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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, 8 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

ISO 8528-2:1993(E)

Reciprocating internal combustion engine driven alternating

current generating sets —

Part 2:
Engines

1 Scope

This parf of ISO 8528 specifies the principal charac-
teristics pf a reciprocating internal combustion (RIC)
engine when used for alternating current (a.c.) gen-
erating get applications.

It applie$ to RIC engines for a.c. generating sets for
land anfl marine use, excluding generating sets
used on |aircraft or to propel land vehicles and logco-
motives.

For somp specific applications (for example, essen-
tial hosplital supplies, high rise buildings,“etc.), sup-
plementary requirements may be necessary. The
provisions of this part of ISO 8528y'should be re-
garded as a basis.

The terms which define the speed governing and the
speed characteristics of RIC-engines are listed and
explaingd where they apply specifically to the use
of the engine for driving“generators.

For other reciprocating-type prime movers (e.g.
sewage [gas engines, steam engines), the provisions
of this pprt-6f ISO 8528 should be used as a basis.

ISO 3046-1:1986,) Reciprocating internal| combustion
engines —Performance — Part 1: Stqndard refer-
ence conditions and declarations of power, fuel con-
sumptien‘and lubricating oil consumptign.

1SO, 3046-4:1978, Reciprocating internall combustion
engines — Performance — Part 4: Speed governing.

ISO 3046-5:1978, Reciprocating interna
engines — Performance — Part 5:
brations.

1ISO 3046-6:1990, Reciprocating interna

combustion
Torsional vi-

combustion

engines — Performance — Part 6: Overspeed pro-

tection.

1ISO 8528-1:1993, Reciprocating interna

combustion

engine driven alternating current genefating sets —
Part 1: Application, ratings and performance.

1ISO 8528-5:1993, Reciprocating interna

combustion

engine driven alternating current genefating sets —

Part 5: Generating sets.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 8528. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 8528 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

3 Symbols

n, Declared speed, in revolutions per minute

Ny Firing speed, in revolutions per minute

Miax Maximum permissible speed, in revolutions
per minute

n, Partial-load speed, in revolutions per min-
ute

n Declared no-load speed, in revolutions per
minute
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7 min Lowest adjustable no-load speed, in revol-
utions per minute

7 max Highest adjustable no-load speed, in revol-
utions per minute

Ny s Setting speed of overspeed limiting de-
vices, in revolutions per minute

N4o Operating speed of overspeed limiting de-
vices, in revolutions per minute

dng Rel d settin

An, Rarge of speed setting

Ang 4, Downward range of speed setting

dng 4,  Related downward range of speed setting
Ang,, Upward range of speed setting

on,,,  Related upward range of speed setting

v Ratpe of change of speed setting

ong Spded droop

Adny  Speed/power characteristic deviation

P Engine power, in kilowatts

P, Actlial engine power, in kilowatts

P, Dedlared engine power, in kilowatts

L Regponse time, in seconds

Pme Bragke mean effective pressure, insKilo-
pascals

Ve Swept volume of the engine, in‘cubic centi-
mefjres

4 Other negulations and additional
requirements

4.1 For RIC engines/driving a.c. generating sets
used on borId ships-and offshore installations which

have to comply with rules of a classification society,
the additiongl requirements of the classification so-

Any further additional requirements shall be subject
to agreement between the manufacturer and cus-
tomer.

5 General characteristics

5.1 Power characteristics

511 General

the customer’s plant, the electrical- power [required
for the essential independent, lauxiliaries (see
ISO 3046-1) and the power loss)inthe a.c. generator.

In addition to the steady-state power reqyirement,
sudden power changes 'due to additional Idads, e.g.
caused by electric motor starting, shall be taken into
account since they-affect the power outpu{ charac-
teristics of RIC €ngines and voltage charagteristics
of a.c. generators.

The generating set manufacturer shall therefore
take due account of any particular characteristic of
the_connected electrical load and of any |load ac-
ceptance conditions expected by the custorper.

5.1.2 [ISO standard power

The power shall be declared by the engirle manu-
facturer in accordance with 1SO 3046-1.

5.1.3 Service power

The RIC engine power (see ISO 8528-1) required for
a particular application, under site conditions to
drive the a.c. generator with any essenfial inde-
pendent auxiliaries (see ISO 3046-1), and|with the
generating set developing rated electricgl power,
shall be determined in accordance with ISQ 3046-1.

