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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

ISO 8528-4:1993(E)

Reciprocating internal combustion engine driven alternating

current generating sets —

Part 4:
Contriolgear and switchgear

1 Scope

This pant of ISO 8528 specifies criteria for control-
gear arjd switchgear for generating sets with
reciprocating internal combustion engines.

It applies to alternating current (a.c.) generating sets
driven Ry reciprocating internal combustion (RIC)
engines [for land and marine use, excluding gener-
ating sels used on aircraft or to propel land vehicles
and locdmotives.

For some specific applications (for example,(essen-
tial hospital supplies, high-rise buildings( etc.) sup-
plementary requirements may be necessary. The
provisiophs of this part of ISO 8528xshould be re-
garded as a basis.

For gengrating sets driven by other prime movers

(e.g. sewage gas engines,steam engines) this part
of ISO 8b28 should be applied as a basis.

2 Nommative references

The follbwing'standards contain provisions which,
through|reference in this text, constitute provisions

engine driven alternating current generating sets —
Part 5: Generating sets.

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

IEC’298:1990, A.C. metal-enclosed swifchgear and
controlgear for rated voltages above 1 RV and up to
and including 52 kV.

IEC 439-1:1985, Low-voltage switchgear |and control-
gear assemblies — Part 1: Requiremer)ts for type-
tested and partially type-tested assemblies.

IEC 947-1:1988, Low-voltage switchgear|and control-
gear — Part 1: General rules.

3 Other regulations and additional
requirements

3.1 For a.c. generating sets used on|board ships
and offshore installations which have tg comply with
rules of a classification society, the gdditional re-
quirements of the classification societﬂ shall be ob-

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 1ISO 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.

ISO 6826:1982, Reciprocating internal combustion
engines — Fire protection.

ISO 8528-5:1993, Reciprocating internal combustion

served. The classification sociely shall be stated by
the customer 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 agreement between the manu-
facturer and customer.

3.2 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.
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Any further additional requirements shall be subject
to agreement between the manufacturer and cus-
tomer.

4 General requirements for the equipment

4.1 Mounting

Switchgear, controlgear and monitoring equipment
may be mounted on or off the generator set and in
one or more Gubicles-

4.6 Control circuit voltage

A voltage of less than 250 V should be used. The
following voltages are recommended:

— for alternating current: 48V, 110V, 230V,
(250 V)",

— for direct current: 12V, 24V, 36V, 48V, 110V,
125 V.

NOTE 1 Limits of control supply variation should be
taken into account to ensure correct operation of control
ciredit-devices:

4.2 Constryction

The equipment shall be constructed in accordance
with IEC 439-1| for rated low voltages up to 1 kV, and
in accordancg with IEC 298 for rated voltages from
1 kV to 52 kV.

4.3 OperatiIug voitage

The definition of operating voltage is given in
IEC 439-1 and|IEC 298.

4.4 Rated frequency

The operational frequency of the switchgear and
controlgear shall be the same as the rated fre-
quency of the|generating set.

The frequency shall lie within the limits specified in
the relevant [IEC standards for the incorporated
components. Unless otherwise stated, the accept-
able operating limit values shall be assumed to
comply with I$0O 8528-5:1993, clause 16.

4.5 Rated

The rated curfent of the switchgear assembly shall
be stated, taking into aceount the ratings of all
components df electricalequipment in the main cir-
cuit within th¢ assembly,' their disposition and ap-
plication.

This current ghall“be carried without the tempera-
ture rise of i i limits

4.7 Starter battery systems

4.71 If the engine is to be started electically,
heavy-duty starter batteries of adequate capality for
the duty considered shall be used and allgwance
made for the ambient temperature at which they are
expected to operate.

Partial voltages shallnot be taken from the pattery
unless the battery will be equalized.

battery, then:the battery shall have sufficient ca-
pacity for'reliable operation of the control equjpment
under allconditions, even when cranking the engine
(see 4.6).

If the control circuitry is also connected to the%starter

4.7.2 For batteries which are always connectted in
parallel to the consumers, and which are discharged
only in case of power failure or peak current de-
mand, a static charger adapted for consumey feed-
ing shall be used.

