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Forewor

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparinf International Standards is normally carried out through ISO
technical gommittees. Each member body interested in a subject for
which a tethnical committee has been established has the right to be
representefl on that committee. International organizations, govern-
mental and non-governmental, in liaison with I1SO, also take part in the
work. I1SO [collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees ape
circulated fo the member bodies for voting. Publication as an inter-
national Sfandard requires approval by at least 75 % of the member
bodies casfing a vote.
Internationpl Standard ISO 8528-5 was prepared by Technical Committee
ISO/TC 70,|internal combustion engines, Sub-Committee/SC 2, Perform-
ance and tests.
ISO 8528 [consists of the following parts, under the general title
Reciprocating internal combustion engine driven alternating current
generating|sets:

— Part 1: Application, ratings and performance

— Part 2: Engines

— Part 3: Alternating currént'generators for generating sets

— Part 4: Controlgeanand switchgear

— Part §: Generating sets

— Part §: Test methods
— Part I Technical declarations for Specification ana design

— Part 8: Low-power general-purpose generating sets

— Part 9: Measurement and evaluation of mechanical vibration
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— Part 10: Measurement of airborne noise — Enveloping surface
method

— Part 11: Security generating sets with uninterruptible power sys-
tems

Parts 7, 8, 9 and 10 are in course of preparation. Part 11 is at an early
stage of preparation and may be split into two parts.
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INTERNATIONAL STANDARD 1ISO 8528-5:1993(E)

Reciprocating internal combustion engine driven alternating
curre ing sets —

Part $:
Generating sets

1 Scope

This parf of 1ISO 8528 defines terms and specifies design criteria arising out of the combination pf a recipro-
cating infernal combustion (RIC) engine and an alternating current (a.c.) generator when operating as a unit.

It applieq to a.c. generating sets driven by RIC engines for land and marine use, excluding generatipg sets used
on aircht or to propel land vehicles and locomotives.

For som¢ specific applications (for example, essential-hospital supplies, high-rise buildings, etc.)|supplemen-
tary requirements may be necessary. The provisions of this part of ISO 8528 should be regarded gs a basis.

For gengrating sets driven by other reciprocating-type prime movers (e.g. sewage gas engineg, steam en-
gines), the provisions of this part of ISO 8528 should be used as a basis.

2 Normative references

part of I$O 8528. At-the time of publication, the editions indicated were valid. All standards are qubject to re-

The following standards.contain provisions which, through reference in this text, constitute provi{ions of this
vision, ahd parties 10 agreements based on this part of ISO 8528 are encouraged to investigate the possibility

of applying thesmost recent editions of the standards indicated below. Members of IEC and ISO rpaintain reg-
isters of [currently valid International Standards.

efning.
ISO 3046-5:1978, Reciprocating internal combustion engines — Performance — Part 5. Torsional vibrations.

ISO 8528-1:1993, Reciprocating internal combustion engine driven alternating current generating sets — Part 1:
Application, ratings and performance.

ISO 8528-2:1993, Reciprocating internal combustion engine driven alternating current generating sets — Part 2:
Engines.

ISO 8528-3:1993, Reciprocating internal combustion engine driven alternating current generating sets — Part 3:
Alternating current generators for generating sets.

IEC 34-1:1983, Rotating electrical machines — Part 1. Rating and performance.
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3 Symbols

NOTE 1  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 through-
out.

fa Dynamic frequency (frequency deviation)
Jamax Maximum transient frequency rise

Ja,min Maximum transient frequency drop

Jio Qperating frequency of overfrequency limiting device
Jas Setting frequency of overfrequency limiting device
A No-load frequency

fir Rated no-load frequency

Jmax Maximum permissible frequency

I Declared frequency (rated frequency)

S max Maximum no-load frequency

Sy min Minimum no-load frequency

Jarb Frequency at actual power

Jov Qverload frequency

f idth of frequency oscillation

ka \;I.Astained short-circuit current

t Tjme

t, Tptal stopping time

& Lpad pick-up readiness time

{ Off-load run-on time

ty Run-down time

t Lpad pick-up time

lrde Frequency recovery time after load decrease
tin Frequency recovery time after load increase
& Totabrun-up time

&, Run-up time

L On-load run-on time

[ Start preparation time

t Load switching time

t, Interruption time

ty Voltage recovery time

U de Voltage recovery time after load decrease
tin Voltage recovery time after load increase
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Start delay time

Cranking time

Pre-lubricating time

Rate of change of frequency setting
Rate of change of voltage setting
Downward adjustable voltage

Upward adjustable voltage

ISO 8528-5:1993(E)

Af;,do

Rated voltage

Recovery voltage

Set voltage

Maximum steady-state voltage deviation

Minimum steady-state voltage deviation

No-load voltage

Maximum upward transient voltage on load decrease
Minimum downward transient voltage on load increase
Maximum peak value of set voltage

Minimum peak value of set voltage

Average value of the maximum and minimum peak value of set voltage
Voltage modulation

Maximum peak of voltage modulation

Minimum peak of voltage modulation

Width of voltage oscillation

Downward frequengy, déviation from linear curve
Upward frequeney-deviation from linear curve
Steady-state\frequency tolerance band

Frequency deviation from a linear curve

Range of frequency setting

Downward range of frequency setting

A sup
AU

AU
AU 40
AU
Adfy

Gy

Upward range of frequency setting
Steady-state voltage tolerance band
Range of voltage setting

Downward range of voltage setting
Upward range of voltage setting
Frequency/power characteristic deviation

Related steady-state voltage tolerance band
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&

By

dfy
dUgyn
fayn
&

/s do
O up
O
5QCC
8
8fjim
dUg
U,
dU; 4o
U yp
U,

Related frequency tolerance band

Steady-state frequency band

Transient frequency difference (from initial frequency) [see 5.3.3]
Transient voltage deviation

Transient frequency deviation (from rated frequency) [see 5.3.4]
Related range of frequency setting

Related downward range of frequency setting

Redlated upward range of frequency setting
Fr¢quency droop

Grpde of quadrature-current compensation droop
Cyclic irregularity

Oerfrequency setting ratio

Steady-state voltage deviation

Related range of voltage setting

Rdlated downward range of voltage setting
Rdlated upward range of voltage setting

Vqltage unbalance

4 Other rggulations and additional requirements

4.1 For a.c.
of a classific
classification

generating sets used on board ships’and offshore installations which have to comply with rules
htion society, the additional requirements of the classification society shall be observed. The
society shall be stated by theicustomer prior to placing of the order.

