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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MOBILE AND FIXED OFFSHORE UNITS -
ELECTRICAL INSTALLATIONS -

Part 2: System design

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for,

all ngtional

international co-operation on all questions concerning standardization in the elegctxi
this epd and in addition to other activities, IEC publishes International Stanard

Technfical Reports, Publicly Available Specifications (PAS) and Guide
Publigation(s)”). Their preparation is entrusted to technical committees;
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governmental organizations liaising with the IEC also participate ig thi

with t
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3 possible, an int
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misinterpretation by any end user.
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5) IEC itpelf does not proyide
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other
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Publig
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subject of
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oldludiu TEL U ToJdzL=2 TidsS DECIT prepdaicu Uy TEGW elrinmniar CUITHTI

Electrical installations of ships and of mobile and fixed offshore units.

tee 18:

This second edition cancels and replaces the first edition published in 2005. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

e the d.c. voltage given in clause 1 has been updated to 1 500 V, to ensure consistency
through all parts of the IEC 61892 series;

e Clause 4 has been rewritten, such that all requirements to emergency power are now
given in 4.3;

o the tables for nominal a.c. voltages have been updated in accordance with the last
revision of IEC 60038;
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the requirement to cross sectional area for earthing conductors has been made dependent
on the system earthing arrangement;

requirement for emergency stop for motor-driven fuel-oil transfer and fuel-oil pressure
pumps has been added.

The text of this standard is based on the following documents:

FDIS Report on voting
18/1240/FDIS 18/1255/RVD

voting i

This publication has been drafted in accordance with the ISO/IEC Difet

A list of|all the parts in the IEC 61892 series, under the genersa title™x v fi bffshore
units — Electrical installations, can be found on the IEC websit

ed until
he data

The committee has decided that the contents of thi
the stability date indicated on the IEC web site
related o the specific publication. At this date, t

« reconfirmed,
* with@drawn,

* replaced by a revised edition, or
*+ amepded.

A bilingpal version of this pyblicqtion ma that a later date.

The contents of tl;}\/a co

43 have been included in this copy.
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INTRODUCTION

IEC 61892 forms a series of International Standards intended to enable safety in the design,
selection, installation, maintenance and use of electrical equipment for the generation,
storage, distribution and utilisation of electrical energy for all purposes in offshore units,
which are being used for the purpose of exploration or exploitation of petroleum resources.

This part of IEC 61892 also incorporates and co-ordinates, as far as possible, existing rules
and forms a code of interpretation, where applicable, of the requirements of the International
Maritime Organisation (IMO), a guide for future regulations which may be prepared and a
statement of practice for offshore unit owners, constructors and appropriate organisations.

This stgndard is based on equipment and practices, which are in cur t is not

The ultimate aim has been to produce a set of International s for the

offshorg petroleum industry.
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MOBILE AND FIXED OFFSHORE UNITS -
ELECTRICAL INSTALLATIONS -

Part 2: System design

1 Scope

This part of IEC 61892 contains provisions for system design of electrical installations in
mobile Jand fixed units used in the offshore petroleum industry for dr|II| , production,
processing and for storage purposes, including pipeline, pumpin i gtations,
compresgsor stations and exposed location single buoy moorings.

It appligs to all installations, whether permanent, temporary, t held, to
a.c. insfallations up to and including 35 000V and d.c. i 'Icluding
1 500 V| (a.c. and d.c. voltages are nominal values). Thig ither to

fixed equipment used for medical purposes or to the electrical i ) ns oftankers.

2 Normative references

The foll
are indig
undated references,
amendments) applies.

erenced in this documnent and
the edition cited applies. For
c erenced document (including any

IEC 60038:2009, /EC standard w

IEC 60092-101:1994, | al\i liations\in ships — Part 101: Definitions and |general
requirements

IEC 600 ations in ships — Part 504: Special features —| Control

IEC 604 aSi Q etyNotrinciples for man-machine interface, marking and idenfification
— Actua (NCiple

IEC 60933, Ele 3nd electronic installations in ships — Electromagnetic compatibility

IEC 60 nq_n, Short-circuit currents in fhrnn_phaen ac eyefnme = Part Q: Calculation of
currents

IEC 60909-1, Short-circuit currents in three-phase a.c. systems — Part 1: Factors for the
calculation of short-circuit currents according to IEC 60909-0

IEC 60947-2:2006, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers

IEC 61363-1, Electrical installations of ships and mobile and fixed offshore units — Part 1:
Procedures for calculating short-circuit currents in three-phase a.c.

IEC 61511 (all parts), Functional safety — Safety instrumented systems for the process
industry sector
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IEC 61660-1, Short-circuit currents in d.c. auxiliary installations in power plants and
substations — Part 1: Calculation of short-circuit currents

IEC 61892-1:2010, Mobile and fixed offshore units — Electrical installations — Part 1: General
requirements and conditions

IEC 61892-3:2007, Mobile and fixed offshore units — Electrical installations — Part 3:
Equipment

IEC 61892-5, Mobile and fixed offshore units — Electrical installations — Part 5: Mobile units

IEC 61892F200F—Mobie—and—fxed—offshore—urits Eleetrical—iHns Part 7:
Hazardaous areas
IEC 62271-100:2008, High-voltage switchgear and controlgear — P4 >current

circuit-Breakers
SOLAS| International Convention for the Safety of Life at S¢
IMO MQDU Code, Code for the Construction and EquipmentQf Ma

Qffshore Drilling Units

IMO C € Regulations for Préventing

IALA Rd ¥ of Man-Made Offshore Structurés

ICAO, |

3 Terms and defi

purpose@

3.1 AC sys

For the and the

followin

3.1.1
single-p
system

Note 1 tolentryn.In somegountries this is designated as a two-phase system.

3.1.2
three-phase three-wire a.c. system
system comprising three conductors connected to a three-phase supply

3.1.3

three-phase four-wire a.c. system

system comprising four conductors of which three are connected to a three-phase supply and
the fourth to a neutral point in the source of supply

3.2
arc-flash hazard
a dangerous condition associated with the release of energy caused by an electric arc

[SOURCE: IEEE 1584:2002, 3.1]
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3.3
availability
the state of an item of being able to perform its required function

[SOURCE: IEC 60050-603:1986, 603-05-04]

3.4

backup protection

protection which is intended to operate when a system fault is not cleared in due time
because of:

— failure or inability of a protective device closest to the fault to operate, or

— failufeof a protective device, other than the protective device clozest the fault, to
operate

[SOURCE: IEC 60050-448:1995, 448-11-14, modified]

3.5
centralized control
control of all operations of a controlled system from one c

3.6
computer-based system
system fhat consists of one or more pragrammsg
periphefals and software necessary ta

lections,

3.7
continuity of service

condition, that after a fault
re-estahlished

a circuit rcuits is

Note 1 tolentry  See circui

3.8 Q
continuity of sup

condition that duying
perman

in a circuit, the supply to the healthy cifcuits is

Note 1 to

3.9
control
function egulate the behaviour of equipment or systems

3.10
control position

control station

group of control devices by which an operator can control the performance of a machine,
apparatus, process or assembly of machines and apparatus

3.11 DC systems of distribution

3.111
two-wire d.c. system
system comprising two conductors only, between which the load is connected
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3.11.2

three-wire d.c. system

system comprising two conductors and a middle wire, the supply being taken from the two
outer conductors or from the middle wire and either outer conductor, the middle wire carrying
only the difference-current

3.12

diversity factor

demand factor

ratio of the estimated total load of a group of consumers under their normal working
conditions to the sum of their nominal ratings

3.13
fail-to-gafe

principl¢ by which a failure or malfunction of a component of the sys
automatfically adjust to a predetermined safe state

causgs.its.dutput to

[SOURCE: IEC 60050-191:1990, 191-15-04, modified]

3.14
function
elemenflary operation performed by the system whjch, /4 \ i mentary
operatigns (system functions), enables the syste 3

3.15
high voltage
the set ¢of voltage levels in excess of loy

[SOURCE: IEC 60050-601;

3.16
hull return system
system |n which 4 3 ¢ areNprovided for connection to one pole or phase of the
supply, |the stru sed for

3.17

integrit
capabili
conditio

b stated

[SOUR(

3.18
low voltage

a set of voltage levels used for the distribution of electricity and whose upper limit is generally
accepted to be 1 000 V a.c.

[SOURCE: IEC 60050-601:1985, 601-01-26]

3.19

control room

room or spaces where centralized controls and measuring and monitoring equipment for main
equipment and essential auxiliary machinery are located together with the appropriate means
of communication
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3.20

maintainability

ability of an item under given conditions of use, to be retained in, or restored to, a state in
which it can perform a required function, when maintenance is performed under given
conditions and using stated procedures and resources

[SOURCE: IEC 60050-191:1990, 191-02-07]

3.21
over-current
a current exceeding the rated current

[SOURCEIEC 60050-441:1984 441-11-06]

3.22
over-current discrimination

co-ordination of the operating characteristics of two or more o
such thiat, on the incidence of over-currents within stated ¢
operate|within these limits does so, while the other(s) does

devices
nded to

[SOURCE: IEC 60050-441:1984, 441-17-15]

3.23
overload

operating conditions in an electrically caydse an over-current

[SOURCE: IEC 60050-441:1984, 441-11-8

3.24
partial discrimination
partial selectivity
over-current discrimina

devices|in series the p
level of short-ci @

3.25
primary
system

otective
a given

stion with the main source of electrical power

3.26
reliabili
the prok
time interval

item can perform a required function under given conditions for[a given

| — Nl N aYaVa¥mllal 404 dA000. 404 4.0 04 oL L1
[SOURCEHEE 666561911990 19 +=12=0tmodified]

3.27
safety functions
functions intended to prevent harm or danger to personnel

3.28

secondary distribution system

system having no electrical connection with the main source of electrical power, e.g. isolated
therefrom by a double-wound transformer or motor-generator

3.29

short-circuit

accidental or intentional conductive path between two or more conductive parts forcing the
electric potential differences between these conductive parts to be equal to or close to zero
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[SOURCE: IEC 60050-195:1998, 195-04-11]

3.30

software

programme, procedures and associated documentation pertaining to the operation of a
computer system and including application (user) programme, middleware and operating
system (firmware) programme

3.31 Sources of electrical power

3.31.1
emergency source of electrical power
source pfete DOWE chded to supply the en

5 hilure of
the supply from the main source of electrical power

3.31.2
main squrce of electrical power

source ¢f electrical power intended to supply all services neces
normal pperational and habitable condition

B unit in

3.32
stand-bly generator
a generator set ready to start-up for prompt coupfi

[SOUR(

Note 1 to

3.33
system
collectign of componern

crimin

Ur

3.34

total di
total se
over-cu
devicesl|i
the oths

otective
causing

3.35

voltage
a sudd ion of\the voltage at a point in the system, followed by voltage recovery after
a short Y

[SOURCE: TEC 60050-604:1987, 604-01-25]

3.36

voltage drop

change of the voltage between two given terminals of an electric circuit due to the change of
the operating conditions

[SOURCE: IEC 60050-151:2001, 151-15-09]
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Before a fault During a fault After a fault

Continuity of supply

Continuity of services

EC 300/12

Figure 1 — Continuity of supply/continuity of service

4 Sources of electrical power

4.1 General
Electrical installations shall be such that:

a) All electrical services necessary for maintaining the unit in normal operational and
habitable condition shall be assured without recourse to the emergency source of
electrical power.

b) Electrical services essential for safety shall be assured also under various emergency
conditions.