Such a charging device shall have sufficient|output
to provide the control system standing load ¢urrent
in addition to the necessary charging current|for re-
charging the battery within an adequate time

4,7.3 When the RIC engine is equipped |with a
mechanically driven battery-charging generator, re-
charging of the battery shall be executed within a
reasonable engine running time. When duch a
battery-charging generator is provided, thg static
charger may supply the control system with|only a
standing load current and provide an adequare float

specified in IEC 439-1 and IEC 298.

If the switchgear assembly consists of multiple main
circuits, derating shall be carried out, taking into
account the maximum sum of the actual currents at
any one time.

The voltage variations during operation of the gen-
erator shall be taken into account when determining
the rated current of the equipment (see voltage
variations during operation in IEC 34-1:1983, 12.3).

1) Value not specified in IEC 38:1983, /EC standard voltages.

abhare Herant
wirarys vurieiant.

4.7.4 The charging equipment shall be selected so
that no damage is caused to control relays and
solenoids connected across the battery by oc-
casional over-voltage during charging.

4.7.5 Starter motor cables shall be dimensioned for
a total cable voltage drop, while cranking the en-
gine, not exceeding 8 % of the nominal battery volt-
age.
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4.8 Environmental conditions

Normal service conditions are specified in IEC 439-1
and IEC 298.

Where there are deviations from the normal service
conditions, the applicable particular requirements
shall be complied with or special agreements shall
be made between manufacturer and customer.

The customer shall inform the manufacturer if such
exceptional service conditions exist.

ISO 8528-4:1993(E)

5.2 Fault current ratings

Switchgear and cables shall be capable of with-
standing during a specified short time the prospec-
tive fault current of the circuit in which they are
located.

For a mains incoming unit incorporated in the
switchgear, the customer shall give information
about the short-circuit conditions at the point of in-
stallation. (See also IEC 439-1.)

In order| to establish the ambient air temperature,
the heat| dissipation of other equipment installed in
the samg room shall be considered.

4.9 Enclosure and degree of protection

The endglosure shall be determined and may be
selected from requirements specified in IEC 947-1.
Degrees of protection of persons against hazardous
approach to live parts should be selected from
IEC 298.

5 Generating set switchgear

Generatjng set switchgear includes all main circuit
equipmeént of the generator incoming unit. If re-
quired, |t may be extended by the mains incoming
unit and|the associated distribution.

Typical [generating set switchgear schemes ate
shown in figure 1.

All components incorporated in the switchgear shall
be adeduately rated to suit the generator-set oper-
ation specified. They shall also be_suitable, if re-
quired, for mains operation.

5.1 Ldgad-switching devices

Current| rating of load-switching devices shall be
selected for compatibility with the continuous rating
of the [generator, taking into account the corre-
sponding utilization (service) category demanded
(usually| AC-1)2;

NOTE 2
service,

If-the AC-1 rating is likely to be exceeded in

ecified mal{ing and/or

Short=tircuit plutcbﬁuu by acurrent-Hn Itlng switch-
ing device (HRC-fuse back-up or-cufrent-limiting
breaker, for example) is permissible’ Wwhere appro-
priate. When such a current-limiting protection is
used, all components and interconnegtions down-
stream need only be selected for thg rated con-
ditional short-circuit current.

5.3 Cables and‘interconnections

The temperature rise of cables and intefconnections
shall naf)exceed the maximum tempjature limits
|

of their.insulation material. Cables shal| not be situ-
atedin such a way that transmitted hedt dissipation
would have a detrimental effect or) connected
equipment, or on component parts in close proxim-

ity.
The voltage drop in interconnections shall meet the

requirements for proper functioning forjthe intended
use of the installation.

Terminals shall be so designed that copductors and
cables corresponding to the appropriate rated cur-
rents can be connected.

Cables and busbars shall be adequately mechan-
ically supported.

5.4 Generator protection

As far as possible, a standard proteclion arrange-
ment should be used (see table 1 and 7.2).