For a.c. generating sets operating in non-classed equipment, such additional requirements are in each case
subject to agfeement between the manufacturer and customer.

4.2 If specid
orities) have

Any further a

5 Frequency characteristics

| requirements from~regulations of any other authority (e.g. inspecting and/or legislati
o be met, the authority shall be stated by the customer prior to placing of the order.

e auth-

Hditional reguirements shall be subject to agreement between the manufacturer and custpmer.

The 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 (for example on the engine torque characteristics, including type of turbocharging
system, the characteristics of the load, the inertias, the damping, etc.; see 5.3) and thus on the individual design
of all the relevant components. The dynamic frequency behaviour of the generating set may be related directly
to the generator speed.

Terms, symbols and definitions for frequency characteristics are given in 5.1 to 5.3.
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5.1 Steady-state frequency behaviour

ISO 8528-5:1993(E)

quency band

No. Term Symbol Definition
5.1.1 Frequency droop 8t Frequency difference between rated no-load frequency and the rated
frequency f, at declared power expressed as a percentage of rated fre-
quency at fixed frequency setting (see figure 1).
Jie =i
8fy = ——— x 100
fe
5.1.2 Frequency/power — Curve of steady-state frequencies in the power range between no-load
characteristic curve and declared power, plotted against active power of the generating set
(see figure?2).
513 Frequency/power Adf Maximum deviation from a linear frequency/power. charactgristic curve
characteristic devi- in the power range between no-load and declared_power, gxpressed as
ation a percentage of rated frequency (see figure 2):
ASfy = fr x 100
. . . A .
514 Steady-state fre- Bs Envelope width oscillation f of generating set frequency at [constant
v

power around a mean value, ‘expressed as a percentage pf rated fre-
quency:

x 100

}n|<\>

Br=

The maximum value of §; occurring in the range between 20 % power
and declared power shall be stated.

For powers below 20 %, the steady-state frequency banfl may show
higher values (see figure 3), but should allow synchronization.

5.2 Frequency-setting parameters

guency setting

No. Term Symbol Definition
5.2.1 Range of frequency Afy The range between the highest and lowest adjustable [no-load fre-
setting quencies (see figure 1):
Afy =f;,max _fi,min
Related range of fre- A Range of frequency setting, expressed as a percentage pf rated fre-

quency:

5f5 — ﬁ‘max;ﬁ,min % 100
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5.2.2 Rjte of change of
frgquency setting

No. Term Symbol Definition
5.2.1.1 Downward range of Afs do Range between the declared no-load frequency and the lowest adjust-
frequency setting able no-load frequency (see figure 1):
Afs,do = fi,r "'f‘;.min
Related downward 8fs do Range of downward frequency setting expressed as a percentage of the
range of frequency rated frequency:
setting
g = e i 100
r
5.21.2 Upward range of fre- Afsup Range between the highest adjustable no-load frequency(and the de-
quency setting clared no-load frequency (see figure 1):
Afs,up =fi,max _fi,r
Reglated upward &fsup Range of upward frequency setting expressed ‘as a percentage |of the
ra}ge of frequency rated frequency:
sefting
stup — ﬁ,max—ﬁ,r % 100
' I
v Rate of change of frequency.sétting under remote control expresised as

a percentage of related range of frequency setting per second:

vy = (ﬁ,max —tﬁ,min)/fr % 100

5.3 Dynamic frequency behaviour (see figure 4)

8y

No. Term Symbol Definition

5.3.1 Maximum transient Ja.max Maximum frequency which occurs on sudden change from a higher to
frgquency rise (over- a lower power.
shpot frequency) L . .

NOTE — The symbol is different from that given in ISO 3046-4.

53.2 Maximum transient 4. min Minimum frequency which occurs on sudden change from a lower to a

frgquency drop higher power.
{undershoot fre- Lo . .
quency) NOTE — The symbol is different from that given in ISO 3046-4.

533 Transient frequency 3y Temporary frequency difference between undershoot (or ovefshoot)
difference (from in- frequency and initial frequency during the governing process following
itial fréguency) on a sudden load change, related to rated frequency, expressed as|a per-
loadlincrease (—) and centage:

o
respectively oo—
Bf; Sf; - fd,mmf farb % 100
r

Jamax = /[
8f:= d,max arb x

100
fe

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

NOTE — The operating limit values given in 16.6 and 16.7 are valid only
for f,, = f; in the case of increasing load, and for f,,, = f, in the case of
decreasing load.
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No. Term Symbol Definition

534 Transient frequency 8fayn Temporary frequency difference between undershoot (or overshoot)
deviation (from rated frequency and rated frequency during the governing process following
frequency) on load a sudden load change, relative to rated frequency, expressed as a per-
increase (—) and on centage:
load decrease (+), f f
respectivel d,min —

P y 5o ayn = —’“;‘,——L x 100
r
Ja,max = Jr
&ayn & = Lf—'— x 100
Fransientfrequency deviation stattherefore—be—in—the—atipwable con-
sumer frequency tolerance and shall be particularly statéd;
(A minus sign relates to an undershoot after a load increasg, and a plus
sign to an overshoot after a load decrease.)