NOTE 1 Examples of essential services are given in 4.3.14.
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c¢) When a.c. generators are involved, the design basis of the system shall include the effect
of inrush current of e.g. large motors, transformers, capacitors, chokes and subsea high
voltage cables, connected to the system. The voltage dip due to such current shall not
cause any motor already operating to stall or to have any adverse effect on other
equipment in use.

Consideration regarding harmonic distortions should be given to installations with a high load
from power semiconductor systems.

d) The voltage profile of the system shall be confirmed by studies as defined in Clause 9.
Voltage tolerances are given in IEC 61892-1. The total voltage drop between generators
or transformers and load under steady state conditions shall not exceed the following

values:
AC gystems: — normal continuous load 6 % of nominal vol
DC gystems: 10 % of nominal voltage

The voltage dip/drop should be calculated from the™ di ion gulating
facilitied y ith ta 5

bor of the load. WHere this
otor starting condjtions is

Voltage|dip/drop calculations should ta
is not khown, a value of 0,85 for no
recommlended.

Where g > & in order to maintain functiopality or
performance, then specifie™e s wade to confirm values of voltage drop,
particularly in cables.

NOTE 2
4.2 Main sou

4.2.1 The main
fixed units other s
to apprg y

ets. For
subject

ovoltaic
ution of
bl be in

For sm{g
cells or
the eleag

4.2.2 The generating plant, switchboards and batteries shall be separated from any
hazardous areas according to IEC 61892-7. Batteries, e.g. for nav-aid systems, may be
accepted in hazardous areas, provided the batteries with enclosure are certified for the area
in question.

NOTE 1 The hazardous area generated by the battery itself is not covered by this requirement.

NOTE 2 For small units, where space limitations require installation in hazardous area it is acceptable to have
power generation and power distribution in such areas, provided that all the equipment have a suitable degree of
protection.

4.2.3 The capacity of the generators shall be such that in the event of any one generator
being stopped, it shall still be possible, without recourse to the emergency source of electrical
power, to supply those services necessary to provide:

a) normal operational conditions and safety, however, it is not required that full operation
shall be maintained with one generator being stopped,;
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b) minimum comfortable conditions of habitability.

NOTE Minimum comfortable conditions of habitability include at least adequate services for lighting, cooking,
heating, domestic refrigeration, mechanical ventilation, sanitary and fresh water.

Arrangement of generator sets shall be such that a common fault cannot disable all generator
sets, or otherwise cause loss of all generation.

Systems as e.g. fuel system, cooling system, lubrication system, control system for the
generator sets shall be segregated as far as practically possible.

The functioning of the main power system shall be ensured in the event of a fire in the
space(s) containing the emergency source of power.

4.2.4 \Where electrical power is normally supplied by one of the dunit's ing sets,
arrangements such as load shedding shall be provided to ensure the unit
with redard to station-keeping, propulsion and steering, is at le a unit
having the machinery space manned.

4.2.5 |fl the electrical power is normally supplied by mode the S ating in
parallel] provisions shall be made by means such - ropriate
separation of the switchboard busbar to ensure th i N\loss of one ¢of these
generat|ng sets, the remaining set(s) are kept in op f station-
keeping], propulsion and steering, and to ensure

4.2.6 Iff main power is supplied extern irement
of 4.2.3|b) is met by a local generator.

If main |power is supplied ment of
4.2.3 b) is met by a loca supply.
The local generator sh

4.2.7 V) ‘ rt of the
electricgl supply@ sure the
same c¢ntinuity o c

NOTE R

4.2.8 A erators,
shall be control
station)

43 E

4.3.1 A self-contained emergency source of electrical power shall be provided as reqpired by
the appropriate—authority—FProvided—that—suitabte —measures —are takerm for —safeguarding

independent emergency operation under all circumstances, the emergency source of
electrical power may, in exceptional cases and for periods of short duration, be used to supply
non-emergency circuits subject to agreement by the appropriate authority.

The emergency power supply system shall comprise a combination of UPS, and if necessary
a diesel engine driven generator. For fixed offshore units a power cable from another
independent unit may be considered as alternative to a diesel driven engine, depending on
the approval of the appropriate authority.

NOTE Regarding units in arctic regions, reference is made to Annex B of IEC 61892-1:2010.

For units where the main source of electrical power is located in two or more spaces which
have their own systems, including power distribution and control systems, completely
independent of the systems in the other spaces and such that a fire or other casualty in any
one of the spaces will not affect the power distribution from the others, or to the services
required by 4.3.14, the requirements of 4.3.1 may be considered satisfied without an
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additional emergency source of electrical power, subject to approval of the appropriate
authority.

The power available, duration of supply and services provided for safety in an emergency
shall be as required by the appropriate authority.

The emergency switchboard should be installed as near as is practicable to the emergency
source of power. The emergency switchboard and the emergency source of power
(emergency generator) can be located in separated rooms close to each other. Emergency
main distribution board for lighting and small power should be located in an emergency
switchboard room or similar. There is no such restriction concerning emergency distribution
panels.

4.3.2 The emergency source of electrical power, any associated tran
emergency switchboard and related cables shall not be located in apy
main squrce of electrical power or other equipment presenting a
compariment having direct access to such space(s).

ent, the
ihing the
poom or

For mobile and floating production units the location shall be Qn\p bermost

continugus deck or equivalent and shall be readily acce

Rooms jor compartments in which the emergency spurce of gle trlc s$ociated
transforming equipment, or the emerg ed from
any mag¢hinery space containing the ¢nain QX artitions

as defined in the IMO MODU Code.
ratien.of the ®
‘

anged/so as to permit total electrical separation
from tHe main pow service, interconnection from the main
switchbpard sh rgency switchboard provided that audtomatic
interruption of th t i a e_emergency switchboard is ensured in the ¢vent of
failure df the main sg i

For fixed units the reqmrement for sep
in accordance with the req

and emergency power plant jshall be
thority.

The emfergency powe

The fun
space(s

power systems shall be ensured in the event of fine in the
yrce of electrical power.

4.3.3 WK 8 eigergengy source of electrical power is a generator it shall be:

a) drivg i ¢ prime-mover with an independent supply of fuel and cooling medium;
b)

ower to
ystem;

c) provided with a transitional source of emergency electrical power according to 4.3.1.

Further consideration should be given to other conditions affecting the emergency generator
prime mover such as environmental conditions, etc.

NOTE For starting arrangements of emergency generators, see 4.4.

4.3.4 Prime movers for emergency generators shall have as few automatic safety functions
as possible in order to ensure continuous operation. Normal prime mover and generator
protection shall be provided if running unattended for test of the emergency generator or if it
is used as a harbour generator.

4.3.5 For floating units the emergency generator and its prime mover and any emergency
accumulator battery shall be designed to function at full rated power when upright and when
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inclined up to the maximum angle of heel in the intact and damaged condition, as stated in
IEC 61892-5.

4.3.6 Where the emergency source of electrical power is an accumulator battery it shall be
capable of:

a) carrying the emergency electrical load without recharging whilst maintaining the voltage of
the battery throughout the discharge period within £ 12 % of its nominal voltage;

b) automatic connection to the emergency switchboard in the event of failure of the main
source of electrical power supply; and

c) immediately supplying at least those services required for the transitional source of
electrical power ind 37

4.3.7 The transitional source of emergency electrical power required 4 ¢) ©R4.3.6 shall
consist |of an accumulator battery suitably located for use in ap ich shall
operate| without recharging whilst maintaining the voltage of the but the

discharge period within + 12 % of its nominal voltage a supply
automatically in the event of failure of either the main or the source Of €lectrical
power t shall be
sufficien hority.
For mol

NOTE A

4.3.8 A ergency
battery

439 T

4.3.10 Provision shall ergency
power gystem a bnd any
transitignal syst battery
discharge operatio

4.3.11

main g€
with tha
emerger

eléctrical power can be used for the purpose of sfarting a
ar blackout condition if its capability either alone or combined
electrical power is sufficient to provide at the same {ime the

Where fthe mean tarting a main generator set from a power blackout condition is solely
electrical and/the emérgency source of electrical power cannot be used for this purppse, the
means for.starting the generator set to be used for start-up from the power blackout cpndition
shall be provided with starting arrangements at least equivalent to those required for starting
the emergency generator set.

4.3.12 During changeover from the main source of electrical power to the emergency source
of electrical power, an uninterruptible power supply (UPS) system shall ensure uninterrupted
duty for consumers which require continuous power supply, and for consumers which may
malfunction upon voltage transients.

4.3.13 All testing, manual operation, starting, transfer of power and stopping of emergency
generator, shall be possible to be performed by one operator at one location (emergency
generator control panel).

4.3.14 The emergency source of electrical power shall be sufficient to supply all those
services that are essential for safety in a case of emergency for at least 18 h or for the time


https://iecnorm.com/api/?name=d95d5a31a470e46981f57da87c69a816

61892-2 © IEC:2012(E) -21-

defined by the appropriate authority. Due regard shall be paid to such services as may have
to be operated simultaneously.

