTE The duration is generally a period up to 2 h but will usually be specified by the manufacturer.
9.6.4 Performing acceptance tests at the manufacturer’s works

9.6.4.1 Acceptance test with electrical load

A unity power factor load is usually used for testing, with due regard to rated active power and
assofciated generator efficiency. Optionally, if suitable test equipment is available, this test,can be run at
the generating set rated power factor.

Meapurements which are affected by the power output shall be taken with the genérating sqt at no load,
25 % rated power, 50 % rated power, 75 % rated power and 100 % rated powér The load|acceptance
test |s subject to agreement between the generating set manufacturer and customer.

If the ambient conditions during the test differ from the standard reference conditions (see ]SO 8528-1),
the neasured power data shall be converted to be in line with the standard reference conditions.

9.6.4.2 Acceptance test using test-bed switchgear
Unlgss otherwise agreed, the following checks and measurentents shall be carried out:

a) proups CA and CB, checks (see 9.5.2.1 and 9.5.2.2);

b) Broups MA and MB, measurements (see 9.5.3.2.and 9.5.3.3).

9.6.4.3 Acceptance test including generating set’s own switchgear

Unlgss otherwise agreed, the following chiecks and measurements shall be carried out:

a) groups CA, CBand CC, checks (see9.5.2.1,9.5.2.2 and 9.5.2.3);

b) proups MA, MB and MN, measurements (see 9.5.3.2, 9.5.3.3 and 9.5.3.14).

9.6.4.4 Additional checks and measurements

Further checks and measurements can be agreed in addition to those specified in 9.6.4.2|and 9.6.4.3
(see[9.5.2 and 9.5.3).

9.6.4.5 Acceptance test without electric load

Unlgss otherwise agreed, the checks shown in groups CA and CB shall be carried out (seq 9.5.2). The
meaptrements of group MA shall be carried out (see 9.5.3).

NOTE It is not possible to measure voltage and frequency without electrical excitation equipment being
connected.

9.6.5 Installation site acceptance test

The acceptance test shall be carried out with the electrical load available at the site of installation,
which shall be as near as possible to the rated power. Unless otherwise agreed, the following checks
and measurements shall be carried out:

a) groups CA, CB and CC, checks (see 9.5.2.1, 9.5.2.2 and 9.5.2.3);
b) groups MA and MB, measurements (see 9.5.3.2 and 9.5.3.3).
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Further checks and measurements can also be agreed (see 9.5.2 and 9.5.3).

The groups for the checks and measurements are summarized in Table 17.

Table 17 — Checks and measurements groups

Acceptance test Groups for
checks measurements
(9:5.2) (9:5.3)
Using test bed switchgear CAand CB MA and MB
Using generating set’s own CA, CBand CC MA, MB and MN
switthgear
Without electrical load CAand CB MA
At sife of installation CA,CBand CC MA and MB
If no|separate acceptance test has been carried out on the engine itself, the measurements of
groups ME and MF (see 9.5.3.6 and 9.5.3.7) shall be performed.
NOTE For continuous and prime power application, test MM can be carried out.

9.7 Acceptance test report

9,7.1 GeLeral

The perfor

the form of pn acceptance test report.

9.7.2 General data

ance of the acceptance test in accordance with the'requirements specified in 9.6,
generating et in accordance with the requirements of 1S0.8528-1 to ISO 8528-5, shall be recordg

The acceptdnce test report shall include the following general data (as a minimum):

a) the gengrating set performance class in‘accordance with ISO 8528-1 and ISO 8528-5;

b) the cusfomer and order number;
c) the mapufacturer and order number;
d) the gengrating set serial-humber;
e) technicpl data (as aminimum):
1) ratpd powef;

2) ratpd yoltage;

on a
ed in

3) ratedfregueney
4) rated current;
5) rated power factor;
6) circuit diagram number.
f) details of the RIC engine, as follows (as a minimum):
1) manufacturer;
2) engine model;

3) engine serial number;
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4) number of cylinders and configuration;
5) type of cooling;
6) manufacturer’s declared power, in kilowatts, quoting corresponding engine speed;
7) type of starting system.
g) details of the generator, as follows (as a minimum):

1) manufacturer;

PJ— AC generator model;

B) AC generator serial number;

1) rated output, in Kilovolt-amperes;

b) rated power factor;

b) type of construction;

/) type of protection.

B) AC generator PQ diagram

D) AC generator electrical performance data sheet in€luding reactances;
h) Hetails of the equipment installed, as follows (as a minimum):
1) switchgear:

i) manufacturer;

ii) model;

iii) switchgear number;

D) coupling:

i) manufacturer;

ii) model;

iii) type.

B) speedgovernor:

i)>~'manufacturer;

ii) model:

iii) governor number;
iv) details of any other installed or used equipment, such as:
1) battery;
2) compressed air starting equipment;
3) pumps;
4) compressed air reservoir;

5) cooling equipment.
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9.7.3 Additional measured data for acceptance test

The acceptance test report shall include the following measured data (as a minimum):

a) testsite conditions, as follows:

1) altitude;

2) barometric pressure;

3) ambient temperature;

4) reldtive humidity;

5) inl¢tair temperature;

6) inl¢t coolant temperature;

NOTE Values for 3), 5) and 6) could be different for the RIC engine and the generator;
b) the fuel type (specification number), as follows:

1) density;

2) calprific value (lower calorific value);
c) technicpl data of the generating set, as follows:

1) poyver;

2) voltage;

3) frefjuency;

4) number of phases;

5) cuifrent;

6) poyver factor;

7) spded adjustment range;

8) frefjuency setting rateof change;

9) volfage range.
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Annex A
(informative)

Test method using OVRT /UVRT test equipment

6:2023(E)

The test should be performed using a fault emulator, widely known in the industry as a “fault ride-
through container”. The design of the testing equipment should permit the required voltage against

tim¢g profile to be achieved.

The [fault is created by a short-circuit emulator that connects three or two phasesyto' gr
impé¢dance or connecting the three, or two phases together through an impedance(An’exa
diagfam of the equipment to be used is provided in Figure A.1.

A series impedance ‘Z;" is used to limit the impact of short-circuits priorto’the connect
the penerating set to the grid. The size of the impedance shall be sélécted so that the

thro
not
can
geng

The
durg

Z, shall be adjusted to achieve the desired change inwoltage at the generating set terminal.

The
shon
pow|

Swif]
(fau
mec

gh testing does not cause an unacceptable voltage variation on-the grid, and at the
significantly affecting the transient response of the generating set. A by-pass conng
pbe applied pre-fault and post-fault using switch S;. During the FRT test S; shall be ope
rating set is allowed to operate in a stable condition paralleDto the grid.

emulated fault is created by connecting the shunt impedance Z, using switch S, for t
tion based on the FRT curve defined by the selective method in 7.6. The magnitude of

values of the impedances Z; and Z, used in-each test shall be documented in the test
t circuit power of the test setup shall be.within the range of two times to 30 times {
er at the generating set terminal. The X/R ratio of the test impedance shall be at least 3

ch S, shall be able to accurately:control the time between connection and disconng
t clearing time), for both symmetrical and asymmetrical faults. The switch can be, fo1
hanical circuit breaker or a power electronic device.

und via an
le one-line

on point of
fault ride-
same time
pction of Z;
ned and the

he required
impedance

report. The
he nominal

ection of Z,
example, a
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