5.3.5 Frequency recovery U in The time interval between the departure from the steady-state fre-
time quency band after a sudden specified load-change and thg permanent

I, de re-entry of the frequency into the specified steady-state frequency tol-
erance band (see figure 4).

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

Related frequency of This tolerance band usually is expressed as a percentage of the rated
tolerance band frequency:
Af
oa,=—x 100
=
6 Ovlrfrequency characteristics
The terms, symbols and definitions for overfrequency characteristics are given in 6.1 to 6.4.
No. Term Symbol Definition
6.1 Maximum permiss- Tnax A frequency specified by the generating set manufacturer|which lies a
ible frequency!) safe amount below the frequency limit (see also ISO 8528-2:1993, 6.5.1).
6.2 Setting frequency.of Sas The frequency of the generating set, the exceeding of which activates
overfrequency.limit- the overfrequency limiting device.
ing device L
NOTE — In practice, instead of the value for the setting frequency, the
value for the permissible overfrequency is stated| (see also
1ISO 8528-2:1993, 6.5.2).
6.3 Overfrequency set- &fiim Difference between the setting frequency of the overfrequency limiting
ting ratio device and the rated frequency divided by the rated frFquency, ex-
pressedas a percentage:
i = Jos =Je 100
I
6.4 Operating frequency Jio The frequency at which, for a given setting frequency, the overfrequency
of overfrequency lim- limiting device starts to operate.
iting device?)
1) The frequency limit (see also ISO 8528-2:1993, figure 3) is the calculated frequency which the engine and generator
of the generating set may sustain without risk of damage.
2) 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.
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7 Voltage characteristics (see figure 5)

The generating set voltage characteristics are determined mainly by the inherent design of the a.c. generator
and the performance of the automatic voltage regulator. Both the steady-state and the transient frequency
characteristics may also influence the generator voltage.

The terms, symbols and definitions of voltage characteristics are given in 7.1 to 7.3.

7.1 Steady-state voltage behaviour

No. Term Symbol Definition

7141 R3ted voltage U, Line-to-line voltage at the terminals of the generator at rated frequency
and at rated output.

NOTE — Rated voltage is the voltage assigned by the’manufactyrer for
operating and performance characteristics.

7.1.2 Sdt voltage U, Line-to-line voltage for defined operation selected by adjustment

713 Ng-load voltage Uy Line-to-line voltage at the terminals of the-generator at rated frequency
and no-load.

714 Steady-state voltage 8Ug Maximum deviation from the set voltage under steady-state conditions
deviation at rated frequency for all poweérs between no-load and rated output and
at specified power factor, taking into account the influence of tempera-
ture rise. The steady-state'voltage deviation is expressed as a percent-
age of the rated voltage;

Ust,max \~ Ust,min

8Ua=1 30,

x 100

715 Vgltage unbalance 83U, Ratio of the’ negative-sequence or the zero-sequence voltagg com-
ponents.to the positive-sequence voltage components at no-load. Volt-
age unbalance is expressed as a percentage of rated voltage.

7.2 Voltage setting characteristics

No. Term Symbol Definition

7.21 Rgnge of voltage set« AU, Range of maximum possible upward and downward adjustment of volt-
ting age at the generator terminals at rated frequency, for all loads b¢tween

no-load and rated output and within the agreed range of power factor:

AU, = AU, p + AU, 4o

Reglated\range of U, Range of voltage setting expressed as a percentage of the rated volt-
vdltage setting age:

AU, + AU,
SU. = s,up s,do

g 7 x 100
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No. Term Symbol Definition
7.2.2 Downward range of AUq 40 Range between the rated voltage and downward adjustment of voltage
voltage setting at the generator terminals at rated frequency, for all loads between no-
load and rated output and within the agreed range of power factor:
AUs,do =U, - Us,do
Related downward d3Us 4o Downward range of voltage setting expressed as a percentage of the
range of voltage set- rated voltage:
ting
,/f = ,’5 QU
83Ug 40 = ’—-Ur— x 100
7.23 Upward range of AU Range between the rated voltage and upward adjustment ¢f voltage at
voltage setting the generator terminals at rated frequency, for‘all‘loads between no-
load and rated output and within the agreed rande of powef factor:
AUs,up = Usup — Ur
Related upward 8Us up Upward range of voltage setting expressed as a percentage] of the rated
range of voltage set- voltage:
ting
Us,up - Ur
U p = A x(100
724 Rate of change of vy Rate of change of voltage setting under remote control exgressed as a
voltage setting percentage of the'télated range of voltage setting per secopd:
(Usip = Vs U
vy = $,up a s,do r % 100
7.3 Dyhamic voltage behaviour
No. Term Symbol Definition
7.3.1 Maximum upward Ugynmax | Maximum voltage which occurs on a sudden change from 3 higher load
transient voltage on to a lower load.
load decrease
7.3.2 Minimum downward Ugynmin | Minimum voltage which occurs on a sudden change from p lower load
transient yoltage on to a higher load.
load increase
7.33 Transient voltage de- 3 Ugyn Transient voltage deviation on load increase is the voltage drop when
viation on load in- the generator, driven at rated frequency and at rated vpltage under
crease (—) and on normal excitation control, is switched onto rated load, expressed as a
load decrease (+), percentage of rated voltage:
respectively
_ Udyn,min - Ur
3Ugyn = ——Ur x 100 ‘
SU;;,, Transient voltage deviation on load decrease is the voltage rise when

the generator, driven at rated frequency and at rated voltage under
normal excitation control, has a sudden rejection of rated load, ex-
pressed as a percentage of rated voltage:

Udyn,max - Ur
— U x 100

r
If the load change differs from the above defined values, then the
specified values and the associated power factor should be stated.

