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Foreword

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 carried out
through ISO technical committees. Each member body interested in a subject for which 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 matters of
electrotechnical standardization.
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Scope
part of ISO 8528 defines terms and specifies design and performance criteria‘arisin

bination of a Reciprocating Internal Combustion (RIC) engine and an Alternating Ci
rator when operating as a unit.

on aircraft or to propel land vehicles and locomotives.

g out of the
irrent (a.c.)

plies to a.c. generating sets driven by RIC engines for land and marine.use, excluding generating sets

some specific applications (e.g. essential hospital supplies anid high-rise buildings) supplementary

irements can be necessary. The provisions of this part of1SO'8528 are a basis for estal
lementary requirements.

fenerating sets driven by other reciprocating-type prinie movers (e.g. steam engines), th
is part of ISO 8528 can be used as a basis for establishing these requirements.

Normative references

following documents, in whole or in part, are normatively referenced in this docum
pensable for its application. For:ddated references, only the edition cited applies. B
ences, the latest edition of the reférenced document (including any amendments) appli

046-5:2001, Reciprocating-fnternal combustion engines — Performance — Part 5: Torsion

B528-1:2005, Reciprocating internal combustion engine driven alternating current gener(
1: Application, ratings.and performance

B528-3:2005, Reciprocating internal combustion engine driven alternating current generd
3: Alternating.current generators for generating sets

b0034-1:2004, Rotating electrical machines — Part 1: Rating and performance

Symbols, terms and definitions

plishing any

b provisions

ent and are
or undated
bS.

ql vibrations

iting sets —

iting sets —

For indications of technical data for electrical equipment, IEC uses the term “rated” and the subscript
“N”. For indications of technical data for mechanical equipment, ISO uses the term “declared” and the
subscript “r”. Therefore, in this part of ISO 8528, the term “rated” is applied only to electrical items.
Otherwise, the term “declared” is used throughout.

An explanation of the symbols and abbreviations used in this International Standard are shown in Table 1.
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Table 1 — Symbols, terms and definitions

Symbol |[Term Unit Definition
f Frequency Hz |—
fd,max Maximum transient frequency rise (over- Hz |Maximum frequency which occurs on
shoot frequency) sudden change from a higher to a lower
power.
The symbol is different from that given in
ISO 3046-4:2009.
fd,min Maximum transient frequency drop (under- Hz |Minimum frequency which occurs on
shoot frequency) sudden change from a lower to a highelr
power.
The symbol is different from,that given in
ISO 3046-4:2000.
fdo? Operating frequency of overfrequency limit- | Hz |The frequency at which, for'a given setjting
ing device frequency, the overfrequency limiting
device starts to opexate.
fds Setting frequency of overfrequency limiting Hz |The frequency‘ofthe generating set, the
device exceeding ofwhich activates the overffe-
quency limniting device.
In pragtice, instead of the value for the
setting frequency, the value for the pef-
missible overfrequency is stated (also see
Table 1 of ISO 8528-2:2005).
fi No-load frequency Hz> |—
fir Rated no-load frequency Hz |—
fmaxP Maximum permissible frequency Hz |A frequency specified by the generating
set manufacturer which lies a safe amgunt
below the frequency limit (see Table 1 jof
[SO 8528-2:2005)
fr Declared frequency (rated frequency) Hz |—
fi,max Maximum no-load frequency Hz |—
fi,min Minimum no-load frequency Hz |—
farb Frequency at actualpower Hz |—
A Width of frequendy oscillation Hz |—
f
\'
Ix Sustained short-circuit current A —
t Time S —
ta Total stopping time S Time interval from the stop command
until the generating set has come to a com-
plete stop and is given by:
ta = t] + tc + td
ty Load pick-up readiness time S Time interval from the start command

until ready for supplying an agreed power,
taking into account a given frequency and
voltage tolerance and is given by:

tbztp+tg

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of

the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the

generating set can sustain without risk of damage.
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Table 1 (continued)

ISO 8528-

5:2013(E)

Symbol

Term

Unit

Definition

te

Off-load run-on time

S

Time interval from the removal of the
load until generating set off signal is given
to the generating set. Also known as the

“cooling run-on time”.

td

Run-down time

Time from the generating set off signal

to when the generating set has
complete stop.

come toa

] aad 1 P :
Fimre-intervatfromstartecommand until

te

1 i -l A3
LuUdaua lJlLI\ uy CIIIc

the agreed load is connected’a
by:

teztp"‘tg"'ts

hd is given

tfde

Frequency recovery time after load decrease

The time interval between the
from the steady-state frequen
after a sudden specified load d|
the permdneént re-entry of the
into the specified steady-state
tolerance band (see Figure 4).