The most common services are the following:

a) navigation and obstruction signals and lights, as required by the relevant authority;

b) lighting of all zones essential for survival such as escapeways, personnel lift cars and
trunks, boat boarding stations;

c) external communication systems;

d) fire detection, fire alarms and emergency fire fighting equipment operating on electric
power;

e) equipment, operating on electric power, at life-saving stations serving" platform
disembarkation;

f) emefgency shutdown systems;
g) safety telecommunication systems;
h) gengral alarm;

i) equipment to be used in connection with the drilling pro emerggncy (for

exarpple blow out preventer systems);
j) equipment essential for the immediate safety of d
k) gas detection and gas alarm;
[) integnal communication systems réqui

m) any pther emergency or essential syste

n) light 5 under
eme

o) all ppwer-operated wa

p) for helicopter openation i . helideck status lights, wind direction ipdicator

illumination, a as required by the relevant authority;

q) all permanen
from an emerge

rs servicing equipment required to be powered

r) sufficient nu and ballg@st pumps to maintain safe operations during emgrgency
conditi

NOTE T i aly i ay’have specific requirements to which limited drilling operations to b¢ possible

upon loss| N R i ay be e.g. circulation of mud, rotation of drill string tubular etc.

4.4.1 Emergency geherators shall be capable of being readily started in their cold cpndition
down tolaMemperature of 0 °C. If this is impracticable, or if lower temperatures are likely to be
encountered, consideration shall be given to the provision and maintenance of heating
arrangements, applicable to the appropriate authority, so that ready starting will be assured.

4.4.2 Each emergency generator, which shall be automatically started and be capable of
supplying the services mentioned in 4.3.14 within 45 s. The starting arrangements shall be
acceptable to the appropriate authority and with a storage energy capability of at least three
consecutive starts. A second source of energy shall be provided for an additional three starts
within 30 min.

4.4.3 Where both the main and secondary start arrangements are electrical, the systems
shall be independent and include two chargers, and two batteries.

Consideration should be given to the provision of two starter motors.
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4.4.4 Provision shall be made to maintain the stored energy at all times.

4.4.5 All starting, charging and energy-storing devices shall be located in the emergency
generator room. These devices shall not be used for any purpose other than the operation of
the emergency generator set. This does not preclude the supply to the air receiver of the
emergency generator set from the main or auxiliary compressed air system through a non-

return valve fitted in the emergency generator room.

4.4.6 For a unit which is normally manned the readiness of the emergency generator to start

shall be indicated in a manned location, for example the control room.

4.5 Additional requirements for periodically unattended machiner

4.5.1 Units intended for operation with periodically unattended
comply with 4.5.2 to 4.5.6 inclusive.

4.5.2 In the event of failure of the generating set(s) in servicé
the autgmatic starting and connection to the main switchbo
sufficient capacity to supply those services necessary to edsur
regard to station-keeping, propulsion and steering, is-af_Te
having the machinery space manned.

453 T
be sequentially started if necessary.

454 T
be sucH
practica

455 A
generat

456 R

46 @
4.6.1

The sys

When sizing-the systém, the following shall be taken into consideration:

s shall

ing set of
init with
f a unit

ich may

e stand-by generating set shall
full load as quickly as is slafe and

a given

nditions

— environmental conditions;

— geographic location;

— solar radiation;

— days foreseen with “no sun”;

— required energy by the loads (Wh/day);

— energy for preferential load supply;

— rated voltage and current;

— photovoltaic module maintenance coefficient;
— ageing factor;

— efficiency of storage battery.

NOTE For further information on photovoltaic design and systems, see IEC 60904 series and IEC 61194.
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4.6.2 Eolic system

The system shall be sized in a way that guarantees the power for normal operating conditions
and ensures the supply of the loads even in periods of “wind lull”.

When sizing the system, the following shall be taken into consideration:

— environmental conditions;
— geographic location;
— ventilation;

— days foreseen with “wind lull”;

— required energy by the loads (Wh/day);
— enerngy for preferential load supply;

— rated voltage and current;

— wind generator maintenance coefficient;
— safely factor;

— efficjency of storage battery.

To allow for periods when there is no wind an altern shall be

installed.

To allov should
be fitted

NOTE F ¢ EC 61400 series and AWEA standards 3.1 and 6.1.

5 System earthing

51 General

Clause |5 gives requ entional
connectjon of the p SQi glegctrical power supply system to hull or structure.

NOTE 1 h earthing
patterns t

NOTE 2 and fault
currents ht on the

treatment

5.2 (General requirements

5.2.1 System earthing shall be considered for all electrical power supply systems in order to
control and keep the system’s voltage to earth within predictable limits. It shall also provide
for a flow of current that will allow detection of an unwanted connection between the system
conductors and earth, which should instigate automatic disconnection of the power system
from conductors with such undesired connections to earth. For an IT system (see Clause 6)
the insulation resistance shall be continuously monitored and an alarm shall be given at a
manned control centre.

Earth indicating devices should be so designed that the flow of current to earth through it is as
low as practicable, but in no case the current should exceed 30 mA.

Guidance to a system for the investigation of earth faults should be available.

5.2.2 The magnitude and duration of a potential earth fault current shall not exceed the
design capacity of any part of the electrical power supply system. For systems with earthed
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neutral the cross sectional area of each earthing conductor is to be based on the rating of the
fuse or circuit protection device installed to protect the circuit.

NOTE 1 Cable earthing conductors serving a system under fault conditions with a cross-sectional area equal to
the cross sectional area of the power conductors carrying current under normal conditions will normally fulfil the
requirement.

NOTE 2 For systems with isolated neutral an earth conductor rated in accordance with IEC 61892-6:2007, Table 1
can be used.

NOTE 3 Further information can be found in IEC 60364-5-54:2011, 543.1.2.

5.2.3 Where an earthed system is divided into two or more sections, means for neutral
earthing shall be provided for each section.

NOTE Fpr installations in hazardous areas, see IEC 61892-7.

eed fox_cominuous
emnv@eciding

5.2.4 For emergency power systems consideration shall be given ¢
operatign of the consumers supplied from the emergency po
between earthed and isolated systems.

A systdgm with isolated neutral should normally be
consumers.

the emgrgency

5.2.5 AC uninterruptible power systems (UPS)

5.3 Neutral earthing methods

The selection of one of the following lectrical

power system shall be based on technical

— dire¢tly earthed (TN s

— impegdance earthed

— isolgted (IT s@m )

NOTE 1 [The principalfe t 3 ig”are presented in Table 2.

NOTE 2 ectéd to earth, the so-called "unearthed" or "isolated" system|is in fact
capacitivd capacitance to earth of the conductors throughout the system toggther with
any interf

5.4 : arthing fox systems up to and including 1 000 V a.c.

541 T t shall either be directly connected to earth or through an impedance.

EarthedlLneutral systems should be achieved by connecting the neutral point directly fo earth.
The earth loop impedance should be low enough to permit the passage of a current at least
three times the fuse rating for fuse protected circuits or one and a half times the tripping
current of any excess current circuit breaker used to protect the circuit.

In the case of impedance earthing, the impedance should be such that the resistive earth fault
current is higher than the capacitive current of system. The maximum earth fault should
however be limited to:

— — 100 A per generator;

— — 100 A per transformer.

5.4.2 Where phase to neutral loads shall be served, systems shall be directly earthed.

NOTE The neutral is defined for a polyphase only (see IEC 60050-601:1985, 601-03-10).
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5.5 Neutral earthing for systems above 1 000 V

5.5.1 Earthed neutral systems shall limit the earth fault current to an acceptable level either
by inserting an impedance in the neutral connection to earth or by an earthing transformer.
Direct earthing shall not be used for these systems.

The prospective earth fault current should be at least three times the values of current
required to operate any earth fault protective devices.

5.5.2 In the case of impedance earthing, the maximum earth fault shall be limited to a current
that a generator normally can withstand for a prolonged time without damage to the core.

In the case of impedance earthing, the impedance should be such that th ive ejﬁrth fault
current |s higher than the capacitive current of system, in general at le i igher. The
maximum earth fault should be discussed with the equipment manuf gence of

precise values the values in Table 1 can be taken as a guide:

Table 1 - Recommended maximum earth fault c n
ANS
Voltage Generator \ \\Tr\apéformer
11 kV 20 A per generatfﬁ ~ 20\9 per transformef
6,6 kV 20 A per gepeﬁelgr)/ N \Zf{A per transformef

ind efgtstXEZnsulation of the system.

For sys utomatic tripping devices should be
provided. Where the eart d 5 A, an indicator should be provided
as an alternative to an auto i

5.5.3 Efficient means shall be provided Tqr dete

NOTE Fpr supply to hazartlous areas,\an additional requirement is given in 5.3 of IEC 61892-7:2007.
J

5.6 Generator

5.6.1 W source
transfor berating
indepen| ly rated
for all p

5.6.2 T ate the
distribufion sys

5_6_3 .-: e - norm _,-- a ne ou a a orme a¥alla' - nnina aene torsare

significantly different, the resistor rating selection shall be dictated by the requirement to
ensure that the most insensitive earth fault protection on any incoming or outgoing circuit
operates positively with the smallest possible source of earth fault current connected to the
system.

5.7 Earthing resistors, connection to hull/structure

5.7.1 Earthing resistors shall be provided with insulation suitable for the phase-to-phase
voltage of the systems to which they are connected. They shall be designed to carry their
rated fault current for at least 10 s in addition to any continuous loading, without any
destructive effect to their component parts.

5.7.2 Earthing resistors shall be connected to the unit’s structure or hull. In addition earthing
resistors shall be connected together on the structure/hull side of the resistor, whereto also
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the protective earthing (PE) conductor of the distribution system shall be connected. Suitable
disconnecting links, which allow for measuring purposes, shall be provided.

The means of connection shall be separate from that provided at the unit’s structure or hull for
radio, radar and communications circuits in or to avoid interference.