-+
3 Udyn =
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No. Term Symbol Definition
734 Recovery voltage Ulec Maximum obtainable steady-state voltage for a specified load condition.
NOTE — Recovery voltage is normally expressed as a percentage of the
rated voltage. It normally lies within the steady-state voltage tolerance
band (AU). For loads in excess of the rated load, recovery voltage is
limited by saturation and exciter/regulator field forcing capability (see
figure5).
735 Voltage recovery ty Time interval from the point at which a load change is initiated (z;) until
time the point when the voltage returns to and remains within the specified
ly,in steady-state voltage tolerance band (t,) (see figure 5):
[U. de ty=1t,— 4
7.3.6 Steady-state voltage AU Agreed voltage band about the steady-state voltage‘that the \oltage
tolerance band reaches within a given regulating period after a _specified sudden in-
crease or decrease of load. Unless otherwise stated;
U
AU =28 Ust X #
Rdlated steady-state oy This tolerance band is expressed as d.percentage of the rated vqltage:
vojtage tolerance
banhd AU
oy = —'(—]—r—‘ x 100
7.3.7 Vditage modulation 0 Quasi-periodic voltage ~variation (peak-to-peak) about a steady-state
mod,s

voltage having typical \frequencies below the fundamental geng¢ration
frequency, expressed‘as a percentage of average peak voltage af rated
frequency and constant speed:

>

A

mod,s,max Umod,s,min

Unnors =2 — A x 100

mod,s,max + Umod,s,min

NOTES

1 This is a cyclic or random disturbance which may be caused by reg-
ulators, cyclic irregularity or intermittent loads.

2 Flickering lights are a special case of voltage modulation (see figures
11 and 12).

8 Sustained short-circuit current

The sustained
be lower in s

sHortcircuit current, [, which may be important to current-operated protective devices, npay well
prvice than the “ideal” value specified by the generator manufacturer for a fault at the gg‘

terminals. The actual value will be influenced by the circuit impedance between the generator and the location

of the fault (see also ISO 8528-3:1893, 10.2).

9 Factors affecting generating set performance

The frequency and voltage performance of a generating set depend on the characteristics of the power and the
component parts of the generating set.

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

— application,
— power requirements of the connected load,

10

nerator
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— load power factor,

— starting characteristics of any connected electrical motors,

— diversity factor of the connected load,

— intermittent loads, and
PRy 7 JRP SRRy e [T P

— enect Ul nuti-linear iva

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

well as the switchgear.

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

— the tyirbo-charging system of the RIC engine,

— braké mean effective pressure, p.., of the RIC engine at declared power,
— speef governor behaviour,

— genefator design,

— alterpator excitation system characteristics,

— voltage regulator behaviour, and

— rotat|onal inertia of the whole generating set.

In order{to indicate the frequency and voltage characteristics of the generating set due to load ghanges, it is
necessalry to determine maximum switched-on or switched-off loads given by-the connected load| equipment.

9.3 Sirlce it is really not possible to quantify all influences regarding response to dynamic |loading, rec-
ommended guide values for load application should be given, based'on permissible drop in frequency. A higher
brake mlean effective pressure, p,., usually makes loading in several steps necessary. Figures p and 7 show
guide v3lues for suddenly applied load steps depending on p,-at'declared power. The customer shall therefore
specify any particular load types or any load acceptance the,generating set manufacturer should|consider.

The timgs between consecutive load steps depend on the size of the RIC engine, the brake mean effective
pressurg, the turbo-charging system, the kind of goyérnor, voltage regulator and the rotational |inertia of the
total geFerating set. If necessary, these times shall\be agreed between the generating set manpfacturer and
the cusfomer. Criteria for the required minimum)rotational inertia are the permitted drop in flequency, the
cyclic irfegularity and, if appropriate, the behaviour in case of parallel operation.

10 Cyclic irregularity

The cyclic irregularity 8, is the periodic fluctuation of speed caused by the irregularity of the recigrocating-type
prime mjover. It is the ratio of the difference between the maximum and minimum angular velocity to the mean
angular|velocity at the generator shaft at any constant load. In the case of single operation, the [cyclic irregu-
larity takes effect in a corrésponding modulation in generator voltage and is therefore determineld by measur-
ing the yariation in generated voltage:
N A

Umax.s - Umin,s

A

5, =

Umean,s

NOTES

2 It is possible to alter the cyclic ifregutarity of Totational speedat the generator refative tothe measured value of the
cyclic irregularity at the internal combustion engine by installing a resilient coupling between the internal combustion en-
gine and the generator and/or by modifying the mass moment of inertia.

3 Special consideration is to be given for generating sets working in parallel with low-speed (100 min~ ' to 180 min™")
compression ignition (diesel) engine sets in order to avoid resonance between engine torque irregularity and
electromechanical frequency oscillation of the set (see also ISO 8528-3:1993, clause 11).

11 Starting characteristics

The starting characteristics depend on several factors, for example air temperature, temperature of the RIC
engine, starting air pressure, condition of starter battery, viscosity of oil, total inertia of the generating set and
quality of the fuel, and the state of the starting equipment. They are subject to agreement between the customer
and the generating set manufacturer (see also figure 8).

1"
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Terms, symbols and definitions of starting characteristics are given in 11.1 to 11.10.