departure
y band
ecrease and
frequency
frequency

tf,in

Frequency recovery time after load increase

Thle time interval between the
from the steady-state frequen

departure
y band

after a sudden specified load ipcrease and

the permanent re-entry of the
into the specified steady-state
tolerance band (see Figure 4).

frequency
frequency

Total run-up time

Time interval from the beginn
cranking until ready for supply
agreed power, taking into acco
frequency and voltage toleran

ing of

ring an

unt a given
e.

th

Run-up time

Time interval from the beginn
cranking until the declared sp
reached for the first time.

ing of
bed is

ti

On-load run-on time

Time interval from a stop com
given until the load is disconng
matic sets).

mand being
cted (auto-

Start prepdration time

Time interval from the start cd
until the beginning of cranking

mmand

y
b+

ts

Loadswitching time

Time from readiness to take uj
load until this load is connecte

b an agreed
d.

tu

Interruption time

Time interval from the appear
criteria initiating a start until
load is connected and is given

hnce of the
he agreed

by':

tu:tv+tp+tg+ts
=tv+te

This time shall be particularly

taken into

account for automatically started generat-

ing sets (see Clause 11).

Recovery time (ISO 8528-12:1997) is a

particular case of interruption

time.

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the
generating set can sustain without risk of damage.

© IS0 2013 - All rights reserved
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Table 1 (continued)

Symbol

Term

Unit

Definition

tu,de

Voltage recovery time after load decrease

S

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 (see Figure 5).

tu,in

Voltage recovery time after load increase

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 (see Figure 5).

ty

Start delay time

Time interval from the appearance of the
criteria initiating a start to the startin
command (particularly fox’automati-

cally started generating\units). This ti
does not depend on the applied genera
ing set. The exactvalue of this time is the
responsibility efand is determined by
the customerior, if required, by special
requirements of legislative authorities,
For example, this time is provided to apoid
starting'in case of a very short mains
failure.

g

=
)

tz

Cranking time

Time interval from the beginning of
cranking until the firing speed of the
engine is reached.

to

Pre-lubricating time

Time required for some engines to ensure
that oil pressure is established before fhe
beginning of cranking. This time is usyally
zero for small generating sets, which nfor-
mally do not require pre-lubrication.

vE

Rate of change of frequency setting

Rate of change of frequency setting under
remote control expressed as a percenthge
of related range of frequency setting per
second and is given by:

— (fi,max _fi,min)/fr
t

Vs x100

Vu

Rate of change of voltage setting

Rate of change of voltage setting undey
remote control expressed as a percentpge
of the related range of voltage setting per
second and is given by:

_ (Us,up _Us,do)/Ur o

Vo 100

U

t

Us,do

Downward adjustable voltage

\'

Us,up

Upward adjustable voltage

\'

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the
generating set can sustain without risk of damage.

© ISO 2013 - All rights reserved
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Table 1 (continued)

ISO 8528-

5:2013(E)

Symbol

Term

Unit

Definition

Ur

Rated voltage

\Y

Line-to-line voltage at the terminals of the

generator at rated frequency a
output.

Rated voltage is the voltage assigned by
the manufacturer for operating and per-

formance characteristics.

nd at rated

Urec

Recovery voltage

Maximum obtainable steady-state voltage

£ W I | 1 e
10T a5 PTLIITCU TUAU CUTTUTLIUITL

Recovery voltage is normally ¢
a percentage of the rated\wolta
mally lies within thesteady-st
tolerance band (AY)¢For loads
the rated load, recovery voltag

by saturatiomand exciter/regullator field

forcing capability (see Figure J

xpressed as
ge. [t nor-
hte voltage
in excess of
e is limited

).

Set voltage

Line-to<line voltage for defined
selected by adjustment.

| operation

Ust,max

Maximum steady-state voltage

Maximum voltage under stead
ditions at rated frequency for g
between no-load and rated out
specified power factor, taking
the influence of temperature r

y-state con-
1l powers
put and at
nto account
se.

Ust,min

Minimum steady-state voltage

Minimum voltage under steady
ditions at rated frequency for §
between no-load and rated out
specified power factor, taking
the influence of temperature r

/-state con-
1l powers
put and at
nto account
se.

Uop

No-load voltage

Line-to-line voltage at the ter
generator at rated frequency a

inals of the
d no-load.

Udyr ,max

Maximum upward transient voltage on load
decrease

Maximum voltage which occuy
den change from a higher load
load.

s on a sud-
to a lower

Udyr,min

Minimum dowhward transient voltage on
load increase

Minimum voltage which occur

den change from a lower load to a higher

load.

5 on a sud-

<

Makimum peak value of set voltage

S

mih,s

Minimum peak value of set voltage

U

Average value of the maximum and mini-

Vv

mearrs

mum peak value of set voltage

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the
generating set can sustain without risk of damage.