Table 2 - Summary of principal features of the neutral earthing methods

Means of earthing

Not intentionally earthed
“Isolated”

Impedance earthed

Directly earthed

System voltage

All methods are potentially applicable (but note higher voltage systems are likely to

hava-hi nhnr VA - oarth fault Loy

r\|o

oakthod-conneatia

operatin en
be com

rhich may maka rlirr\nfly nS, or

low |mpedance methods, unattractlve) (

Overvolfages The most significant overvoltages are due to causes not fluen ed\hy tm\ﬁhod of
neutral earthing

Electric ghock risk All major installations are potentially lethal whate ho ofpeutr ’ting is
used g&\

Use of résidual current Will normally not function Use of residu A ceptable

device for electrical device with mA

safety

Use of 3fphase 4-wire
supply

Not acceptable

SC/IN

\ﬁéceptable

Depends on systgm

VAN

protection, depending on

impedance

Earth fatilt current Dep nds lm May be up to 50 %|greater
magnitugle capacitance but usyally valu typlc ly than symmetrical 3-phase

very low, e.g. 1 A \S\Q value
Sustaingd operation with Normally possible ible but not Not possible
earth faglt advisa epending on

/\ \mpe ce value

Minimunp earth fault Alar or\»hlcanon Alafm/indication, earth Over-current protegtion
protectign required faudt relay, over-current

bar fault raW

Switchg

May have to be rated on
single-phase-to eafth or
phase-to-phase-to{earth
value

Earth fa

it loc iN

sformers are fitted

If relays fitted, faults
self-revealing. Otherwise
shall be located
manually

Faults are self-revealing
on over-current

Fire risk|

Very low, provided that

carth-fault current does

Risk of igniting flammable gases. High impeda

ce

not exceed 1 A. Prolonged
fault may present a hazard

faults- canlead-to hnrning at fault location-

Flash hazard (phase-to-
earth)

Low
High

Increasing

Availability of suitable
equipment

Similar generation and distribution equipment is

applicable on all systems

Allows use of land based
equipment designed for

TN-S systems
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6 Distribution systems

6.1 DC distribution systems
6.1.1 Types of distribution systems
The following types of distribution systems are considered as standard:

a) two-wire with one pole earthed but without structure or hull return system — TN system;
b) three-wire with middle wire earthed but without structure or hull return — TN system;

c) two-wire insulated — IT system.

The strdcture or hull return system of distribution shall not be used.

The requirement does not preclude, under conditions approved by pprophate quthority,
the use [of:

— impressed current cathodic protective systems;
— limited and locally earthed systems, e.g. engine starting

— insulation level monitoring devices provided the ci ot exceedq 30 mA

under the most unfavourable conditions.

In earthpd d.c. systems electrochemicalcorrosig

Where the following Figures 2 to 5 showeartkhing 3 ific pole of a two-wire d.c. |system,
the dedision whether to earth the pgSitive © egative pole should be basgqd upon
operatia

NOTE 1
used havg

em codes

First lette
T = dinect connet

I = all

Second Ig

T = dinectel any point
of

N = ding m (in a.c.
syple int is not
avpi

Subsequg

S = protective function provided by a conductor separate from the neutral or from the earthed line (or in a.c.
sysiems earihed phase) conductor;

C = neutral and protective functions combined in a single conductor (PEN conductor).

NOTE 2 The following is an explanation of the symbols used in Figures 2 to 9 inclusive (see IEC 60617-DB):

Neutral conductor (N)

7 Protective conductor (PE)

Combined protective and neutral conductor
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6.1.2 TN d.c. systems

Figures 2, 3 and 4 illustrate a TN-S d.c. system, a TN-C d.c. system and a TN-C-S d.c.
system respectively.

~ L+
PEN (d.c.)
— L—
e PE
System a) PR
e
|
N _
Earthing of system IEC 301/12
~ JaN L+
PEN (d<. /‘\ \\)
J— _J,\ ’ "
\/ K \/\ -
’ PE
System b) N o N
\/ _u_'__ e B e T
| | | 1
N — | = .
— [ i [ i
— —I__ Exposed-conductive-parts
arthihg of system o 0z

NOTE The earthed line conductor (for example L—) in system a) or the earthed middle wire conductor (M) in
system b) are separated from the protective conductor throughout the system.

Figure 2 — TN-S d.c. system
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NOTE 1
are comb
in system

NOTE 2

~ L+
o PEN (d.c.)
Y
System a) — USSR -
1 ! o
! q )
N B i
P —
i ——I Exposed-conductive-parts
Earthing of system IEC \303/12
N~ L+
— PEN (d.k.)
N~
J— L—
System b)

— Exposed-conductive-parts
of system IEC 304/12

ofthe earthed line conductor (for example L-) in system a) and the protective ponductor
) S e cepductor PEN (d.c.) throughout the system, or the earthed middle wire conquctor (M)
b) and«prafective\conductor are combined in one single conductor PEN (d.c.) throughout the sygtem.

TN-C, systems are not allowed in hazardous areas, see IEC 61892-7.

Figure 3 — TN-C d.c. system
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~ L+
PEN (d.c.) P 7 bE
L—

System a) |

L

Exposed-conductive-parts

Earthing of system
TN-C system TN-$/3ystem Q
TN-C-S d.c. system \ \ ‘\/
\2 305/]2
~ L+
PEN (d.c.) >
— ] PE
~ &
[\/\ Q M
System b)@ Q
Q \/\ @ | . i
\‘y_‘” Exposed-conductive-parts
Earth syste
TN-C system TN-S system
TN-C-S d.c. system
IEC 306/12

NOTE The functions of the earthed line conductor (for example L-) in system a) and protective conductor are
combined in one single conductor PEN (d.c.) in parts of the system, or the earthed middle wire conductor (M) in
system b) and protective conductor are combined in one single conductor PEN (d.c.) in parts of the system.

Figure 4 — TN-C-S d.c. system
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6.1.3 IT d.c. systems

Figure 5 illustrates an IT d.c. system.

System a) PR

IEC 307/12

- L+
— — M
_ N (r\ \ L

System b)

(¢

Exposed-conductive-parts

Earthing of exposed-
conductive-parts
IEC 308/12

Figure 5 — IT d.c. system

6.1.4 DC voltages

Table 3 gives recommended values of nominal voltages and maximum voltages allowed for
unit service systems of supply:
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Table 3 — Voltages for d.c. systems

6.2 AC distribution systems

6.2.1
The foll

— threg
— threg
— threg

6.2.2
The foll

— threg
— threg

— threg
syst

— sing
— sing

— sing
outld

— single

syst

NOTE F

Application Nominal voltages Maximum
voltages
\%
\%
Power 110, 220, 600, 750, 1 000 1 500
Cooking, heating 110, 220 500
Lighting and socket outlets 24, 110, 220 500
Communication 6, 12, 24, 48, 110, 220 250
Supplies to lifeboats or similar craft 12, 24, 48 55
Instrumentation 24467226 f""

Primary a.c. distribution systems

pwing systems are recognised as standard for prima

rthed — IT systems;
systems;
d but without structure or hull retur

6.2.3

system.

h — TN

socket-

m — TN

TN power systems have one point directly earthed, the exposed conductive parts of the
installation being connected to that point by protective conductors. Three types of TN system
are considered according to the arrangement of neutral and protective conductors as follows:

— TN-S system (see Figure 6): in which throughout the system, a separate protective
conductor is used;

— TN-C-S system (see Figure 7): in which neutral and protective functions are combined in a
single conductor in a part of the system;

— TN-C system (see Figure 8): in which neutral and protective functions are combined in a
single conductor throughout the system.
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— 33 -

L1 o
L2 o
L3 o
N o 2
PE L . ,
*$ Jr
N L N U WU A § 11 _1_. 1

NOTE S

NOTE N

Earthing of system

eparate neutral and protective conductors are used throughout

Figure 6 — TN-S a.c.

Exposed-conductive-parts

IEC 310/12

eutral and tive functions are combined in a single conductor in a part of the system.

Figure 7 — TN-C-S a.c. system
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L1 o

L2 o

L3 o

PEN o—A

L — e A\
Exposed-conductive-parts

Earthing of system

NOTE 1

NOTE 2 |TN-C systems are not allowed in hazardous areas, see

6.2.4 IT a.c. systems

The IT power system has all live part { carth™or one point connected fo earth
through of the electrical installation being
earthed|i system (see Figure 9).

1)

Impedance

i HLPE

prnqu-r‘nndl |r‘fiv_e_-par1<

Earthing of system
IEC 312/12

1) The system may be isolated from earth. The neutral may or may not be distributed.

Figure 9 — IT a.c. system

6.2.5 AC voltages and frequencies

Tables 4 and 5 give the maximum voltages allowed and the recommended values of nominal
voltages and frequencies for a unit’s service systems of supply.

Voltage and frequency shall be chosen in accordance with IEC 60038:2009. The values
applicable are given in Tables 4 and 5.
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In Table 4, the three-phase four-wire systems and single-phase three-wire systems include
single-phase circuits (extensions, services, etc.) connected to these systems. The lower
values in the first and second columns of Table 4 are voltages to neutral and the higher
values are voltages between phases. When one value only is indicated, it refers to three-wire
systems and specifies the voltage between phases. The lower value in the third column is the
voltage to neutral and the higher value is the voltage between lines.

Two series of highest voltages for equipment are given in Table 5, one for 50 Hz and 60 Hz
systems (Series 1), the other for 60 Hz systems (Series Il — North American practice). It is
recommended that only one of the series should be used in any one country. It is also
recommended that only one of the two series of nominal voltages given for Series | should be
used in any one country.

NOTE Tpble 4 and Table 5 are in accordance with IEC 60038:2009, except that that NOTE nd NOTE 2 in
Table 4 has been added.
Table 4 — AC systems having a nominal voltage‘\be n
100 V and 1 000 V inclusive and related <€|\Ln'p\en

-~
Three-phase four-wire or three-wire systems %ngNase\Qree-wire slystems
Nominal voltage \ WI voltage
\Y \Y
50 Hz 60 Hz
- 120/240°
230°- -
230/400 2 -
400/690 b -
1000 N \(\ 00 -

AN 6
NOTE 1| 440 V and §90 M systéms are als L}A@ Hz systems, e.g. for drilling applications and FHSOs".
NOTE 2| The thre s ee-wire voltage 230 V was not used in the previous version of the [Table in
IEC 61892-2 publishe {\/2%{{

eWM/%o V and 240/415 V systems which has been completed in
er, 220/380 V and 240/415 V systems still exist.

r
a  The is

Euro

®  The
othe

resilt of 380/660 V systems which has been completed in Europe aphd many

¢ The Iso used in some countries.