Consideration shall be given to the operational re-

breaking capacity for the load-switching device should be
considered.

Where the ratings of the mains supply and generat-
ing set supply are dissimilar, then the change-over
switching device shall be matched to the respective
load requirements.

The customer shall specify the number of poles re-
quired according to the requirements of the local
supply authority.

quirements of the generator when selecting the
generator-protection equipment. (See IEC 34-1.)

The following information shall be given by the gen-
erator manufacturer:

a) the generator sustained short-circuit current (if
any) with the corresponding time limit;

b) the sub-transient and transient reactances, to-
gether with the appropriate time constants;

2) See IEC 158-1:1970, Low-voltage controlgear — Part 1: Contactors.
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c) the transient voltage performance resulting from
any specified step load change.

6 Modes of control

Modes of control are defined by the methods used
for initiating the control sequence.

Table 1 gives guidelines on generating set protective
and control devices.

6.6 Start on demand

This is usually applied to domestic installation
where the generating set is the only source of power

supply.

When the agreed minimum load is switched on, the
generating set starts automatically and continues to
run until the connected load is switched off.

6.7 Standby-to-mains control

6.1 Hand s{art/hand stop

The control of all functions is hand operated. This is
used mainly on generating sets rated up to 20 kW
and usually dpes not include protective control.

6.2 Local electric start/hand stop

This is an extension of 6.1 (hand start/hand stop)
incorporating|an electric start instead of a hand
start. This dgsign of set is often supplied without
protective control.

6.3 Local ejectric start/electric stop

This is an extension of 6.2 (local electric start/hand
stop) incorporating an electric stop. An electric stop
is added primlarily to facilitate the inclusion of auto-
matic protective control.

6.4 Remote start/electric stop

This is essenfially a local electric start/electric stop
(6.3) but arranged so that the manually initiated start
and stop contfol is not located on“or adjacent to the
generating s

In cases where the manually derived signals are in-
itiated from a|location«where the set is inaudible or
signal feed-back is net practical, an automatic pro-
tective contro} shall’be used.

6.5 Automatic start/automatic stop

Start or stop is initiated by independently derived
signals without manual intervention.

Typical applications include mains-failure control,
load-level control, time-clock control, liquid-level
control, thermostatic control, etc.

Precautions should be included to ensure ad-
equately different switch-point values at ascending
and descending levels, temperatures, etc., to mini-
mize too frequent generating set operation.

Mains failure detection starts the generating set
automatically in the event of a completeymains fail-
ure or a voltage deviation outside defined lim(ts. The
system is similarly designed to stop-the set and re-
store mains supply to the load~after restorgtion of
the mains to within defined voltage and frefjuency
limits.

In order to achieve this,_the following standard fa-
cilities shall be incorperated as a minimum:

— mains-failure~detection;

— engine staft/stop sequential control;
— protection hold-off timer;

— change-over switching device control;
— dutyiselection switch, MANUAL/AUTO.

The\following additional facilities may be ingorpor-
ated:

— start delay;

— engine start repeater;

— engine warm-up timer;

— switch closure delay timer;

— mains restoration timer;

— engine stop delay at no-load speed;

— battery-charger failure detection;

— starter pinion repeater;

— preheating system;

— hours-run counter;

— monitoring equipment for special charactgristics
of the connected network.

6.8 Dual mutual standby control

This is the automatic duty cycling of two generating
—seh—eﬂe—ef—wh-lﬂl—ﬁ—ﬂ»e—é&l-y—ee\—th&eal' i ; er the

stan,dby to it. Duty change-over is controlled by a
time clock or similar initiation, or failure of the duty
set itself.

The dual mutual standby arrangement is typically
used for continuously unattended operation.

6.9 Triple mutual standby control

Three generating sets operate in a similar mode to
dual mutual standby control (6.8), and the sequence
of standby is usually selectable.


https://standardsiso.com/api/?name=6569ecc809759a725bfbea6267ffbdb7

6.10 Dual mutual standby-to-mains control

This is the same as dual mutual standby control,
except that the load is normally supplied by the
mains and the sequence described in 6.8 takes
place in the event of a mains failure.