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=06da8a21d7961b2ec595d8763b02b745

ISO 8528-5:2013(E)

Table 1 (continued)

Symbol |Term Unit Definition
5 Voltage modulation o, |Quasi-periodic voltage variation (peak-to-
mod,s peak) about a steady-state voltage having
typical frequencies below the fundamen-
tal generation frequency, expressed as
a percentage of average peak voltage at
rated frequency and constant speed:
0 Ut
5 mod,s,max mod,s,min
mods — 2 T I x 100
Y mod,s,max " ~ mod,s,min
This is a cyclic or random disturbdnce
which can be caused by regulators, cyglic
irregularity or intermittent lpads.
Flickering lights are a special case of vplt-
age modulation (see Figurés 11 and 12)).
7 Maximum peak of voltage modulation V  |Quasi-periodic maxinium voltage varig-
mod,s,max tion (peak-to-peak)yabout a steady-stafe
voltage
] ) Minimum peak of voltage modulation V  |Quasi-periodic minimum voltage varia-
mod,s,min tion (p€ak-to-peak) about a steady-stafe
voltage

A Width of voltage oscillation \Y o

U

\

Afneg Downward frequency deviation from linear Hz |—

curve

Afpos Upward frequency deviation from linear Hz |—

curve

Af Steady-state frequency tolerance band The agreed frequency band about the
steady-state frequency which the fre-
quency reaches within a given governing
period after increase or decrease of the
load.

Afe Maximum frequency deviation from alinear | Hz |The larger value of Afyeg and Afpos that

curve occur between no load and rated load (see
Figure 2)

Afs Range of fréguéncy setting Hz |Therange between the highest and lowest
adjustable no-load frequencies (see Fig-
ure 1) as given by:

Afs = fi,max - fi,min
Afs do RDownward range of freauencv setting Hz Range between the declared no-load fife-
' " T " quency and the lowest adjustable no-load
frequency (see Figure 1) as given by:
Afs,do = fi,r - fi,min
Msup Upward range of frequency setting Hz |Range between the highest adjustable no-

load frequency and the declared no-load
frequency (see Figure 1) as given by:

Afs,up = fi,max - fi,r

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the
generating set can sustain without risk of damage.

6

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=06da8a21d7961b2ec595d8763b02b745

Table 1 (continued)

ISO 8528-

5:2013(E)

Symbol

Term

Unit

Definition

AU

Steady-state voltage tolerance band

\Y

Agreed voltage band about the

steady-

state voltage that the voltage reaches
within a given regulating period after a
specified sudden increase or decrease of

load. Unless otherwise stated i
by:
U

AU =280 g x—1
100

tis given

AUS

Range of voltage setting

Range of maximum possible uwppward and

downward adjustments ofjvolf]
generator terminals at rated f1

age at the
equency,

for all loads between no-load ajnd rated

output and within‘the agreed 1
power factor,as’given by:

AU =AU, +AU

s,do

ange of

AUs, Ho

Downward range of voltage setting

Range between the rated volt

ge and

downiward adjustment of voltdge at the
geénerator terminals at rated frlequency,
for all loads between no-load and rated

output and within the agreed j
power factor as given by:

AUs,do =U, - Us,do

ange of

AUS’ p

Upward range of voltage setting

Range between the rated voltage and

upward adjustment of voltage
erator terminals at rated freqy
loads between no-load and rat
and within the agreed range o
tor as given by:

AU U U

sup — Ysup ~Yr

at the gen-
ency, for all
bd output
power fac-

A6 fie

Frequency/power;characteristic deviation

%

Maximum deviation from a lin
quency/power characteristic c
the power range between no-1
declared power, expressed as §
of rated frequency (see Figure
by:

AS f, :Af—ﬂxwo

r

bar fre-
urve in

ad and
percentage
2) as given

Frequency/power characteristic curve

Curve of steady-state frequend

ies in

the power range between no-load and
declared power, plotted against active
power of generating set (see Figure 2).

ay

Related steady-state voltage tolerance band

%

The tolerance band expressed as a per-

centage of the rated voltage as

OCU=?,—U><100

r

given by:

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the
generating set can sustain without risk of damage.
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https://standardsiso.com/api/?name=06da8a21d7961b2ec595d8763b02b745

ISO 8528-5:2013(E)

Table 1 (continued)

Symbol |Term Unit Definition
as Related frequency tolerance band 9% |This tolerance band expressed as a per-
centage of the rated frequency as given by:
A
o = —f x100
r
Pt Steady-state frequency band % A

f

Envelope width oscillation ¥ of generat-

ing set frequency at constant power
around a mean value, expressed as'a
percentage of rated frequency as'giver] by:

A

f
Br =—%-x100
fr
The maximum, valiie of f occurring infthe
range betweén 20 % power and declarjed
power shall be stated.