4 The 100/20Q V are also used in some counties on 50 or 60 Hz systems.

1 FPSO = Floating Production, Storage and Offloading Vessel.
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Table 5 — AC three-phase systems having a nominal voltage above 1 kV
and not exceeding 35 kV and related equipment 2

Series | Series Il
Highest voltage Nominal system Highest voltage Nominal system
for equipment voltage for equipment voltage
kV kV kV kV
3,6 3,3b 3b 4,40P 4,16 P
7,2b 6,60 6D - _
12 11 10 - -

17,5) - (15)

of the s

approxipnately + 10 % from the nominal vo
voltage |does not differ by more than +5 % an

24 22 20
_ —_ —_ e
36 d 33d 30 -
40,54 - 35d
NOTE 1 Itis recommended that in any one country the ratio Wetw ould be
not lesq than two.
NOTE 4 In a normal system of Series I, the re than

stem.

ystem of Series Il, the |highest
n —10 % from the nominal|voltage

The

voltd
d  The

€ The
use

a  Thege systems are generally three-wire| syst un
voltages between phases.
con
thege values should ng

b These values should rjot be

¢ Thege system

values indicated in pa ergd ds non-preferred values. It is recommend

ge to neu

unification o

therwise indicated. The values indicdted are

¢ and 24,2 kV or 25,8 kV for highest voltage for equipment @re also

ed that

6.2.6

For disfribution systems above 500 V the control voltage shall be limited to 250 V
when all.‘control equipment is enclosed in the relevant control gear and the dis
voltage is—ret-higherthan4-0060 -

except
ribution
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7 Distribution system requirements

71 Earthed distribution systems

7.1.1 Means of disconnecting shall be fitted in the neutral earthing connection of each
generator, if installed, so that the generator may be disconnected for maintenance.

7.1.2 In distribution systems with neutral earthed and generators intended to run with
neutrals interconnected, manufacturers shall be informed so that the machines can be
suitably designed to avoid excessive circulating currents. This is particularly important if they
are of different size and make.

7.2 Methods of distribution

7.2.1 The output of the unit’s main source of electric power can he
consumers by the way of either:

upplied<to the| current

a) brarch system, or
b) meshed network or ring-main.
7.2.2 The cables or bus ducts of a ring-main or other logpéed

section |boards in a continuous circuit) shall be forfhed/©
carrying and short-circuit capacity for any possib

(e7g. intercomnecting
pith sufficient [current-

7.3 Balance of loads
7.3.1 Balance of load on three-wirg d.c. sys
Currenticonsuming units ¢
grouped in such a way thag, undé€r nortmakcaons

is balanced as far as p
and section boards as

BaIanc@

nductor and the middle wire ghall be
oRrs,the load on the two halves of the system
ribution

7.3.2

d in the
s far as
boards

For a.c.
final cir
possiblg
as well

74 F

7.4.1

A separatefimatcircuitshattbeprovided-forevery motor requiredforamessentiat-service and
for every motor rated at 1 kW or more. Final circuits rated above 16 A shall supply not more
than one appliance.

7.4.2 Final circuits for lighting

Final circuits for lighting shall not supply appliances for heating and power except that small
galley equipment (e.g. toasters, mixers, coffee makers) and small miscellaneous motors (e.g.
desk and cabin fans, refrigerators) and wardrobe heaters and similar items may be supplied.

In a final circuit having a current rating not exceeding 16 A, the total connected load shall not
exceed 80 % of the set current of the final circuit protective device.

In the absence of precise information regarding lighting loads of final circuits it should be
assumed that every lamp holder requires a current equivalent to the maximum load likely to
be connected to it.
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7.4.3 Final circuit for lighting in accommodation spaces

Final circuit for lighting in accommodation spaces may, as far as practicable, include socket-
outlets. In that case, each socket-outlet counts for 120 W.

7.4.4 Final circuits in offices and workshops

Final sub-circuits in offices and workshops cannot be evaluated as 120 W for a socket-outlet
but need to be evaluated according to actual/estimated load.

7.4.5 Final circuits for heating

Each hesa -
of total ,onnected current rating not exceeding 16 A may be connected Qla sing

e fina] circuit.
Separate transformers should be used for supply to trace heating sy

7.5 Control circuits

7.5.1 Supply systems and nominal voltages

As the ¢ ay down
detailed e given
to choosi

Where rotected
against 50 V.

7.5.2 Circuit design

Control [circuits shall b iQ i f , i , n these
circuits do not impair the

In partigcular, cc@

resulting from a faud
malfuncti i

dangers
b cause

NOTE A
case of a

i¢es in the

7.5.3

Unless [automatic tarting is required, motor control circuits shall be designed so as to
prevent|any’motor from unintentional automatic restarting after a stoppage due to ovesrl-current
tripping or a fall in or loss of voltage, if such starting is liable to cause danger.

Where reverse-current braking of a motor is provided, provision shall be made for the
avoidance of reversal of the direction of rotation at the end of braking, if such reversal may
cause danger.

7.5.4 Protection

Short-circuit protection shall be provided for control circuits including signal devices.

Where a fault in a signal device would impair the operation of essential services, such devices
are to be separately protected.
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7.5.5 Arrangement of circuits

For essential duties, consideration shall be given to monitoring associated control circuits to
ensure, as far as is practicable, that such circuits are readily available for service.

7.6 Socket-outlets

7.6.1 Socket-outlets for portable lamps and small domestic appliances may be grouped
together as mentioned in 7.4.

7.6.2 Socket-outlets for systems above 250 V shall be rated not less than 16 A.

7.6.3 here differing distribution systems supplying socket-outlets are/in use, the|socket-
outlets and plugs shall be of such design that an incorrect connection ¢

7.6.4 Socket outlets rated above 16 A such as welding socket outls and do
not need to be rated for simultaneous full load for all outlejs 3 ; bn shall
ensure [that all circuit components including cables are fully\p sted N [ of the
possiblg actual load.

7.7 Shore connections for mobile units

7.7.1 Slubclause 7.7 is applicable to mobile during

docking

7.7.2 W\ power from a source dn shore
or elsey alled on the unit for the coerenient
receptig e. Fixed cables of adequate rating shall
be provided between the térm g in or emergency switchboard.

7.7.3 An earth terming Jed f nrecting the hull to an appropriate earth.
7.7.4 The shor S ided with an indicator at the main or emergency
switchb S

7.7.5 M
three-ph

ehecking the polarity (for d.c.) or the phase sequence (for
supply in relation to the unit's system.

7.7.6 A
supply and
for carrying oUt the co

a notice shall be provided giving full information on the system of
woltage (and frequency if a.c.) of the unit's system and the prpcedure
nection.

7.7.7 Prouvsions—shall - be made for securing the. +ra|l|ng cablesto the framework!so that

mechanical stress is not applied to the electrical terminals.
7.7.8 Any transformer used for shore-connection shall be of the double-wound type.

7.7.9 The maximum short-circuit rating of the distribution system shall be higher than the
short-circuit level of the shore supply system.

7.8 Motor circuits
7.8.1 Starting of motors

Each motor above 1,0 kW shall be provided with separate controlgear ensuring satisfactory
starting of the subject motor. Depending on the capacity of the generating plant or the cable
network, it may be necessary in certain cases to limit the starting current to an acceptable
value.
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The supply of the motor controlgear auxiliary circuits or the design of this equipment shall be
such that proper functioning is not affected by the voltage dip on the main circuit during
starting.

7.8.2 Means of disconnection

Means shall be provided for the disconnection of the full load from all live poles of supply
mounted on or adjacent to a main or auxiliary distribution switchboard. A disconnecting switch
in the switchboard may be used for this purpose. Otherwise, a disconnecting switch within the
controlgear enclosure or a separate enclosed disconnecting switch shall be provided.

7.8.3 Starters remote from motors

When tH e motor,

either alminimum of one of the following shall be arranged or equal sa hined:

— provjsion shall be made for locking the circuit disconnecting in the

— an additional disconnecting-switch should be fitted near the

— the fuses in each live pole or phase should be so Arrange S readily
removed.

7.8.4 Master-starter system

For spefcial applications a single mag i olling a

number motor,

under-v ve than

that req

Where the master starteKi means

shall be|provided for m

8 Diyv

8.1 F

The cab

8.2 (i

Circuits he total

connect actor in

accordalnce with 8.3™and 8.4.

Where spare circuits are provided on a section or distribution board, an allowance for future
increase in load shall be added to the total connected load, before the application of any
diversity factor. The allowance shall be calculated on the assumption that each spare circuit
requires not less than the average load on each of the active circuits of corresponding rating.

8.3  Application of diversity (demand) factors

A diversity (demand) factor may be applied to the calculation of the cross-sectional area of
conductors and to the rating of switchgear, provided that the known or anticipated conditions
in a particular part of an installation are suitable for the application of diversity.

8.4 Motive power circuits — General

The diversity factor shall be determined according to the circumstances. The normal full load
shall be determined on the basis of the rating plate ratings of motors.
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In the assessment of diversity factors of a.c. motive power circuits, account shall be taken of
the relatively small decrease in current consumption of partially loaded motors.

9 System study and calculations

9.1 General

The final selection of conditions to be covered shall be agreed with the unit's owner, and
according to the requirements of the appropriate authority. The studies and calculations shall
reflect the installed power rating, and the complexity of the electrical system. Additions and
alterations in existing electrical system, temporary or permanent, shall be evaluated
accordingly

In ordef to confirm the design of the electrical system and to con{irm the ratings of the
equipment selected system studies shall be carried out. The syste all be{chosen
from:

— elecfrical load study: to determine major equipment ratings

— load| flow calculations: to check voltage profiles and™>gjrcuit i ly state
conditions;

— short-circuit calculations: to analyse fault curr griety of
symetrical, i ) These shall be ysed for
equipment specification, and controf a € ication and setting pyrposes;

— protegction discrimination study: to ¢ electkical protection settings to [provide
corre i Yol i to isolate minimum amount of
plant in the case of a fault;

— power system dynamic6a i \ 8 ansient and dynamic performjance of

power systems after 't disturbances. These shall be |used to

chegk the ability of

e ihduction
e re-accele

insertion of switched reactors or capacitors;

e energization of submarine cables;

— calculation of harmonic currents and voltages: to analyse the magnitude and location of
harmonic distortions within the power system.