In order to ensure a continuous supply of glectrical
power to the connected load, it is essential that the

actual power output required from the RIC engine
driving the generator is not more than the service

ciety shall be observed. The classification society
shall be stated by the customer prior to placing of
the order.

For engines operating in non-classed equipment,
such additional requirements are in each case sub-
ject to agreement between the manufacturer and
customer.

4.2 |If special requirements from regulations of any
other authority (e.g. inspecting and/or legislative
authorities) have to be met, the authority shall be
stated by the customer prior to placing of the order.

power. The RIC engine driving the generator shall
provide additional power to meet any specified
transient load requirements. Overload power, as
defined in ISO 3046-1, is not available.

5.2 Main characteristics of the RIC engine

The main characteristics of the RIC engine to be
used by the generating set manufacturer shall be
given by the engine manufacturer, specifying

— the power under ISO standard and service con-
ditions;
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— the declared speed;

— the fuel and lubricating oil consumptions under
ISO standard conditions.

These characteristics declared by the engine manu-
facturer enable the generating set manufacturer and
customer to confirm that the main characteristics of
the RIC engines available are suitable for the appli-
cation.

In order to evaluate the generating set service con-

ISO 8528-2:1993(E)

life of the RIC engine. The onus is on the RIC engine
manufacturer to provide the generating set manu-
facturer with data of the minimum load the RIC en-
gine is capable of sustaining indefinitely without
deterioration. If the generating set is to be operated
at lower loads than this minimum load, the onus is
on the RIC engine manufacturer to specify, and if
necessary recommend, the measures to be adopted
and/or corrective procedures to be used.

6 Speed characteristics

necessafy to establish the brake mean effective
pressure, pm.. in kilopascals®, of the engine used,
corresponding to the engine power when the gen-
erating pet is operating at its declared power and
rated frgquency, and defined as follows:

o L KP
me Vstnr

ditions }n particular, sudden-load acceptance) it is

where K=1,2x10° for a four-stroke engine and
0,6 x 109 for a two-stroke engine.

5.3 LI«-load operation
(o)

The cusfomer shall be made aware that extended
running junder low load may affect the reliability and

6.1 General

The choice of governing system shall be based upon
the steady-state and transient” speed |performance
requested by the customer. The ggnerating set
manufacturer shall ensure that a suitaljle governing
system, approved by the RIC engine manufacturer,
is selected to meetthe application requyiirements.

NOTE 1 ISO 3046-4 establishes general| requirements
and parametfers of speed governing systems. 1SO 3046-6
establishes, general requirements for oyerspeed pro-
tection _devices.

The“terms, symbols and definitiong for speed
chiaracteristics are given in 6.2 to 6.5.

1) 100 kPa =1 bar
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6.2 General speed terms

speed

No. Term Symbol Definition
6.2.1 Declared speed n, Engine speed at dec.ared power corresponding to the rated frequency
of the generating se
6.2.2 Firing speed (starting g Engine speed to which an engine must be accelerated from rest by the
speed), use of an external supply of energy separate from the fuel feed system
before the engine becomes self-sustaining.
6.2.3 Partial-load speed n, Steady-state engine speed of an engine running at a % of the declared
power:
=100 P
a= X P,
EXAMPLE
45 % power: a = 45 (see figure 2)
For a =45
L.
n,=n,——I(n,—n
a i,r Pr i,r (g
=N — 0'45 (ni,r - nr)
Corresponding values of declared speed and partial-load speed are
based on an unchanged speed setting.
6.24 Dejcared no-load e Steady-state enging'speed without load at the same speed setting|as for

the declared speed #, (it is a particular case of 6.2.3; see figure 1

6.3 Speed getting terms of governor (see

figure 1)
No. Term Symbol Definition
6.3.1 Lowest adjustable 7 min Lowest steady-state engine speed without load obtainable on the|gov-
notload speed ernor speed setting device.
6.3.2 Highest adjustable 7 max Highest steady-state engine speed without load obtainable on thg gov-
oFIoad speed ernor speed setting device.
6.3.3 R4nge of speed set- Ang Range between the highest and lowest adjustable no-load speeds:
ti
Ans = N max — 7 min
Rella.t.ed_r_ange of sn Range of speed setting, expressed as a percentage of the declargd

speed setting

speed:

M max — i min

dng = x 100
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No. Term Symbol Definition
6.3.3.1 Downward range of Ang 44 Range between the declared no-load speed and the lowest adjustable
speed setting no-load speed:
Ar[s,do = i ¢ = M min
Related downward 81 4o Downward range of speed setting, expressed as a percentage of the
range of speed set- declared speed:
ting
n.—mn ..
By g = ———" x 100
6.3.3.2 Upward range of Ang Range between the highest adjustable no-load speed and)the declared
speed setting no-load speed:
Ans,up = ni,max - ni,r
Related upward 81 o Upward range of speed setting, expressed'as a percentage pf the de-
range of speed set- clared speed:
ting
7 max — Mir
81 yp = — X 100
6.34 Rate of change of Vy Rate of change of speed ‘sétting under remote control, expr¢ssed as a
speed setting percentage of the related range of speed setting per second:
n — nici)n
Vn= ( t,max t |,m|n)/ T x 100

6.4 Steady-state speed terms of governor

No. Term Symbol Definition
6.4.1 Speed droop dng, Difference between the declared no-load speed and the decjared speed
at declared power, for a fixed speed setting (see figure 1). It is expressed
as a percentage of the declared speed.
i, — N,
dng = B — x 100
6.4.2 Speed/power_charac- - Curve of steady-state speeds in the power range between rfo-load and
teristic curve declared power plotted against RIC engine power (see figures 1 and 2).
6.4.3 Speed/power charac- Adng Maximum deviation from a linear speed power characteristic curve in
teristic deviation the power range between no-load and declared power, exprlessed as a
percentage of the declared speed (see figure2).
6.5 Overspeed terms
No. Term Symbol Definition
6.5.1 Maximum permiss- Minax Speed of the engine specified by the RIC engine manufacturer which lies
ible speed a safe amount below the speed limit (see note 2 and figure 3).
6.5.2 Setting speed of Nys Speed of the engine, the exceeding of which activates the overspeed
overspeed limiting limiting device (see figure 3).
device
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No. Term Symbol Definition
6.5.3 Operating speed of Nyo Speed of the engine, at which, for a given setting speed, the overspeed
overspeed limiting limiting device starts to operate (see note 3 and figure 3).
device
654 Response time L Time between activation of the overspeed limiting device and com-
mencement of its operation.
6.5.5 Adjustment range - Speed range over which the overspeed limiting device may be adjusted.

NOTES

overspeed prptection system.

2 The speed limit is the maximum calculated speed which the engine may sustain without risk of damage.

3 For a given engine, the operating speed depends on the total inertia of the generating set and the ‘design of the

6.6 Types of speed governors used for
generating sets

6.6.1 A proportional governor (P) corrects the con-
trol signal pfoportionally to a load-related speed
change. The [change in load results in a change of
the steady-state speed.

6.6.2 A proportional integral governor (Pl) corrects
the control dignal proportionally when there is a
load-related ¢hange in speed and also corrects the
change in spped with an integral action. If this gov-
ernor type is| used, usually a change in load does
not result in 4 change in speed.

To make parallel operation of generating sets. poss-
ible, a Pl governor shall also work as a_Pigovernor,
if no additiopal governing of the load_sharing is
provided.

6.6.3 A proportional integral_differential governor
(PID) is a prgportional integral governor which also
corrects the ¢ontrol signalproportionally to the rate
of speed chapge. If thissgovernor type is used, usu-
in load-does not result in a change in

To make parallel operation of generating sets poss-

6.7.2 Parallel operation

6.7.21 A proportional governor (P) shall e used
for performapceé. classes G1 and GR (see
ISO 8528-1:1998,clause 7).

6.7.2.2 A proportional integral governor (Fl) shall
be used;for performance classes G1 to G4/ If used
in iseehronous mode, it requires an auxiliary device
such as a load-sharing facility.

6.7.2.3 A proportional integral differential governor
(PID) shall be used for performance classels G1 to
G4 and in the same way as a Pl governor, put with
improved transient performance. If used ip isoch-
ronous mode, it requires an auxiliary devige such
as a load-sharing facility.