At satisfactory restoration of the mains supply, the
load is normally, but not necessarily, returned to the
mains and the selected standby sequence restored.

A variation of this arrangement is possible: the

ISO 8528-4:1993(E)

active load-sharing control;
check synchronizing facility;
reactive-power meter;
reactive load-sharing control.

6.11.2 Automatic operation

The following controls and instrumentation are es-
sential for automatic synchronizing and parallel op-
eration:

remote-operated generating set ci

generati
power qupply in a dual mutual standby mode with
the mains supply acting as standby.

6.11 Plarallel operation

This is & multi-set installation, possibly in conjunc-
tion with a mains incomer that implies parallel op-
eration {see ISO 8528-1:1993, 6.3.2).

Parallellng requires that the incoming generating
set be synchronized; this may be executed either
manuall or automatically. The process of
synchropizing involves voltage and frequency ad-
justment to bring the incoming machine into
synchrohism and phase with the existing system.

6.11.1 Manual operation

The follpwing controls and instrumentation are es-
sential for manual synchronizing and parallel oper-
ation:

— gengrating set circuit breaker, contacter or load
swit¢h;

— shor}-circuit protection;

— voltage-adjusting device, if applicable;

— freqyency-adjusting device;

— synchronizing lamps?, Zero voltmeter¥ or syn-
chrokcope to indicategrade of frequency slip and
phage location;

— revefse-power protection;

— actile-power meter;

— ammeter;

— voltmeter:

The follpwing controls and instrumentation are rec-

rcuit breaker

or load swiich having a correspgnding short

closing time;
short-circuit protection;

voltage-adjusting device, if applicaljle (for reac-

tive load level correction);
frequency-adjusting device (for acti
correction);

automatic active load*sharing contrg

reverse-power protection;
automatic synchronizer;

e load level

synchronizing mode selection switch, MANUAL/

AUTO®!,

ammeter;
voltmeter;
active-power meter.

The following controls and instrumentation are rec-
ommended:

double voltmeter (incoming set and

bus);

double frequency meter (incoming It and bus);

synchronizing lamps?®, zero voltm
chroscope to indicate grade of frequ

erd or syn-
ency slip and

phase location;
— over-current protection with shor-circuit dis-
crimination;
— reactive power meter;
— automatic reactive load-sharing control;
— automatic power factor control®.

6.12 Means of stopping

When a stop system is required, it is hecessary to
provide a device which, when operatgd, will inter-
rupt the supply of fuel into the enging combustion
chamber. Any such device shall be arranged so as

ommended:

— double frequency meter (incoming set and bus);
— double voltmeter (incoming set and bus);

to remain in the “stop” position until thle engine has
completely © :

NOTE 3 In addition, an air shut-off valve may be re-
quired in the event of overspeed.

3) Switching-in has to be carried out so accurately that the “brightness” of lamp is not a sufficiently sensitive guide.

Synchronizing lamps should only be an additional equipment.

If synchronizing lamps are used, a multiple lamp combination should be connected so as to produce rotary light showing

the state of synchronization.

4) When using a zero voltmeter, the voltage has to be matched before the frequency.

5) The use of a synchronizing mode selection switch necessitates the equipment listed in 6.11.1.

6) Only needed for parallel operation with a commercial power system.
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When activated by an automatic safeguard or pro-
tection relay, manual resetting of the stopping de-
vice should normally be possible.

7 Generating set monitoring

Monitoring means observation of the generating set
operation to verify correct functioning by measure-
ment or protection and supervisory control par-
ameters (see table 1).

in terms of engine output per kilowatt of generator rating
and a maximum voltage drop.

7.2.3 Underspeed protection

A.c. generators may be susceptible to damage if
operated below their synchronous speed at normal
voltage for extended periods. In such cases, means
shall be provided to protect them.

7.2.4 Reverse-power protection

71 Electricr—iwsk-umen(a“en
Generating s¢ts shall be fitted at least with a

voltmeter and [an ammeter as a standard. Additional
instrumentation for parallel operation is given in
6.11.