The system studies and calculations are important operational documents. They should be
updated as necessary when changes are done to the installation.

Flash hazard risk assessment should be considered for switchboards. Arc-flash calculations
and tagging should be performed as described in IEEE 1584, or corresponding IEC standards.

NOTE The objective of the flash hazard assessment is to increase personnel safety by determining the arc-flash
incident energy exposure during work on or near electrical equipment. The results are used to implement safety by
design measures such as:

— limit incident energy by system design and equipment selection (minimize fault current magnitude);


https://iecnorm.com/api/?name=d95d5a31a470e46981f57da87c69a816

-42 - 61892-2 © IEC:2012(E)

— integrate equipment safety barriers by use of fast acting protective devices adjusted to interrupt arc currents

and consider arc detection system (minimize fault duration);

— consider remote operation requirements;

— provide specific input information for operational risk assessments to determine consequence upon arc-flash

incidents.

9.2 Electrical load study

An electrical load list shall be prepared to establish the electrical power requirements

throughout the installation.

Based on analysis, load shedding shall be applied when required in order to avoid a blackout.
Load shedding can be implemented by shedding of individual/groups of consumers or by

approprjate separation of switchboard busbars.

Care should be taken to ensure that the response time is suffi
sheddinlg system to perform its function and maintain a stable el

Load esftimates should be carried out for all operational co
— drillipg;

— maxjmum power consumption including all syste
— normal power consumption required for full op
— life qupport;
— emefgency;
— minimum load required for full operation with g
An electrical load profile & %r

the entire lifetime of the installatipn.

Separate load studie
during pre—oper

— onsH

— float
— decK
— insh
- tow
— offsh
— harbour stay / docking.

ity loads disconnected.

normal operations, as far as possib

to establish the temporary load requi

he load

le, over

rements

9.3 Load flow calculations

Steady state load flow calculations shall be carried out for the operational conditions giving

maximum peak load and minimum load based on loads determined in 9.2.

The following data should be calculated:

magnitude and phase angle of the busbar voltages;

active and reactive power production and load at the busbars;
— active and reactive power flow in cables and transformers;

— power losses;

— busbar and cable ampacity at given ambient temperature;

— recommended setting of the transformers tappings;
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— voltage rise in long runs of high voltage cables.
9.4  Short-circuit calculations

9.4.1 The fault currents that flow as a result of short-circuits shall be calculated at each
system voltage for three phase, ’phase-to-phase”, and “phase-to-earth” fault conditions.
These calculated currents shall be used to select suitably rated equipment and to allow the
selection and setting of protective devices to ensure that successful discriminatory fault
clearance is achieved.

The fault current shall be calculated for maximum and minimum system supply.

nade to
for d.c.

For ge
IEC 61
systems.

In ordef to be assured of reasonable accuracy, the study should be be suitable
computer software calculation programme. The contribution ould be

included in the study, preferably by direct dynamic modg include
break a ure that
tolerang bwed to
account studies
showing 1363-1,
IEC 609 n which
may be ons are
carried referred
method making

the calc

9.4.2 T aults and after fault clearance shall also
be ascertained to ensuxe t due to
low voltages or overstress|

The voltage disnc also be
ascertained to en 2 b to low
voltages

In asses$si ansi Qrmance of the system, accurate modelling of any aditomatic
voltage 3 overnor
system

9.43 T \ of fault currents shall include the fault current contributions from
generatprs and synhchronous and induction motors, and consideration during the first instant
of fault |cufrént shall be specified for power semiconductors. Both the a.c. symmetr|cal and
d.c. asymmeftrical componenis of fault currents shall be calculated at all system voltages.
Offshore units fed from onshore utility companies shall have fault infeeds obtained from the
utility company concerned, and they shall exclude any decrement associated with fault
duration, though maximum and minimum values consistent with annual load cycles and
anticipating utilities systems switching conditions should be obtained.

NOTE 1 The fault levels of utility company networks are subject to variation due to the amount of generation
plants which they may have connected, and also could be subject to variation due to the manner in which the
public utility operates the system (for example, line outages will affect fault levels, as will open busbar systems).

NOTE 2 For a.c systems where precise information of their characteristics is lacking, the contribution of
induction motors for determining the maximum peak value attainable by the short-circuit current (i.e. the value of
the current to be added to the maximum peak value of the short-circuit due to the generators) can be taken as
equal to 8 I, where /, is the sum of the rated currents of the motors estimated normally when simultaneously in
service (I, is an r.m.s. value). For preliminary calculation, IEC 61363-1 gives the following values:

—  For motors rated more than 100 kW:

sub-transient short-circuit current: 6,25 In;
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symmetrical short-circuit current at T/2: 4 /.
peak value of the short-circuit current: 10 /, .
—  For motors rated less than 100 kW:
sub-transient short-circuit current: 5 /;;
symmetrical short-circuit current at T/2: 3,2 /;

peak value of the short-circuit current: 8 /, .
The calculations based on these figures have to be confirmed.
NOTE 3 For d.c. systems in the absence of precise information, the contribution of motors in the determination of

the maximum value reached by the short-circuit current can be taken as equal to six times the sum of the rated
currents of the motors estimated to be normally in service simultaneously.

9.4.4 Three phase balanced fault current calculations shall be cafried
prospective circuit breaker duties and shall include:

e Asymmetric make capacity. Expressed in peak amperes and c& cygle after
faultlinception. Both a.c. and d.c. current decrements shall be~N

e Asymmetric break capability. Expressed in rms. amperes ca culateat a ti t which the
breaker contacts are expected to part and allowing a i i aneous
type| protection operation. Both a.c. and d.c. decrements ¢ selected
time

e Symmetrical break capability. Expressed in rms. Yo 2 i defined
in this subclause. This assumes ze for a.c.
decrement for the selected time.

9.4.5 (
the curr
whateve

ipment,
onstant

9.4.6 B otor fault current contributions ghall be

calculatp ive fault currents.
At the instant of@ i i a.C. peak symmetrical component and the d.c. component
shall be i tical. alyés shall be taken as the peak direct-on-line|starting

current,| thi ing’ djct he motor locked rotor reactance. Both these currents ghall be
taken t time using a.c. and d.c. short-circuit time constants
respecti tant should be determined by using the ratio of thg locked

rotor r¢g apdstill rotor resistance. The d.c. time constant should be
determi in ked rotor reactance and the stator resistance.

NOTE W ts_are ngt directly on the motor terminals, these time constants would be modified (preferably by
the integr € ggramme) to take account of external impedances to the point of fault.

9.4.7 The'calculation-of individual fault current contributions-shall be carried cut for individual

motors of significant ratings on the power system. All other motors on the system should be
treated as a number of typical equivalent motors of total rating equal to the connected rotating
loads, at different locations. The ratings of these equivalent motors shall be selected to be
consistent with the actual drives at a given location.

Generally motors with ratings 1 000 kW or greater should be represented as individual
machines. However, where there are multiples of these on a single busbar, they too may be
represented by lumped parameters.

9.5 Protection and discrimination study

A co-ordination study shall be carried out to determine the setting of the protective relays and
direct acting circuit breakers. See Clause 10.
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NOTE The objective of the co-ordination study is to maintain the system continuity by protecting the electrical
installations from possible black-outs and over-currents in order to minimise the effects of the fault.

9.6 Power system dynamic calculations

9.6.1 A stability analysis of the electrical power system shall be carried out and shall
comprise simulations of the system transient behaviour following disturbances during relevant
operational modes of the installation.

The simulations should include:

— direct on line starting of the largest motors;

— short-circuited feeders with clearance of the fault after set time delay-of the protective
relays or blowing time of the fuses;

s$et time
d;

— gengrator short-circuit with clearance of the fault and generat
delal of the protective relays. Based on the analysis, load shed

— gengrator trip. Based on analysis, load shedding may be re
— trip ¢of largest motor (or group of motors) of process planj;
— swit¢hing of reactors/capacitors;
— trangformer inrush calculations;

— enellgization of subsea cables.

The andlysis shall be carried out for t stability,

which shall be determined separately by ea

The anglysis shall prove that the system will restabiliseollowing the specified disturbances,
and that the transient voltage and frequenc iati motor slip, reacceleration and|start up

times are within acceptabf it

To verif namic study shall be closely co-ordinated with the
protecti

9.6.2 T i i odt with proven software programmes. Models for
generat i ge xegulatprs, governors, motors, transformers, cables arld loads

should s oven to give confidence in the results of the studi¢s.

In addit equivalent circuit models and data will be required. Generator
models 3lculations may require models for governor and automatic|voltage
regulatg , afice. In some cases the data for these models will not bg readily
availablg for<the_actyal system to be studied. It will therefore be necessary fdr some
judgemeny’ fo-be made on a suitable set of parameters to complete the dynamic caldulations

needed [for'the installation.

Any computer-based software programme equivalent circuit models used for studies and
calculations should have appropriate software support and validation checks available.

9.6.3 Generator operating charts shall be prepared to assist in assuring that generators are
always likely to be operated within their prescribed stability limits.

As a supplement to generator operating charts, dynamic models for prime movers and
associated controls should as far as practicable be verified against results from string tests
with load acceptance and rejection related to the actual generator sets.

The operating charts should be presented for voltages between 0,95 per unit to 1,05 per unit
in steps of 0,05 per unit. The charts should also contain those key machine parameters from
which the charts are constructed. e.g. Xy , Xq, etc.
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It is equally important that where system stability models are examined, the specific model for
the parameters used has validity. For example, where machine automatic voltage regulators
(AVR) and governors are used on particular machines, factory and site test arrangements
should be modelled and the predicted and actual behaviour of the machine or system can
then be compared with the model. In this manner some form of assurance can be obtained
from the system studied.

9.6.4 Transient stability studies shall be carried out on systems which include:

[

dissimilar generators;

O

generators operating in parallel with a utility company;

(¢

o

)

)

) synchronous motars:
) whefe power generation busbars are interconnected by appreciable i
)

D

larg¢ process plant systems representing a significant percenta bacity.

These gqtudies shall be used to determine whether synchronoug™machin i o loose
synchropnism after the most severe single disturbance.