For powers below 20 %, the steady-stdte
frequency band can show higher values
(seeFigure 3), but shall allow synchroni-

zation.
Sf; Transient frequency deviation (from initial 04~ Temporary frequency deviation between
d frequency) on load increase (-) related to undershoot frequency and initial fre-
initial frequency quency during the governing process fpl-

lowing a sudden load increase, related|to
initial frequency, expressed as a percent-
age as given by:

afd — fd,min _farb %100

arb
A minus sign relates to an undershoot
after a load increase, and a plus sign td an
overshoot after a load decrease.

Transient frequency deviation shall bejin
the allowable consumer frequency tolg
ance.

—

a  For a givén generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfreqyency protection system.

b The freqfiency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator ¢f the
generating seft can'sustain without risk of damage.

8 © IS0 2013 - All rights reserved
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Table 1 (continued)

ISO 8528-

5:2013(E)

Symbol

Term

Unit

Definition

Sfd

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

%

Temporary frequency deviatio

overshoot frequency and initial frequency
during the governing process following
a sudden load decrease, related to initial

frequency, expressed as a perc
given by:

6fci+ _ fd,max _farb %100

n between

entage as

Jarb
A minus sign relates to an und
after aload increase, and a plu
overshoot after a load deereas

Transient frequency’deviation
the allowable constimer freque
ance.

brshoot
5 sign to an

h

shall be in
ncy toler-

S fapn

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

%

Temporary frequency deviatio
undershgot (or overshoot) freg
initiakfrequency during the go|
process following a sudden loal
related to rated frequency, exp
percentage as given by:

5fd_yn _ fd,mm farb %10

fr
Transient frequency deviation
the allowable consumer freque
tolerance.

A minus sign relates to an und
after aload increase, and a plu
overshoot after a load decreas

n between
uency and
verning

d change,
ressed as a

0

shall be in
ncy

brshoot
5 sign to an

h

5f(i+m

Transient frequency deviation (from initial
frequency) on load decrease (+) related to
rated frequency

%

Temporary frequency deviatio
overshoot frequency and initig

during the governing process following

a sudden load change, related
frequency, expressed as a perc|
given by:

5fd-§7n _ fd,max farb %100
fr

Transient frequency deviation

the allowable consumer freque

tolerance.

A minus sign relates to an und

n between
| frequency

o rated
entage as

shall be in
ncy

brshoot

after aload increase, and a plus sign to an
overshoot after a load decrease.

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the
generating set can sustain without risk of damage.

© IS0 2013 - All rights reserved
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Table 1 (continued)

Symbol

Term

Unit

Definition

ou dyn

Transient voltage deviation on load increase

%

Transient voltage deviation on load
increase is the voltage drop when the
generator, driven at rated frequency and
at rated voltage under normal excita-

tion control, is switched onto rated load,
expressed as a percentage of rated voltage
as given by:

Udvn min — Ur

00 gyn = <100
r
Transient voltage deviation shallbe in|the

allowable consumer voltage tolerance.

A minus sign relates to anfandershoot
after a load increase, and|a plus sign td an
overshoot after a load-decrease.

U dyn

Transient voltage deviation on load decrease

%

Transient voltage(deviation on load

decrease is the.voltage rise when the
generator, driven at rated frequency and
at rated yoltage under normal excitatipn
control has a sudden rejection of rateq
loadsexpressed as a percentage of rategd
voltage as given by:

U -U
8Ugym _ _dynmax — “r 400

r
Transient voltage deviation shall be in|the
allowable consumer voltage tolerance.

A minus sign relates to an undershoot
after a load increase, and a plus sign td an
overshoot after a load decrease.

6 fs

Related range of frequency setting

%

Range of frequency setting, expressed|as a
percentage of rated frequency as giver] by:

5fs _ fi,max _fi,min %100

r

é‘fs,do

Related downward range of frequency set-
ting

%

Range of downward frequency setting]
expressed as a percentage of the rated
frequency as given by:

5fs,do _ fi,r _ffi,min %100

r

6 fs,up

Related upward range of frequency setting

%

Range of upward frequency setting

expressed as a percentage of the rated
frequency as given by:

& foup= Jimax ~fix i'ma;_ fir 100

r

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the
generating set can sustain without risk of damage.