Sets with outputs of more than 100 kW should be
fitted with a frequency meter and hours-run counter.
For three-phage sets, voltage and current should be
measured at 3ll phases.

7.2 Electrical protection and supervisory
control

7.2.1 Over-cyrrent protection

Protection agpinst overload only requires discon-
nection of the|generator from the load, if necessary.

Protection against short circuit may be provided by
a conventionadl circuit breaker with an over-current
release.

To ensure, where necessary, short-circuit selectivity
(short-circuit giscrimination) over-current protection
relays or fusef in series in a circuit shall be chosen
so that the rdlay or fuse closest to the fault breaks
first.

Coordination pf short-circuit protective devices shall
be the subject of agreement ‘between the generating
set manufactyrer and customer.

NOTE4 See| ISO 8528-3:1993, 10.2, for generator-
sustained short-circuit~current influence ensuring selec-
tivity of the prqgtective system.

All generating sets operating in parallel sHall be
provided with reverse-power protection] The
reverse-power relay shall safely , discriminate
reverse-acting engine load torque to.trip the gener-
ator breaker within a short time delay.

7.2.5 Load protection, load shedding

Generating set operation) may, under certain cir-
cumstances, result in“output characteristics ¢f volt-
age and/or frequency-unacceptable to certain items
of equipment which form part of the electrical load.
The customer shall specify such limits as may be
acceptable and shall give information abqgut the
necessary--over/under-voltage and overjunder-
frequenty protection.

In.case of overloading, a preferential tripping $ystem
shall be included so that, in case of emergency,
loads have to be shed to maintain the supply] within
the desired tolerances. The system shall shed the
least-essential loads.

7.2.6 Control-circuit protection

All control and instrumentation equipment [should
be adequately protected against over-current.

7.2.7 Earth-fault protection

Earth-fault protection may be applied to the|gener-
ating set or to the system to which it is conpected.
The applicable relaying scheme mainly dppends
upon the given neutral earthing methods of the sys-
tem (see figure 2).

7.2.2 Motor starting

Generating sets supplying induction motors shall
satisfactorily handle the motor starting currents.

These starting currents sometimes may represent
considerable values compared to the rated current
of the generator. In such cases, special consider-
ation of generator over-current protection relays
may be required.

NOTE 5 Technical data published by engine/generator
manufacturers generally include motor starting capability

Earth fault is commonly provided by three relaying
schemes detecting the zero-sequence current.

a) Residual relaying scheme [see figure3a)]

Earth-fault current is detected by sensing the
current remaining in the secondary of the three-
phase summation current transformer. Earth-
fault relay in current transformer neutral
connection carries current only when an earth
fault occurs.

b) Earth sensor scheme [see figure 3b)]
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A window-type core-balance current transformer
encircles all phase conductors (cable current
transformer). The earth-fault relay detects un-
balance and catches the zero-sequence current
component. For loads connected line-to-neutral,
the core-balance current transformer also en-
closes the neutral conductor.

c) Neutral earth scheme [see figure 3c)]

Earth-fault current is sensed by an earth-fault
protection relay as transformed by a zero-

ISO 8528-4:1993(E)

manufacturer and customer considering the output
and application of the generating set.

The following engine operation parameters shall be
monitored (see table 1):

— low lubricating oil pressure;

— engine overspeed;

— engine coolant temperature;

— belt failure (air-cooled engines).

Depending on the application of the generating set,

the following additional engine operation par-

To obtairn selectivity, restricted earth-fault protection
is usually employed. This form of protection moni-
tors only a specific zone, normally the generator
stator windings, up to the points where the detecting
current transformers are fitted. Earth faults outside
this protg¢cted zone are restrained from tripping by
directional earth-fault relaying. In the case of low-
resistan neutral earthing, relay polarization is
done by pero-sequence current and, in the case of
high-resigtance neutral earthing, by zero-sequence
voltage.

Unrestricled earth-fault protection may be provided
as for a gingle independent generating set.

For fixed fhigh-voltage generating sets it is advisable
to have the benefit of earth-fault protection.