Term

Symbol

Definition

141

Load pick-up time

le

Time interval from start command until the agreed load is connected:

to=1t,+ 1+ 1

1.2

Start delay time

Time interval from the appearance of the criteria initiating a start to the
starting command (particularly for automatically started generating
units). This time does not depend on the applied generating set. The

exactvatueof thistimeistheTesponsibitity of and-sdeterminedpy the
customer or, if required, by special requirements of legislativel auth-
orities. For example, this time is provided to avoid startingcin‘cage of a
very short mains failure.

Interruption time

Time interval from the appearance of the criteria initiating a staft until
the agreed load is connected:

=t + 1+ 1,
=1,+1,

This time shall be particularly takencinto account for automgtically
started generating sets (see 11.1).

114

Start preparation
time

Time interval from the start command until the beginning of cranking.

115

Pr¢-lubricating time

Time required for some €ngines to ensure that oil pressure is estab-
lished before the beginhing of cranking. This time is usually zgro for
small generating sets, which normally do not require pre-lubrication.

11.6

Cranking time

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

Run-up time

Time interval from the beginning of cranking until the declared speed is
reached for the first time.

Total run-up time

Time’interval from the beginning of cranking until ready for supplying
an’agreed power, taking into account a given frequency and voltage
tolerance.

11.9

Lopd pick-up readi-
neps time

Time interval from the start command until ready for supplying an
agreed power, taking into account a given frequency and voltagq toler-
ance:

=1, + 1,

11.10

Lopd switchihg' time

Time from readiness to take up an agreed load until this load {s con-
nected.

12 Stop time characteristics (see also figure 10)

Terms, symbols and definitions for stop time characteristics are given in 12.1 to 12.4.

No. Term Symbol Definition

121 On-load run-on time g Time interval from a stop command being given until the load is dis-
connected (automatic sets).

12.2 Off-load run-on time 1} 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".

12
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No. Term Symbol Definition

12

3 Run-down time ty Time from the generating set off signal to when the generating set has

come to a complete stop.

124 Total stopping time I, Time interval from the stop command until the generating

to a complete stop:

L=+t

set has come

13 Parallel operation

13.1 Active power sharing (see figure9)

13.11

Factors influencing active power sharing

Active gower sharing may be influenced by any one or more of the following:

the $peed governor droop characteristic;

the dynamic behaviour of the RIC engine and its speed governor;
the gdynamic behaviour of the coupling;

the glynamic behaviour of the generator, taking into account\the characteristics of the netwo
sumpr’s equipment;

the automatic voltage regulator characteristic.

131.2

Calculation method

The diffmr,rence, AP,, expressed as the percentage between the proportion of power supplied by

genera

teristic,|is given by:

'k or the con-

an individual

ing set and the proportion of the total power supplied by all generating sets at ideal freqyiency charac-

P, =
AP|= IR 100
Pr.i
2P
j=1
where
n is the.number of parallel-operating generating sets;
i isithe index for identifying the individual generating set which is considered within the group of all
parallel-operating generating sets;
P; fsthrepartiat-active- powerof the-individuatgenerating-setconsidered;
P,; is the rated active power of the individual generating set considered;
SP. is the sum of the partial active power of all parallel-operating generating sets;

z

b
P,‘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 % of its 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 re-
verse power relays, are required.

13
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13.1.3 Examples of active power sharing (with cos ¢ =0,8)

See table 1.
Table 1 — Examples of active power sharing
Rated Partial n
4 power i P, power i P P = Py j;P j AP,
Example Genset P, =" P, = RS ¥ P, ,=—5
2 Pr, Jj
j=1
kw kW kw kw % % %
1 400 275 68,7 Le3
1 2 400 1200 300 900 75 75 0
3 400 325 81,3 6,3
1 400 335 83,7 8.7
2 2 300 900 210 675 70 75 _5
3 200 130 65 - 10
NOTE — Powet deviation resulting from constant hunting is included in the {olerances for active power sharing. |n the
event of sudden load changes, the values for constant deviation and hunting'in active power sharing may be tempgrarily
exceeded.

13.1.4 Method of testing

With the system operating at full rated powerand with cos ¢ = 0,8, make adjustments to minimize the reactive
current and to|share the power equally, i.e) P; , = P, ;. Then reduce the power from 100 % to 20 % and take the
greatest dewTon which occurs within\this power range as AP. Manual adjustments, for example the [engine
speed/governor control, are not permitted during the test.

13.2 Reactiye power sharing

13.21 Factorr influencing reactive power sharing

Reactive power sharing may be influenced by any one or more of the following:

— grade of quadrature-current compensation voltage droop (8qcc):
— stabilization by equalizer links;

— automatic reactive power sharing control;

— automatic voltage regulator characteristic.

13.2.2 Calculation method

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

14
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AQ;

where

2
Qr,i
29,

o £

Qr,i g
ZQr,j
j=1

x 100

is the number of parallel-operating generating sets;

ISO 8528-5:1993(E)

is the index for identifying the individual generating set which is considered within the group of all

parallel-operating generating sets;

is the partial reactive power of the individual generating sets considered,;

is the rated reactive power of the individual generating set considered;

is the sum of the patrtial reactive power of all parallel-operating generating sets;

>0l i is the sum of the rated reactive power of all parallel-operating generating sets.

If optimu

in reacti
its rated
reactive

— grad
— equa

izer links;

— automatic reactive power sharing control.

e of quadrature-current compensation voltage droop;

m reactive power sharing is achieved at the total rated reactive power then the maxim
ve power sharing for a particular generating set, in the reactive-power range from 20 % to 100 % of
reactive power, will occur when the voltage control referencelvalue settings remain unchianged. Exact
power sharing is made possible, for example, by:

im deviation

13.2.3 Examples of reactive power sharing (with cos ¢~= 0,8)
See table 2.
Table*2 — Examples of reactive power sharing
Rated Partial n
réactive n reactive n o) (2 A0,
Example Genset power ,~§1Qr'j power j§1Qj Qi'p B O Qsp= }:1 — l
Qr,i Qi ! z Q
FoJ
j=1
kvar kvar kvar kvar % % %
1 300 206 68,7 —63
1 2 300 900 225 675 75 75 0
3 300 244 81,3 +6,3
1 300 251 83,7 +87
2 2 225 675 158 507 70,2 75 —_48
3 150 98 65,3 -97
NOTE — In the event of sudden power changes, the permissible values for constant deviation and hunting in reactive
power sharing may be temporarily exceeded.