10
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Table 1 (continued)

ISO 8528-

5:2013(E)

Symbol

Term

Unit

Definition

6 fst

Frequency droop

%

Frequency difference between

load frequency and the rated frequency f;
at declared power expressed as a percent-

age of rated frequency at fixed

setting (see Figure 1) as given by:

5fs =%x100

r

rated no-

frequency

8qc(

Grade of quadrature-current compensation
droop

S5

Cyclic irregularity

5flir

Overfrequency setting ratio

%

Difference between.the setting
of the overfrequehcy limiting ¢
the rated frequency divided by
frequencyyexpressed as a perg
given by:

8 fim :—def_ Jr 100

r

frequency
levice and
the rated
entage as

6US

Steady-state voltage deviation

%

Maximum deviation from the {
under steady-state conditions
frequency for all powers betw
and rated output and at specif
factor, taking into account the
temperature rise. The steady-s
deviation is expressed as a per]
the rated voltage as given by:

U

st,min

SU. =+ Ust,max -
st — 2U

r

et voltage
at rated

ben no-load
ed power
nfluence of
tate voltage
centage of

<100

5US

Related range of voltage setting

%

Range of voltage setting expre
percentage of the rated voltagg
by:

su. = Msup + WUy o

x1
s U

r

ksed as a
as given

DO

6US

do

Reldted downward range of voltage setting

%

Downward range of voltage se

expressed as a percentage of the rated

voltage as given by:

tting

Ur—Uggq
8Us 4o :%xmo

T

a  For a given generating set the operating frequency depends on the total inertia of the generating set and the design of
the overfrequency protection system.

b The frequency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine and generator of the
generating set can sustain without risk of damage.

© IS0 2013 - All rights reserved
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Table 1 (continued)

Symbol |Term Unit Definition
8 Usup Related upward range of voltage setting % |Upward range of voltage setting expressed
as a percentage of the rated voltage as
given by:

Ugyp —U
8U %xmo

s,up —
r

6 Uz Voltage unbalance %  |Ratio of the negative-sequence or the
Zero-seqtenee-voltage-componentsteothe
positive-sequence voltage componentq at
no-load. Voltage unbalance is expressed as
a percentage of rated voltage.

a  For a givén generating set the operating frequency depends on the total inertia of the generating set,and the design of
the overfreqyency protection system.

b The freqgiency limit (see Figure 3 of ISO 8528-2:2005) is the calculated frequency which the engine’and generator ¢f the
generating seft can sustain without risk of damage.

A
fl,max
A
L]
>
W
< fi,r 1
5
K I
&
S~
) 2
3 fr,mln
-
S
)
=)

100 P, %
Key
P  Power
f  Frequenfcy
1  Frequency/power characteristic curve
2 Power limit{the power limit of the generating set depends upon the power limit of the RIC engine (e.g. ful

stop power) taking into account the efficiency of the a.c. generator)

j8)

Upward frequency setting range
Downward frequency setting range
¢ Range of frequency setting

Figure 1 — Frequency / power characteristic, range of frequency setting
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S 2 1
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t ©
3 &
fl_r ~
<
fa T
e
P, 100 P, %
Key
P Power
f Frequency
1 Linear frequency/power characteristic curve
2 Frequency/power characteristic curve

a  Frequency/power characteristic deviation
Figure 2 — Frequency/power characteristic, deviation from the linear curve
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Key
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Figure 3 — Steady-state frequency band
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Figure 4 — Dynamicfrequency behaviour
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Figure 5 — Transient voltage characteristics without quadrature-current compensation
voltage droop

4 Pther regulations and additional requirements

For a.c. generating sets used.on board ships and offshore installations which have to comply with rules
of a|classification society, the’additional requirements of the classification society shall be observed.
The [lassification societyxname shall be stated by the customer prior to placing of the order

For a.c. generating sets operating in non-classified equipment, any additional requirementd are subject
to agreement betWeén the manufacturer and customer.

Ifspgcialreq@iivements from any otherregulatoryauthority (e.g.inspectingand/orlegislative puthorities)
havd to be.met, the authority name shall be stated by the customer prior to placing the order.

Any jpdditional requirements shall be subject to agreement between the manufacturer and ¢ustomer.

5 Frequency characteristics

5.1 General

The generating set steady-state frequency characteristics depend mainly on the performance of the
engine speed governor.

The dynamic frequency characteristics, i.e. the response to load changes, depend on the combined
behaviour of all the system components (e.g. the engine torque characteristics, including type of
turbocharging system, the characteristics of the load, the inertia’s and the damping (see Table 1) and
thus on the individual design of all the relevant components. The dynamic frequency behaviour of the
generating set can be related directly to the generator speed.
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Terms, symbols and definitions related to frequency characteristics are given in Table 1 (see Figures 1,
2,3 and 4).

6 Overfrequency characteristics

The terms, symbols and definitions related to overfrequency characteristics are given in Table 1.

7 Voltage characteristics

set voltage characteristics are dete ed ma by the erent design of the a.c.
dnd the performance of the automatic voltage regulator. Both the steady-state dn¢ the
transient frequency characteristics can also influence the generator voltage (see Figure 5).

Terms, sympols and definitions related to voltage characteristics are given in Table 1.