Special gare shall be taken in the case of single
low-voltage generating sets operating independently
for tempqrary supply.

Coordination of earth-fault protective «devices may
be the sybject of an agreement between the public
electricity board, the customer and-the generating
set manufacturer.

7.3 Engine protection system

Selection[and extension of protective and monitoring
devices for the RIC-engine shall be agreed to by the

ameters may be recommended to be m@nitored:

— coolant level;

— exhaust gas temperature;

— lubricating oil temperature;

— fire protection means)“in accordance with
1ISO 6826.

Table 1 gives further \recommended engine monitor-
ing features.

When the monitored engine parameters|exceed the
permissible~operating limits, one of the following
actions shall’'be engaged:

— alarm only (without stopping);
— calarm and load disconnection;
=< “alarm and immediate shut-down.

The alarm may be visual and/or audible

7.4 Engine instrumentation

Depending on the application and the rated engine
power, instrumentation may be applied by agree-
ment between the manufacturer and customer.

The engine shall be fitted with a gauge(to indicate
lubricating oil pressure, and may be fitted with a
tachometer and gauges for lubricating qil tempera-
ture and coolant temperature (see table {).

This instrumentation will usually be lociated at the
engine itself.
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Table 1 — Parameters for generating set monitoring and control devices

(For special applications or special types of generating sets systems, alternative or additional provisions may
be necessary.)

Monitored
1) 1)
No. Parameter limit value OGrade of demand Instrumentation Grade of demand
high low REQ | HRE | REC REQ | HRE l REC
Generating sets

1 Engine pverspeed? x - x — —

2 Failure [to start3 4 — - X Optical and/or acoustical sig- x
nal?

3 Battery|voitage3 4 - x x Optical and/or acousticalsig- x
nal4

4 Battery|charger failure? 4 — — x — —

5 Fuel leyeld 4 x x x Optical and/or@goustical sig- x
nal

6 Startingd air pressure? 5 - x x Automatic'modulation control X
for-automatically operating
generating sets

7 Starter [pinion repeater®) — — X — —

8 Protection hold-off timer - —_ X — -

9 Start dglay?® — - x - —

10 Engine ptop delay at no-load — — X - —

speed"’F‘) 7
1 Generator breaker trip after — — X — —
load defreased) 8 9)

12 | Duty seilector switch® — — x — —

13 Frequel\cy —_ — — Frequency meter X
Double frequency meter in
case of synchronizing

14 Frequepcy protection? X X X — —

15 Voltage — — — Voltmeter X
Where applicable with switch
to read 3-phase voltages
Double voltmeter in case of
synchronizing

16 | Voltage protection? x x x _ _

17 | Speed setting'® — — x _ —

18 | Voltage setting?® — — x — —

19 Mains voltage sensing'! — — X — —

20 | Preheating system? — — % _ —

21 | Operating hours - — — Hours-run counter X

22 | Current — — — Ammeter for each phase x
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Monitored 1 1
No. Parameter limit value Grade of demand Instrumentation Grade of demand
high low REQ I HRE | REC REQ | HRE | REC
23 Active power -— — — Active power meter; single- x10) x
phase metering allowed when
load exactly balanced
24 Power factor — — — Power-factor meter X
25 Reactive-power — - — Reactive-power meter X
26 Synchronization - — X Synchroscope, zero voltmeter X
equ pment? 10) or synchronizing lamps
27 Short-circuit protection X - x — —
28 Overload protection x — X — -
29 Timg-delayed over-current X - X - -
pro1ection12)
30 Volthage restraint over-current X — X — -
protection3)
31 Dirgctional time over-current X - X > —
protection?) 14)
32 Reverse-power protection10) — — X - —
33 | Sysfem-disconnection device® — — x — —
34 Reative-current limiting de- — - X — —
vicep! 15)
35 Sysfem earth-fault protection — — X — —
36 Statpr earth-fault protec- - - X — —
tion(4 18
37 Diffgrential-current - - X - —
prot}ction” 7) 14) 16)
38 | Unbplanced-load protection!?) x — X — —
Engine
39 Spegd 4 - X Tachometer X
40 Lubficating oil pressure — X X Lubricating oil pressure gauge X
41 Lubricating oil temperature X — X Lubricating oil temperature X
gauge
42 Lubficating oil ievel — X X — —
43 Englne coolant temperature X — X Coolant temperature gauge X
44 Eng'ne cpolant level? - x x — —
45 | Belt failure'® - — x — -
46 Cooling fan failure — — X — -
47 Exhaust gas temperature X — X Exhaust gas temperature X
gauge
48 Starting — — X Starting counter x
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No.