7 Load acceptance

The load-acceptance behaviour of an RIC| engine
depends mainly on the type of combustion air supply
system (see ISO 8528-1:1993, 14.2).

The generator set manufacturer should condider the
actual load-acceptance behaviour of the RIQ engine
and generator used (see ISO 8528-5:1993, 19.3 and
figures 6 and 7).

ible, a PID governor shall also work as a P governor,
if no additional governing of the load sharing is
provided.

6.7 Use of speed governor (see also
ISO 8528-1:1993, 6.3)

6.7.1 Single operation

P, Pl and PID governors may be used, depending on
the governing performance required by the appli-
cation.

7.1 Non-turbocharged

This means naturally aspirated or pressure-charged
by a mechanically driven compressor.

In this case, the maximum possible load step is
equal to the service power.

7.2 Turbocharged

In this case, the load steps which may be applied to
the engine vary according to the brake mean effec-
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tive pressure (pne)., corresponding to the service
power.

8 Vibration and noise

8.1 Torsional vibration

The RIC engine produces torsional vibrations in the
complete shaft system of the generating set. Re-
quirements relating to torsional vibrations of RIC
engines are dealt with in ISO 3046-5.

ISO 8528-2:1993(E)

10 Inlet and exhaust system

The RIC engine manufacturer shall provide the gen-
erating set manufacturer with the necessary data on

air aspiration and exhaust gas.

The generating set manufacturer shall take into ac-

count the pressure loss limitations spe
RIC engine manufacturer:

cified by the

— in the pipes, openings or filtering devices of the

RIC engine air intake system;

The engine manufacturer shall supply the generat-
ing set manufacturer with the necessary information
to enable¢ him to ensure satisfactory operation. The
generating set as a whole has to be considered
when alculating torsional vibrations (see
ISO 8528(5).

8.2 Linear vibration

The RIC engine produces linear vibrations which act
as structural vibrations on the baseframe, foun-
dation, cpupling and the a.c. generator.

The engine manufacturer shall provide data relating
to linear| vibrations to the generating set manufac-
turer if nequested. The generating set as a whole
has to be considered when calculating linear vi-
brations [(see ISO 8528-5).

8.3 Nojse

The RIC [engine manufacturer shall providethe gen-
erator s¢t manufacturer with data relating to noise
if requested (see 1ISO 8528-5).

9 Heat balance

The RIC[engine manufacturéryshall provide the gen-
erating 4et manufacturerwith the heat balance data
(for on-sjte conditions),\including

— the RIC engine-cooling heat (water, oil, air);
— the ekhaust.gas’heat;
— the radiatéd-heat dissipation.

— In the pipes, silencers, etc. for the
exhaust gases.

11 Starting ability

RIC engine

If the RIC engine is requiredto start under particular
conditions specified by‘the generating et customer

or manufacturer (fof instance at low

perature), the RIC7éngine manufactur
vide the generating set manufacturer
capability figures for the RIC engine
conditions; and details of any special
required,

12. ‘Fuel, lubricants and coolant

If necessary, the generating set manuf

mbient tem-
r shall pro-
with starting
under these
starting aids

acturer shall

provide the RIC engine manufacturer wjth detaiis of
the fuel, lubricating oil and coolant tg be used in

service for approval.

The RIC engine manufacturer should
generating set manufacturer with spe

provide the
Cifications of

recommended fuel, lubricants and coolant.

The following fuel characteristics are
significance:

— density;
— viscosity;
— calorific value;
— cetane number;

of particular

— vanadium, sodium, silica and alunpjinium oxide

content;
— in the case of heavy fuel, the sulfur

content.
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13 Values of terms for governing system

The values of terms for the governing system are
given in 13.1 to 13.4.

Values
No. Term Symbol Unit Reference
Performance class
Gt | G2 ( G3 G4

Related downward speed o _
13.1 setting range dng 4o Yo 6.3.3.1 (2,5 + 8n,y)
13.2 Sﬁg’:ﬁ‘r"g‘g’wa’d speed set- | 5y o % 6.3.3.2 +25

AMCY

13.3 | [Rate of change of speed v, %s ' | 634 0,21to1

[setting
13.4 | |Speed droop dng % 6.4.1 <8 <5 <3
1) AM(Q = by agreement between manufacturer and customer.
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