A number of fault locations followed by plant disconne ied. Process or
emergency shutdowns, partial or complete, may repre j Nity problem if jnitiated

in one step.
NOTE Generally the most severe fault condition would eNa three-pliase It.applied at the generator blisbars for
a fault dyration determined by the protecting switchgea cleared results in the disconnectlon of the

largest single fault contributor from the system.

9.6.5 Where transient stability studies are_ungd in order to assess the apility of
generatprs to remain in sypchronism fq fawltdjsturbance, the steady state operating
condition before the fault 4 @ one)in which the spinning reserve of genefation is
kept at & minimum due.to assu intewance ofjthe largest onsite generator.

The primary obje < Q i i ® maximum acceptable fault clearing time, but
secondary obje, S ation of system open bus section points [and the
relationship betweér’i m these
studies. i also to

ensure system
perform actual
protecti ptection
settings|ere e system response to fault conditions might need to be re-sftudied.

9.6.6 S quency
perform yStem after a major disturbance for the period from fault inception to the

time whendsteady state equilibrium is reached. These studies shall require detailed alitomatic
voltage i ' '
state and will react positively in the time scales likely to be considered.

These studies are expected to illustrate successful system recovery. A decreasing oscillatory
voltage or frequency result where the average is within acceptable bounds would indicate a
satisfactory performance.

9.6.7 System stability studies shall be carried out to consider the effect of the loss of the
largest power supply component under a fault condition which causes no other electrical
disturbance. Where the transient frequency deviation is predicted to exceed 6 %, under-
frequency load-shedding schemes shall be considered. The stability studies shall be used to
define the minimum number and magnitude of the various stages of load shedding that will be
necessary to keep the frequency loss within acceptable limits.

NOTE Earth faults or mechanical system trip conditions do not normally result in motor loads being tripped by a.c.
contactors dropping off under low voltage, resulting in the greatest post-fault generation deficiency.
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9.6.8 Induction motor performance studies shall be carried out to demonstrate the ability to
start, re-accelerate or restart motor loads without their stalling or tripping under overload. Re-
acceleration studies shall determine whether motors re-accelerate after disturbances, for
example, when fault conditions or under-voltage conditions have cleared. Where motor restart
schemes are required, induction motor performance studies shall be used to define the
maximum number and magnitude of the various stages of restart that will be possible after
clearance of faults.

9.7 Calculation of harmonic currents and voltages

The content of harmonics in the power system shall be examined.

It may re@stricted
content

For sys ich is a
significs monics.
Consids g s of the
distribufion system so that safe operation is assured. ' in selecting
consum it ic |content
than specified in this subclause

Electric isions to
be madg Lipply, it
may be| i [ ed {0\the“same degree as the electrical
equipment it supplies

Special ich may
influenc| sent on
the geng

NOTE Fpr further infifmat

10 Protection

10.1 G

10.1.1 to and
including e of the
various ction in
order to

— contjnuity of supply;

— or at'Teast coniinuity of Service through discrimination or any other system of co-ordinated

action of the protective devices to maintain supply to healthy circuits in the event of a fault
elsewhere (see Figure 1);

— elimination of the effects of faults to reduce damage to the system and the hazard of fire
as much as possible.

Under these conditions, the elements of the system shall be designed and constructed to
withstand the thermal and electrodynamic stresses caused by the possible over-current,
including short-circuit, for the admissible duration.

10.1.2 Devices provided for over-current protection shall be chosen according to the
requirements, especially with regard to:

— overload;

— short-circuit;
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— earth fault as appropriate.

10.2 Characteristic and choice of protective devices with reference to short-circuit
rating

10.2.1 General

Protection against short-circuit shall be provided by circuit-breakers or fuses.

In some cases, and particularly for high voltage a.c. systems, it should be noted that certain
types of fuses have such characteristics for certain over-currents that they shall be arranged
to cause an associated breaker to trip these over-currents.

10.2.2 | Protective devices

Protective devices for short-circuit protection shall conform to the/re the IEC
standar@ls concerning circuit-breakers and fuses, but it shall be taken\i at the

conditions of the unit installations may differ from the those

publicatjons, in particular with reference to:

— the i 9 ¢ lower than that
assy ibuti

— the {

— the a.c. and d.c. decrement of shorj<sircuit eyrrext

As a c( making

capacity bystems

may be

In such making

capacity es with

normal

When s a ers with

short-cifcuit  releas preakers” of  utilisation category B (accordjng to

IEC 609
withstari

d, and shall be selected according to their rated short-time

High voltz

NOTE Fopr fi ircuits, Yow vgltage circuit breakers of category A are acceptable.

10.2.3 | Backup p

The use of a protective device not having a short-circuit breaking or making capacity at least
equal to the maximum prospective short-circuit current at the point where it is installed is
allowed, provided that it is backed up by a fuse or by a circuit breaker on the supply side,
having at least the necessary short-circuit rating and not being the generator circuit-breaker.

For low voltage systems, the short-circuit performance of the arrangement shall at least be
equal to the requirements of IEC 60947-2:2006 for a single circuit-breaker having the same
short-circuit performance category as the backed up circuit breaker and rated for the
maximum prospective short-circuit level at the supply terminal of the arrangement.

For high voltage systems reference shall be made to IEC 62271-100:2008.

When determining the performance requirements for the above-mentioned backup protection
arrangement, it is permitted to take into account the impedance of the various circuit elements
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of the arrangement, such as the impedance of a cable connection when the backed-up circuit-
breaker is located away from the backup breaker or fuse.

NOTE For low voltage switchgear further information can be found in IEC 60947-2:2006, Annex A.
10.2.4 Rated short-circuit breaking capacity
The rated short-circuit breaking capacity of every device intended for short-circuit protection

shall be not less than the maximum prospective current to be broken at that point in the
installation, unless when backup protection is used in accordance with 10.2.3.

10.2.5 Rated short-circuit making capacity

The ratéd short-circuit making capacity of every mechanical switching dévice intend¢d to be
closed on a short-circuit shall be adequate for the maximum peak vglu spective
short-ci ,

The cirg
without ppening within a time corresponding to the maximunx{i

capacity

If the short circuit level requires the use of self-pro i \ i s to be
specially considered in relation to the discrimination s ud \ iscyiminati nnot be
expecte(d if self-protected breakers are used.

10.2.6 | Co-ordinated choice of protecti
requirements

10.2.6.1 Continuity of supply of h ghall be
achievef by total discriming

The requirement to totp Is a part
of the gystem study. of the

individupl consu@

10.2.6.4 When co
devices

required, the operating characteristic of protective
dll be co-ordinated and verified.

10.2.6.3 estive 3 shall be capable of carrying, without opening, a cufrent no
less thgt th current at the point of application for a time required by a total
discrimi al discrimination up to the given short-circuit current level.

10.3 Choice,of protective devices with reference to overload

10.3.1 LMechanical switching devices

Mechanical switching devices provided for overload protection shall have a tripping
characteristic (over-current-trip time) adequate for the overload ability of the elements of the
system to be protected and for any discrimination requirements.

10.3.2 Fuses for overload protection

The use of fuses for overload protection is permitted up to 320 A, provided they have suitable
characteristics, but the use of circuit-breakers or similar devices is recommended above
200 A. For high voltage a.c. systems the use of fuses for overload protection is not
acceptable.
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10.4 Choice of protective devices with regard to their application
10.4.1 General

Overload and short-circuit protection shall be provided in each non-earthed line.

Short-circuit or overload protective devices shall not interrupt earthed lines unless all the non-
earthed lines are disconnected at the same time by multipole switching devices.

10.4.2 Generator protection

10.4.2.1 General

Generailors shall be protected against short-circuits and overloads circuit-
breakers. In particular, the overload protection shall be adequate for acity of
the gengrator.

For ovefloads between 10 % and 50 % the circuit-breaker shog S| i ime delay
corresppnding to a maximum of 2 min at not more that i P r 3 rrent of the
generatpr; however, the figure of 50 % and the time dela a3 if this is
required i

For over-currents in excess of 50 % where “insts 3 i ired, co-
ordinati i S

The ovedrload capability of the generator’s 3 irmed_i i ion.
Consids p ators to
ensure i S the case of substantial reduction of speed.

protective device used for overload prptection
be restored immediately after operatiop of the

Consids
of gene

10.4.2.2 (Le)) ajnst cuits and fault currents on the generator side

When g intéhdeckto operate in parallel, it is necessary to take account| of fault
currents 0 pe handled by the generator circuit-breakers if a shoft-circuit
were to

For ger]j e 2 MVA rating and for all high voltage generators, protection ghall be
provide i

Generators shall be equipped with a suitable profective device or system which, in the case of
a short-circuit in the generator or in the supply cable between the generator and its circuit-
breaker will de-excite the generator and open the circuit-breaker.

Some generators may not have current transformers in the star point to provide protection
against faults on the generator side of the circuit breaker. This arrangement should be subject
to agreement with the unit’'s owner and the appropriate authority.

10.4.2.3 Reverse power protection for a.c. generators

AC generators arranged for parallel operation shall be provided with time delayed reverse
active power protection.

The setting of protection devices is recommended in the range 2 % to 6 % of the rated power
for turbines and in the range of 8 % to 15 % of the rated power for diesel engines.
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A fall of 50 % in the applied voltage shall not render the reverse power protection inoperative,
although it may alter the amount of reverse power required to open the breaker.

The reverse power protection may be replaced by other devices ensuring an adequate
protection.

10.4.3 Protection of essential services

Where the load consists of essential services and non-essential services, consideration shall
be given to an arrangement which will automatically exclude non-essential services when any
one generator becomes overloaded and which will function to prevent the overload ability of
the generating sets being exceeded.

10.4.4 | Protection of transformers

The prijnary winding of transformers shall be protected agamst Itipole
circuit-breakers or by fuses. Circuit breakers for secondary wind d when
transformers are arranged for parallel operation.

Overload protection shall as a minimum be provided in the

Where [power can be fed into secondary wind buld be
considefed in the secondary connections.

10.4.5 | Circuit protection

10.4.5.1 Each distribution circuit sh -cirpuits by
means pf multipole circuit-t 0.2 and
10.3.

Care sh he case
of the s parallel
operatign.