15
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13.3 Influence on parallel-operating behaviour

The following may have influence on parallel-running behaviour:

— the speed governor droop characteristic;

— the dynamic behaviour of the RIC engine and its speed governor;

— the dynamic behaviour of the coupling;

— the dynamic behaviour of the generator, taking into account the relevant reaction of the connected mains
or the other parallel-operating generators;

— the automatic voltage regulator characteristic;

— the grade of quadrature-current compensation voltage droop (5qcc) of automatic voltage regulator (AVR).

13.4 Power|rating

Power rating ¢riteria are specified in 1ISO 8528-1.

In parallel opgration, even when there is no necessity for additional power for governing.-purposes |(mains
parallel operation), the generating set rated output should not be exceeded.

14 Rating plates

Generating se:Ls shall bear the following rating plates.
a) Rating plate for set

This shall givg at least the following information:

1) the words “Generating set ISO 8528”;
2) the manufacturer’s name or mark;

3) the serial number of the set;

4) the yeaf of manufacture of the set;

5) the ratgd power, in kilowatts, with the prefixes €OP, PRP or LTP, in accordance with ISO 8528{1:1993,
clause {3;

6) the perlormance class in accordance with 1SO*8528-1:1993, clause 7;
7) the ratdd power factor;

8) the maximum site altitude above sea-level, in metres;

9) the maximum ambient temperaturesin-degrees Celsius;

10) the rated frequency, in hertz;

11) the rat¢d voltage, in volts;

'12) the rated current, in amperes;

13) the mags, in kilograms.

b) Rating plate for the RIC engine
c) Rating plate for generators, in accordance with IEC 34-1 and ISO 8528-3:1993, clause 14

d) Rating plate for switchgear, where the switchgear is an integral part of the generating set
NOTES

4 Figure 13 shows an example of a rating plate for a generating set.

5 With units rated at less than 10 kW, the information may be combined on a single rating plate.

15 Further factors 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:

— mechanical (e.g. crank);

16
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— electrical (e.g. electric starting motor);
— pneumatic (e.g. compressed air to the cylinder or pneumatic starting motor).

15.2 Shutdown methods

Depending on design and application, different shutdown methods, according to the shutdown signals, are
used:

— mechanical;
— electrical;
— pneumatic;
— hydraulic,

15.3 Fuel supply

The fuel|supply shall be designed so that the generating set is able to operate satisfactorily under{all operating
conditiops. Furthermore, safety requirements (e.g. for fire and explosion protection)should be taken into ac-
count. The appropriate regulations of the legislative authorities of the respectivecountry for fuel [storage shall
be complied with.

15.4 Gombustion air

The quajity of air required for combustion shall be taken into acceunt’to determine the degree offfiltration.

15.5 Eixhaust system

The exhpust system shall be designed in accordance with the permitted exhaust gas back pressyre (stated by
the engine manufacturer) and the required noise attenuation. The following criteria may be impoftant:

— strugture-borne sound insulation;
— heatlinsulation and cladding (radiation, penetrations through walls, protection against contact);
— expansion compensation;

— drainage;

— prevention of water ingress;

— protgction against exhaust gas explosion;
— configuration of the end of the.exhaust outlet (e.g. depending on direction of wind, protection against birds);
— suppprts;

— gasepus emissions.

15.6 Qooling and room ventilation

traction] are ofspatticular importance for stationary power plants when designing the site building. For the de-
sign of the building, the required technical data of the generating set shall be obtained from the generating set
manufagturer. ' \

The typ¢ of cooling‘of the RIC engine, the generator and the switchgear, as well as ventilati0£ and air ex-

15.7 Monitoring

The extent of monitoring of a power plant depends on

— the intended application;

— the mode of operation;

— the size and type of the generating set;

— requirements of the consumer’s equipment;
— the manufacturer’s requirements;

— the customer’s requirements.

In observing the above criteria, the monitoring equipment shall be chosen to ensure readiness for use and
operation.

17
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15.8 Noise emission

If noise emission is to be limited to certain values, then a special agreement shall be made between the
manufacturer and the customer at the project stage.

If sound level measurements are agreed for mobile generating sets, then measurements should be carried out
at the manufacturer’s works by a short-range field.

NOTES

6 An enveloping surface method will be given in ISO 8528-10.

7 In practice, thee =
from those of short-range field measurements.

ifference

As with fixed| equipment, treatment for noise attenuation is usually taken on site, and the'sounfd level
measurementf at the manufacturer’s works can only be carried out without this noise attenuation. If npise at-
tenuation of tHe generating set is required, the measurement may be carried out as for mobile’generating sets.

15.9 Couplipgs

The coupling $election shall take into account those stresses imposed by the torsienal vibration influenced by

— power up fo fuel stop power;

— the inertiaof the RIC engine and generator;
— the short-gircuit torque;

— misalignment.

The greatest short-circuit torque occurs as a result of a two-phase-line-to-line short circuit at the gepherator
terminals. In many instances, however, the ratio of generator inertia to engine inertia is so large that theltorque
on the coupling may be little more than, or even less than, the continuous power torque.

The generating set manufacturer is responsible for the design of the component compatibility.