Monitored
Parameter limit value

high low REQ | HRE

Grade of demand"

REC

Instrumentation

Grade of demand")

REQ | HRE | REC

Generator

Temperature-responsive over- X —
load protection®

prote:

Rotor earth-fault — —

ctiont4) 20)

51

Loss

of field protection10) 14) 21) — —

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
1)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)

REQ: Re:
Usually
For auto

huired. HRE: Highly recommended. REC: Recommended.
ot employed for generating sets below 100 kW.
matically operated generating sets.

Required for safety services installations.
CompreTed-air-started engines.

Electrica
For low-

ly cranked engines.
boltage generators of more than 2 MV"A.

For pargllel operation together with commercial power system.

No-brea

change-over of genset to mains.

For parjallel operation.

Standb

When
For hig
Undue

To obtj

-to-mains control.

enerator supplies insufficient sustained short-circuit current.
h-voltage generators.

Generdtor shall be de-excited.

In caseg
For air
Usually
Usually
Mediur

cooled engines.

not used with brushless generators.
h- and low-speed generating sets.

ong time voltage deviation of commercial power system (> +\5 %).

in selectivity, preferably definite time lag for short-circuit protection; inverse time lag for overload protection.

of continuous operation on undue unbalanced load system. Also for open-phase protection.

not employed for high-voltage generators when:temperature sensors of thermistor type are embedded in stator|windings.

10
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- . Mains supply distribution

1 - T T e T ar s
| | [ l N L L [ | I |
J I RN I I |
| I |1 —gsn | | I |
N N T S R O O S SR U N SO IO 1 I SO IR
Ay 4 y Y
!
2 g 2 5 2 2 2 g’
- L e ¢ ¢ z
g 3 2 §¢g g8 ¢ g 38 g 3
55 5 %4 83 s 5 23 5 a
[CRN© o OE 4«7 O = < (6] =
Type A: Fype B: Combined Type C: Combined
Sole genset genset/mains genset switchgear with
switchgear  switchgear (preferably incorporated C.0.S.1 Load distribution

for parallel, operation)

C.0

(preferably for standby-
to-mains duty)

for standby-to-mains duty)

.S. = Change-over switching device (electrically @ mechanically interlocked).

Figure 1 — Generating set switchgear schemes

G
A
N
lal
resistor
a) Solid b) Reactance c) Low-
earthing earthing resistance
earthing

Earthing
resistor

Type D: éenset swftcﬁgear
with remote C.0.S."

(preferably

Common bus

Breakers

Unit step-up transfprmer

Distribution transformel

s

d) Low-resistance earthing
of multiple source
system (one earthing resistor

and switchgear)

— resistor

e) Distribution
transformer (earthing
with secondary
resistor)

Figure 2 — Generator neutral earthing methods

1"
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Current
transform

12

u 2 L|3

Generator circuit

breaker
[A]
-

=]

A G
— (1T 2—* | —] NeutrJI

L8 - el

] '_l _"l '/—\‘_d Earthing sensor relay

5 relay 1

— Earthing ?___
£ Residual 1 i ¢

L F l:arsrle :ta L resistor Lt
current

relay

a) Residual relaying
scheme (not applied to low-
voltage 4-wire system)

Figure 3 — Earth-fault protection detecting zero-sequence current

b) Earth sensor scheme
(usually current transformer ratio
50 A/5 A or 100 A/5 A)

c¢) 'Neutral earth scheme
(usually current transformer ratio
earth fault C./5 A
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