8 Sustained short-circuit current

The sustained short-circuit current, Iy, which can be important to current-operated protective devfices,
can well be[lower in service than the “ideal” value specified by the generater manufacturer for a fault
at the generator terminals. The actual value will be influenced by the €ircuit impedance between the
generator apd the location of the fault (also see 10.3 of ISO 8528-3:2005).

9 Factors affecting generating set performance

9.1 Gendral

The frequercy and voltage performance of a generating set depends on the characteristics of component
parts of the|generating set.

9.2 Power

Among other factors with respect to-the power, the following are particularly relevant and shall be
considered when “sizing” the generating set and switchgear:

a) application;

b) power yequirements of.the connected load;

c) load power factor;

d) starting characteristics of any connected electrical motors;

e) diversityfactor of the connected load;

f) intermittent loads; and
g) effect of nonlinear loads.

Consideration shall be given to the profile of the connected load in “sizing” the RIC engine and generator,
as well as the switchgear.

9.3 Frequency and voltage

The effect on the transient frequency and voltage characteristics of the generating set to a sudden load
change depends on such influences as the following:

a) the turbo-charging system of the RIC engine;
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g)

ISO 8528-

brake mean effective pressure, ppe, of the RIC engine at declared power;
speed governor behaviour;

a.c. generator design;

a.c. generator excitation system characteristics;

voltage regulator behaviour;

rotational inertia of the whole generating set.

5:2013(E)

In orfder to establish the frequency and voltage characteristics of the generating set due to foad
necejssary to determine maximum switched-on or switched-offloads given by the connectediloag

9.4

Sinc
load

Load acceptance

b it is practically impossible to quantify all influences on the generating-set response
ng, reference values for load application are given based on the permissible drop in f

highler brake mean effective pressure, pme, usually makes loading in several steps necessar

and
dies

The

7 show reference values for suddenly applied load steps depending on pmye at declare
] engines.

response behaviour of gas engines is quite different to the)response behaviour of die

becquse of completely different combustion phenomena. Thé procedure of dynamic load

deci

The

a)
b)
‘)
d)
e)
f)

Ifne

led by mutual agreement between the customer and the manufacturer.
time intervals between the application of consecutive load steps depend on:
the swept volume of the RIC engine;

the RIC engine brake mean effective pressure;

the RIC engine turbo-charging system installed;

Lhe type of RIC engine governor inistalled;

the installed voltage regufator characteristics; and

Lhe rotational inertia’of the complete generating set /RIC engine combination.

Critgria for establishing the required minimum rotational inertia are:

g)
h)

i)

the permitted drop in frequency;

the“eyclic irregularity; and

thanges, it is
equipment.

to dynamic
requency. A

y. Figures 6
H power for

sel engines
ng shall be

ressary, these timeintervals shall be agreed between the generating set manufacturerand the customer.

I appropriate, the behaviour In case of parallel operation.

© IS0 2013 - All rights reserved

17


https://standardsiso.com/api/?name=06da8a21d7961b2ec595d8763b02b745

ISO 8528-5:2013(E)

100 \ | -
20
M
80
\\ T
70
\ ™~
&0
¥ 50 \\\ P .
o
\_ -""'h-._
20 ’E—____
—1st power stage _“-“- _—
20 ===2nd power stage P
3rd power stage P——— ]
20 4th power stage =
—5th power stage
10
0
500 1000 1500 2000 2500 2000 3500
Pme, kPa

Key
Pme declared

Ul oA W N R

first pover stage
second power stage
third pojver stage
fourth ppwer range
fifth power range

power mean effective pressure
power imcrease referred to declared power at site conditions

Figure 6|— Reference values for maximuin possible sudden power increases as a function [of

brake mean effective pressure, pme, at declared power (four-stroke engines)

For decisio making purposes, the@ctual power acceptance behaviour of the engine to be used shiould

be considergd (see ISO 3046-4:2009).
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1  first power stage
2 pecond power stage
3 third power stage
Fipure 7 — Reference values for maximumpossible sudden power increases as a furction of
brake mean effective pressure, pme, at declared power (two-stroke high-speed engines)
For glecision making purposes, the actpial power acceptance behaviour of the engine to be fised should
be cpnsidered (see ISO 3046-4:2009).
10 LCyclic irregularity
The [cyclic irregularity.é4 is the periodic fluctuation of speed caused by the rotational irrggularity of
the prime mover. It-is’the ratio of the difference between the maximum and minimum angylar velocity
to the mean angularvelocity at the generator shaft at any constant load. In the case of singlg operation,
the ¢yclic irregutarity takes effect in a corresponding modulation in generator voltage and fis therefore
determined by/measuring the variation in generated voltage and is given by:
2y _ max,s " Y mins
i Umean,s

NOTE1 Itispossibletoalterthe cyclicirregularity of rotational speed at the generator relative to the measured
value of the cyclic irregularity at the internal combustion engine by installing a resilient coupling between the
internal combustion engine and the generator and/or by modifying the mass moment of inertia.