15.10 Vibration

The generating set manufacturer shall demonstrate that for the vibrating system (engine-coupling-generator-
baseframe) oflthe generating set, the vibration characteristic in its normal operating range will lie saf¢ly out-
side the range of critical values.

The vibrationg caused by other parts of the power station (e.g. exhaust gas system, foundations) shall hlso be
taken into acgount.

15.10.1 Torsipnal vibration

The provisions of ISO 3046-5 shall be used to determine the torsional vibration analysis of the generatifg set.

The manufactyirer ofthe“set shall be responsible for ensuring that the torsional vibrations lie safely outdide the
range of critical values.

When previoukly-agreed by contract, the manufacturer of the set shall he responsihle for obtaining calcillations
and for making measurements of torsional vibrations.

The results of measurements and/or calculations of torsional vibrations shall be agreed between the manu-
facturer of the generating set, the RIC engine and driven machinery manufacturers and by the inspecting and/or
legislative authorities and/or classification societies, when applicable.

15.10.2 Linear vibration

15.10.2.1 Dynamic bending deformation

Dynamic bending deformation may occur due to the effects of combustion and inertial forces of the engine and

the magnetic forces of the generator in the rotating system consisting of engine-coupling-generator, which shall
be taken into account in the design of individual components and of the baseframe.

18
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15.10.2.2 Structural vibrations

15.10.2.2.1 General

Apart from the torsional and linear vibrations, there exist vibrations of the generating set caused by the
reciprocating forces and torques of the RIC engine. The manufacturer of the generating set shall be responsible
for the compatibility of the components relative to each other, so that the maximum permitted vibration velocity
for individual components is not exceeded.

15.10.2.2.2 Measurement location and measurement conditions

bearing casing. The measurement of the vibration velocity should preferably be carried outcenthie generating
set manlifacturer’s test-bed at rated output and, if possible, under simulated site installation.cond|tions. Where
put cannot be applied for this test, then the highest possible output shall be applied.

15.11 Foundations

For the fdimensions of the foundations or the supporting surfaces, data onstatic and dynamic Ipads may be
obtained from the generating set manufacturer.

To reduge the effect of free inertia forces on the environment, a suitable resilient mounting may ble necessary.
Any opehings required for cables, pipelines, etc., at the site shall be‘taken into account.

If a resiljent mounting is provided, then flexible connections shall'be provided for cables and pipgqs.

16 Operating limit values for performance classes

The operating limit values listed in table 3 shall be satisfied in order to determine the characteristics of major
significapce for the voltage and frequency behaviour of a generating set as given in ISO 8528-1.

The numerical values for the individual performance classes shall be selected so that they pre mutually
matched for compatibility of their individuakcomponent parts.

The appfopriate performance class for a generating set shall be selected when all the limit v3lues for this
performance class have been fulfilled;

NOTE 8 | It is recommended that_the customer should select the minimum performance class that will fulffil his require-
ments.
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Table 3 — Operating limit values

. Bune. jeujwou
> > i :
oL ¥ oL ¥ au} JO % 08 PuB % 0T USaMIBq
Y _ gL % v . @buleys semod sy | L1'9L
ufed jeujuou
> > : !
§F s¥ BUI JO % 00} PUB % 08 USIMIS]
& ¢ s'pow
ONY @ €0 % (61 €0 ONY el % a1 (z1 (uoneinpow sbejon | 919l
> > > ep'n
NV ﬁvv :,%V :onwvv sel s u sw (W Asanooau sbejon | si9L
wSL—> w0T—> wST—> ukpn g (s (¥oSESJ0UI Jomod usppns
oY el % wip Loneinap abejjon Jusisues] | pL'gL
oc+> sz+> se+> 1119 | asedussp samod usppns 9, 001
ONVY IO WA el S/% Q14 Buimes sbeyjon jo abueyd jo ajey | €191
ONV sF V'L % *ne Buipes sbejjon jo sbuey | ZL'9l
6} ® b © SV % | %ne souejequn abejjon | 119l
> >
ONY L¥F> mM ”_“_”” > i % WHV vl % ne uoljeinsp abejjon sjeis-Apesis | 04’9l
ONWV 4 [ s'e 9c's % 0 pueq apue.s|o) Aousnbaly paje|ay 69l
wEe> wS> # 0L > oY
DNV Ses s u Y, awy Asenooad Asusnbaiy g9al
s€> 9S> (g0l > 4
SL—> oz —> sT—>
va 1=> W oL—> Mw sL—=> o . ukp (s (*9SBS.0U! Jamod usppns Aouanbauj pales wouy .
onv ves % 7 uofieinap Asusnbayy juaisues) | L9
oL+> cL+> gL +> aseaudop Jomod usppns %, 001
ony |2 CR+D->| w®BR+01)—> | wBR+E1)—> e y " s (¥9SER.I0Ul Jamod usppns fouanba et wou | o
oL+> cL+> gl > ° asealosp Jomod usppns 9, 0oL SPUP4SHIP Asusnbayy jusisueu)
ONY 10120 TS S/% 7 Buies Apuanbayy jo abueys Jo ajey g9l
ol4) €ST+< [ANA] % dn'sfo Buies Aousnbaly piemdn jo sbues pajeldy | v'oL
OV *R+57< 1LeTs % °P'Sfa Bumss Aousnbau) piemumop Jjo sbuel pajeey | €91
OV so> @SL> s'z> 1S % g plieq Aouanbayy ajeis-Apesls Z9l
(1ONY €> s> 8> 1'L's % hod (] dooup Asuanba.4 1oL
1) €9 [49] 19
SS§|D 9oueW.JoLId SJUIIY— A HoquIAS: i3jaweed- ‘ON
sanjea | bunesado