NOTE 2  Special consideration is to be given for generating sets working in parallel with low-speed (100 min-1
to 180 min-1) compression ignition (diesel) engine sets in order to avoid resonance between engine torque
irregularity and electromechanical frequency oscillation of the set (see Clause 11 of ISO 8528-3:2005)
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11 Starting characteristics

The starting characteristics depend on several factors, e.g.:

ambient air temperature;

ature of the RIC engine;

starting air pressure;

battery condition;

Dsity;

fuel quality; and

state of/ the starting equipment.

a)
b) temper
c)
d) starter
e) oilvisc
f) totalin
g)
h)
Theyare su

Terms, sym|

20

ertia of the generating set;

bols and definitions related to starting characteristics are givepiin Table 1.

bject to agreement between the customer and the generating set manufacturer (see Figuie 8).
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[ime
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starting pulse
Firing speed
yoltage curve
frequency curve

Figure 8 — Starting characteristics

12 Stop time characteristics

~Y

Terms, symbols and definitions related to the stop time characteristics are given in Table 1 (see Figure 9).
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Figure 9 — Stopping characteristics

13 Parallel operation
13.1 Active power sharing

13.1.1 Facfors influencingactive power sharing
Active power sharing (see Figure 10) can be influenced by any one or more of the following:

a) the spepd governor droop characteristic;

b) the dynamic behaviour of the RIC engine and its speed governor;

c) the dynamic behaviour of the coupling;

d) the dynamic behaviour of the a.c. generator taking into account the characteristics of the network
or the consumer’s equipment;

e) the automatic voltage regulator characteristics.
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Figure 10 — Power sharing in parallel running

13.1.2 Calculation method

The |difference, AP;, expressed as the\percentage between the proportion of power sup
indiyidual generating set and the proportion of the total power supplied by all generating
freqpency characteristic, is given'by:

plied by an
bets at ideal

_ A
, 3
AP =| - =L 21100
i
2P
L =1
where
n is the number of parallel-operating generating sets;
i is the index for identifying the individual generating set which is considered within the
group of all parallel-operating generating sets;
P;  isthe partial active power of the individual generating set considered;

Pri istherated active power of the individual generating set considered;
IPj isthe sum of the partial active power of all parallel-operating generating sets;

IPy,j is the sum of the rated active power of all parallel-operating generating sets.

If optimum active power sharing is achieved at the total rated active power, then the maximum deviation
in active power sharing for a particular generating set, in the active power range from 20 % to 100 % ofits

© IS0 2013 - All rights reserved

23


https://standardsiso.com/api/?name=06da8a21d7961b2ec595d8763b02b745

ISO 8528-5:2013(E)

rated active power, will occur when the engine speed governor settings remain unchanged. If automatic
active power sharing systems are employed, active power deviation can be reduced, compared with the
values obtained through the engine speed governor characteristics alone. In order to avoid a motoring
operation in the event of power deviations between generating sets operating in parallel, appropriate
precautions, for example reverse power relays, are required.

13.1.3 Examples of active power sharing

The examples shown in Table 2 are worked assuming a value of cos ¢ = 0,8.

of sudden loa

Fable 2—Examples-ofactive powersharing—————————————————
n
Related 11 Partial 11 P z Pj
: =1
power zpr,j power ZP]' Pip==— | P p= L AP;
Example || Genset P.: -1 2 -1 P ' &
I,i Jj= i J= ’ ZP .
rj
j=1
kw kW kw kw % % %
1 400 275 6847 -6,3
1 2 400 1200 300 900 75 75 D
3 400 325 81,3 +6,
1 400 335 83,7 +8,7
2 2 300 900 210 675 70 75 -5
3 200 130 65 - L0
NOTE Powjer deviation resulting from constant hunting is included in the tolerances for active power sharing. In the g¢vent

i changes, the values for constant deviation andhunting in active power sharing may be temporarily exce¢ded.

13.2 Reac

13.2.1 Fac
Reactive po
a) thegra
b) wheth¢g
c) theaut

d) theaut

tive power sharing

fors influencing reactive. power sharing

r stabilizatiof by equalizer links is present;

bmatic voltage regulator characteristic.

bmaticreactive power sharing control characteristic;

wer sharing can be ififluenced by any one or more of the following:

e of the quadrature-current compensation voltage droop (6qcc);

24
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13.2.2 Calculation method

The difference, AQ;, expressed as the percentage between the proportion of reactive power supplied by
an individual generating set and the proportion of the total reactive power supplied by all the generating
sets at ideal voltage droop characteristic, is given by:

2.0
j=1

Qi _

AQ; =| =+ —-—"—1|x100
Qi <
er‘i
=t
where
n is the number of parallel-operating generating sets;

is the index for identifying the individual generating set which is cgnsidered withiin the
group of all parallel-operating generating sets;

);  is the partial reactive power of the individual generating setsZconsidered;
)i is the rated reactive power of the individual generating set considered;
b.()j  is the sum of the partial reactive power of all parallél-operating generating sets;

.(0r,j is the sum of the rated reactive power of all parallel-operating generating sets.

If odtimum reactive power sharing is achieved afithe total rated reactive power, then th¢ maximum
deviption in reactive power sharing for a particular generating set, in the reactive power|range from
20 % to 100 % of its rated reactive power, will occur when the voltage control reference vallue settings
remgin unchanged. Exact reactive power sharing is made possible, for example, by:

a) rhe grade of the quadrature-curfent compensation voltage droop;
b) whether stabilization equalizer links are present;

c) the automatic reactive power sharing control characteristic.

13.2.3 Examples of reactive power sharing

The pxamples shown in Table 3 are worked assuming a value of cos ¢ = 0,8.
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Table 3 — Examples of reactive power sharing

n
Rated n Partial n 0 Z Q Ji
reactive _ | reactive L X j=1
ower ZQW ower ZQ} Q .><100 n *100 AQi
Example | Genset | P = p = r,i
Qri Qi ZQF, j
j=1
kvar kvar kvar kvar % % %
1 300 206 68,7 6,3
1 2 300 900 225 675 75 75 D
3 300 244 81,3 +6,3
1 300 251 83,7 + 8,7
2 2 225 675 158 507 70,2 75 -14,8
3 150 98 65,3 -p,7

NOTE IntHe event of sudden power changes, the permissible values for constant deviation @nd hunting in reactive ppwer
sharing can be temporarily exceeded.

13.3 Influence on parallel-operating behaviour

The followihg can have influence on parallel-running behaviour:

a) the spepd governor droop characteristic;

b) the dynjamic behaviour of the RIC engine and its speed governor;
c) the dyramic behaviour of the coupling;

d) the dypamic behaviour of the a.c. generator, taking into account the relevant reaction of the
connecfed mains or the other parallel-operating generators;

e) the autpmatic voltage regulator characteristic;

f) the grgde of quadrature-current compensation voltage droop (8qcc) of the Automatic Voltage
Regulator (AVR).

14 Rating plates

Generating sets shall bear the following rating plates:

a) Generatingsetrating plate. This shall give at least the following information:
1) thelwords“GeneratingsetlSO8528%;

2) the manufacturer’s name or mark;

3) the set serial number;
4) the set year of manufacture;

5) the rated power (kW) with one of the prefixes COP, PRP, LTP or ESP in accordance with the
requirements of Clause 13 of ISO 8528-1:2005;

6) the set performance class in accordance with the requirements of Clause 7 of [ISO 8528-1:2005;

7) the rated power factor;
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8) the setrated frequency (Hz);
9) the setrated voltage (V);
10) the setrated current (A);
11) the mass (kg).
b) Rating plate for the RIC engine;

c) Rating plate for generators, in accordance with IEC 60034-1:2004 and Clause 14 of ISO 8528-3:2005;

d) Rating plate for switchgear, where the switchgear is an integral part ot the generating get.
NOTE1  Figure 13 shows an example of a rating plate for a generating set.
NOTE 2  With units rated at less than 10 kW, the information can be combined on a singlerating plate.

NOTE3 Information related to the maximum side altitude above sea level (m) an@-thie maximum|site ambient
templerature (C°) are not relevant for the rating plate but can be made available in‘datechnical docunpentation.

SRARLARARAAR

Figyre 11 —<Sinusoidal voltage modulation of an amplitude a1 and a regular frequency of 10 Hz
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General set

Manufacturer —

Serial No. —

Year of manufacture —

Rated power [ ] kW

Rated power factor —

Maximum site altitude of m
installation

Maximum ambient °C
temperature

Rated frequency Hz
Rated voltage V
Rated current A
Mass kg

Performance class —

{ Space for indicating the power output category (see ISO 8528-1:2005) selected from:
COP|— Continuous Operating Power;

PRP|— Prime Power;
LTP{— Limited Time running Power;

ESP[— Emergency Standby-Rower

Figure 13 = Example of an RIC engine driven generating set rating plate

15 Furtherfactors influencing generating set performance

15.1 Starting methods

Depending on the size, design and application of the generating set, different starting methods, according
to energy source, are used e.g.:

a) mechanical (e.g. crank);
b) electrical (e.g. electric starting motor);

c) pneumatic (e.g. compressed air introduced to the RIC engine cylinders or pneumatic starting motor).
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