20


https://standardsiso.com/api/?name=fbd642d0600fbf232bfe6214d16de7b8

1993(E)

1SO 8528-5

‘an|eA asue.al0} 8y} Aq sasea.dap s3as Buiessush Buijesado-jajiesed ay) JO PEO| SAIIPESU [BUJWOU JO PBO| |BUILIOU SAIJ09HS BY) JO Junowe ayj ‘eouesa|o} ayl buisn usym (s1

Jlo¥le

uajeAinbs ay) ¥p sapnjijdwe 6y

4o Ajigeldl Joy ployssuyy e

-gel|o2 |jeys Jadnjoejnuewl Jojed

:UoieiapIsucD Ojul uaiel aq jjey

puadap ||ImM swi A9A029. 3] OF

jeinpow abejjon zZH 0l Jusiealinbs ue o} Bulpuodsalloo apnjdwe ue S| s4ay) ‘uoneniony abejjoa e jo salloluiey

Iney £ saousnbauy je suoneniany abejjon o4 “ZH 01 Je uoieniony sbejjoa eplosnuls eonae|eL P Jo) sen

v

1M uoneniony abejon zH oL e e saalb ssoulyblg ul sebueyo o} snp BUwsNdly Bl JO 8sed ul saAs g
‘2 F oq Aew anjea‘oLl ‘sauibus iapuljho-omy 4o -9ibuls U

*|043U0D UolBYIOXS |e1oads aplaoid 0] 4O ‘uoieidia 3yl §
buab ay3 ‘sywWi| 8y} peaoxs 0] uoneinpow abejjoa asned [Im ‘auibua aylAq pedtoy ‘iojesausb syl Jo uoleIgIA ey

5 SO11S1I910BIBYD JUSLIND SAII0BS SU) USUM ‘uoljeuado jajjeled Ul siojesausl snouoIyouAs Uim sies Buiiessusb ig
VA

-auibua Jo 9dA} Jospue uoijeslidde syl 03.enp Ajepim Alea ued yoiym ‘1os Buijessuab syl Jo Acusidiye (esiueyosul
19s Bune.isusb sy} Jo sasso| jeolugyostu Aq papinoad Ajuo si anbuoy esuq ipeoj 9% 001 Buirnowaa usym Ajuo jesiq

L=2
14y 14
AL
u

|le uoneiapisuod ojul Bupie

= avvoﬁb
v

-2} 2inBy 0} Bulpiodoe /v 0y Buipuodsa.iod Asushbeaiy Joj soipe; BuiluBiom sy) s! 78 s4sum

fp g =10ip

2q ||Im spnjlidwe zH 0}
ea 3wl Buiesado usaib ayy

x M.O v Ovvoﬁb

A\

Ajnandsosad 1seubiH  (¥1
1M sjes Buijessuab o4 (g}

onpsJd O} Aiessooau se {lelo
01540} Jey) steadde 1yl (2L

‘SHwWi| ayels-Apeals ul papnioul Jol senjea Jwi| Bunessdo (L1

00l
‘n

x¥nexyg

:0] |enba aq |IM sWiNAJaA0231 obejjoA 9)e|NdjED 0} Pash pueq SoUBIS|0) BY) ‘palels asIMIBYIo ssajun (0L
'G‘0 0] sanjea 9say) sonpad ‘uonessto (sjjeled Jo ased aul Ul (6
"%, G'0 01 |enba Jo uey ssa| aq jleys abues Buims Aouanbauy syl

) sjuswasinbas wnwiuiy (8
0l 01dn spun jjews Jo4 (7

pue ejuSUl |B10) Yl Uo Ajuo
A} sue sanjea palels syl (9

‘soulblis seb uoiubi-yieds o4 (g

'/ pue g $2.nbi o) Buipiodoe asesusuriamod sigissod wnwixew ay) Jo asn yim Aidde ejep assy) ‘sauibus pabieys-oquni{yim syies Bunessusb io4 (v
‘ajgissiwiad s| abe)joa 10 paads sy) Jo Bumes paxyy ‘Aiessadsu Jou s| uonesado jpieled jeyy Juelxa ayy ol (g
*G'z 01 dn ag Aew anjea sy} ‘saulbus JapuljAo-om] Jo -a|6uls ym sias puiiessusb Jo ssed syl ul (g

*JOWOISND pue Jainpejnuew usamidq Juswsasibe Aq = DWWV (1

Bunes jeujwou
> > — . 9 y : Buifeys Jamod sAloea .
DNV oL ¥ oL F Tel % ov U1 JO % 00L PUB % 0F USSMISG ey oesy | 8L9l
1) €9 [49] 19
SSE|D 80UBWIL0LI9d eoualajey nun |joquiks Jejoweled ‘ON
sanjeA Juuljlbuijeladeo.

21


https://standardsiso.com/api/?name=fbd642d0600fbf232bfe6214d16de7b8

ISO 8528-5:1993(E)

Frequency, f

Upward frequency

setting range
fi,max

X |
=2 |
5 |
S |
fir |
w nl | Frequency/\power
| | | characteristic curve
o 1
wC)
g wley £ !
“\w ]\
< for
C
|
|

Power limit?

Downward freqyency _/

setting range

l
|
l
fi,min } !
|
|
|

Additional power
for governing purposes|

P

Power, P

1) The power lifit of the generating set depends on the power limit of the RIC engine, e.g. fuel stop power, taking into account the efficiency of
the a.c. generatof.

Figure 1 — Frequency/power characteristic, range of frequency setting
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Figure 2 — Frequency/power characteristic, deviation from the linear curve
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Figure 3 — Steady-state frequency band
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Figure 5 — Transient voltage characteristics without quadrature-current compensation voltage droop
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