10.4.5.2 ss than
50 mm?2

10.4.5.3 tion for
example 5 s88.10.46, or consuming devices which cannot be overloaded (for ¢xample
perman ¢ i

10.4.5.4 _Socket ottets for portable lamps and small domestic appliances shall be pfotected
with 30 mA*residual current devices (RCD).

NOTE RCD has limited value for an IT distribution system.
10.4.6 Motor protection

10.4.6.1 Motors having a power rating exceeding 1,0 kW shall be individually protected
against overload.

10.4.6.2 For motors intended for essential services, for example motor for fire water pump,
an alarm device may replace overload protection.

10.4.6.3 The protective devices shall be designed to allow current to pass during the normal
accelerating period of motors according to the conditions corresponding to normal use. When
the time-current characteristics of the overload protective device of a motor are not adequate
for the starting period of the motor, the overload protecting device may be rendered
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inoperative during the accelerating period provided that the protection against short-circuits
remains operative and that the suppression of the overload protection is only temporary.

10.4.6.4 Protective devices for continuous duty motors shall have a time delay characteristic
which ensures reliable thermal protection of the motors for overload conditions.

10.4.6.5 The protective devices shall be set to limit the maximum continuous current to
between 105 % and 120 % of the rated current of the protected motor. Special attention shall
be paid to ensure that the necessary correct protection settings are selected for motors
operational within hazardous areas.

10.4.6.6__For intermittent duty motors, the current setting and the delay characteristic (as a
function| of time) for protective devices shall be chosen after considering the™actual| service
conditiops.

10.4.6.17 When fuses are used to protect polyphase motor circuli i Bhall be
given to| protection against single-phasing.

10.4.7 | Protection of lighting circuits

Each lighting circuit shall be protected against overlog by suitable d¢vices.

10.4.8 | Protection of power from exte

Cables from external power sources to rotected

against pverload and short-circuit by fu

NOTE R

10.4.9 | Secondary c

Accumulator (storage) battexie engine starting batteries, shall be pfotected
against overloa short-cigcui vice placed as near as practicable to the hatteries
unless double insuyldted sahle i . Emergency batteries supplying essential serviges shall

have shprt-circuit p& on vnly)

NOTE T ingle ¢ S h\withTWwo independent layers of insulation will meet the requirement|of double
insulated

10.4.10 \ aters, pilot lamps and control circuits

Protecti be ehsured for indicating and measuring devices by means of fuses qr circuit
breakers.

For other circuits, over-current protection in circuitS such as those of voltage regulators
should be omitted where loss of voltage might have a serious consequence. If over-current
protection is omitted, means shall be provided to prevent risk of fire in the unprotected part of
the installation.

Voltage regulators should be protected separately from all other instrument circuits.
Over-current protection shall be placed as near as practicable to the tapping from the supply.

10.4.11 Protection of static or solid state devices

Appropriate protection shall be incorporated in the static or solid-state devices for protection
of the cells and to protect against the effects of internal short-circuits in the cells.
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Protection of the distribution circuit which connects the static or solid state device to the
source of power shall be given by means of a circuit-breaker whose tripping characteristics
are selected to co-ordinate with melting characteristics of the fuses, if used, so as to ensure
protection of the cells against all injurious over-currents.

10.4.12 Protection for heat tracing systems

The cable or tape units shall be supplied from (an) isolating transformer(s) with secondary
circuit neutral earthed and having a secondary voltage not exceeding 254 V.

The residual current operated circuit breaker shall have a trip current no greater than 30 mA.

10.5 Undervoltage protection

10.5.1 | Generators

For gengrators arranged for parallel operation with one another or Witk feeder,
measur¢s shall be taken to prevent the generator from closing\ i is not
generat|ng and to prevent the generator circuit breaker remaiging~connecte usbar if
the voltage collapses.

In casg of an undervoltage release provided for ghall be
instantaneous when preventing closure of the breakg p e ed for discrimination
purposgs when tripping a breaker.

10.5.2 [ AC and DC motors

10.5.2.1 Motors rated above 1,0 kW shat

a) undervoltage protectio Qry’or failure of voltage, to cayise and
maiItain the interrupti ted, or

b) undegrvoltage releage op &eduction or failure of voltage, but so arranged that

the motor restarts |[autgm excessive starting current on restoration of
voltage, provjded that the stact ich be controlled, e.g. by thermostatic, pneumatic
or hydraulicce sti eMequisite connection for a restart and that the
restarting of all ur simultaneously if it is necessary to ayoid, for

; may apply to several motors connected to a same blisbar or
bus-section; s i be provided by an under voltage protective device fitted on

10.5.2.2 Thexprotective devices shall allow the motor to start when the voltage i$ above
85 % ofl thel ratedhyoltage, and shall operate when the voltage is lower than approximately
20 % of|the rated voltage, at rated frequency, and with time delay when necessary.

Undervoltage protection need not necessarily be provided for motors which have to be
continuously available.

10.6 Overvoltage protection
10.6.1 General

Circuits such as generator and external power sources shall be provided with overvoltage
protection to avoid damage to the connected equipment.

10.6.2 AC machines

Adequate precautions shall be taken in high-voltage a.c. systems to limit and/or cope with
overvoltage due to switching etc. to ensure protection of a.c. machines.
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10.6.3 DC networks

For d.c. network, adequate protection shall be taken to reduce overvoltage due to switching.

11 Lighting

11.1 General

The design of lighting systems shall be based on safety requirements as well as visibility and
visual satisfaction for persons working in the environment. The following guidance lighting

levels can be used in the absence of specific authority required levels.

Special|consideration shall be made with respect to selection of the li colour with|respect
to discrimination of colours where required.

The lighting system shall be based on the following separation of<\the\syste

- genq

— emgdrgency lighting system supplied from the emergency ;

— escape lighting system supplied from a battery b

The gerjeral lighting system can be based on the stems if
all systems generally are in use and 8 i main source of ellectrical
power.

The avlerage illumination levels méntioned average
iluminapce, which is understood as, th ymination level at the timg where
maintenjance shall be cargied\qut

The sel Y eration in potential hazardous areas| as per
IEC 61892-7 an i isolation\of ignition sources in case of emergencies shall
be complied wit

It shoul 1¢ lighting level within the control rooms. This is also rglated to
night viq ith winddgws to the outside.

11.2 G

The ger igRENoN i jnation levels are given in Table 6. Special considerations ghall be
made fg if areas such as reading of gauges, meters and the use of visual display
units.
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Table 6 — General lighting illumination levels

Normal lighting

Emergengy hospital (if required)

AREA Average Minimum Maximum
illuminance illuminance illuminance
E (lux) E (lux) E (lux)
General outdoor areas 50 20 100
General indoor areas, corridors, 100 40 200
accommodation etc.
Stairways 150 60 300
Process areas — occasionally manned 150 60 300
Process areas — frequently manned 300 150 450
Drill floor] 300 150 ( 450
Control rpoms — Laboratories 500 250 (‘ N\ \(50
Engine rqoms — Pump rooms 200 80/\ \ 400,
Auxiliary engine rooms 200 /8Q \ W
Workshops 300 E 600
Switchboprd rooms 300 N80 NN\ 450
Offices 258, \ O\ 750
Laundry, |galley and mess area \I’ZQ \ 600
Hospital /.20 360
Hospital $potlight [\ 500, 150
Radio rogms N PS/O 750
120 360

Verifica

in general areas and at actual

The initial illumin

NOTE Tphe number o
based on

The area
K = (a*b)

Where k i
plane.

Any light

Tab

an even grid Ay«

Area index Number of points
Below 1 4

1 and up to 2 9

2andupto3 16

3 and above 25

11.3 Emergency lighting system

The emergency lighting level shall, as a minimum be 30 % of the general lighting level
requirement. Emergency lighting level shall not be below the escape lighting level requirement

as per Table 8.

or measuring in a given area is based on the area
he number of measuring points is given in Table 7.

rea

or level

ndex and

the work
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The location of emergency light fixtures shall be based on the need for light in the emergency
operation situation.

The emergency lighting system shall be switched on automatically in the event of failure of
the main source of electrical power.

The emergency lighting system shall:

ensure illumination for safe operation of emergency systems including manual operation

areas,

illuminate all accommodatlon spaces, control centre work Iocatlons escape routes;

illuminate the sea where life boats and life rafts are to be launched;

illuminate the identification system of the unit;

illuminate all spaces where loss of lighting presents a danger to

ensyre illumination for control stations that shall be operative unte
Hospitals and emergency hospitals, if any, shall be fully 6perati

Distribution boards for emergency lighting shall be eg tripped

circuit to a manned area.

11.4 Ejscape lighting system

The esgape lighting system shall, a eet the

illuminagion levels given in Table 8. hed on

automatically in the event of failure of the

The loc escape

situation.

The esd

— havd iep either
integ 2 a supply from an emergency generator. The|backup

shod

which personnel will muster and evacuate a unit, and

how s to be carried out; for example by helicopters and their
mobijli

illuntt aceommyodation spaces, control centre, work locations, escape| routes;
helig stHer possible evacuation locations such as lifeboat stations;

illunfinaté the

illuminaté all spaces where loss of lighting presents a danger to personnel;

ea where life boats and life rafts are to be launched;

illuminate all locations where operation of safety equipment can be necessary to bring the

installation to a safe stage.

Distribution boards for escape lighting shall be equipped for remote alarming of tripped circuit
in a manned location.

Table 8 — Escape lighting illumination levels

Escape lighting
AREA Average illuminance Minimum illuminance
E (lux) E (lux)
General outdoor escape routes 5 1
General indoor escape routes, corridors — 5 1
Accommodation, etc
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Escape lighting

AREA Average illuminance Minimum illuminance
E (lux) E (lux)

Stairway escape routes 5 1
Process areas — occasionally manned 5 1
Process areas — frequently manned 10 2
Drill floor 20 3
Control rooms 250 125
Engine room — Pump room 10 1
Workshops 10 — 1
Switchboprd rooms 10 /\\ 2
Offices 10 AN\
Laundry, [galley and mess area 5 \
Hospital 300 < \ \ 120>
Hospital $potlight 1000 /N \[ ot \ 500
Emergengy hospital (if required) 390/\ \ \\/ 120
Radio rogm é50m > 125
Loading gtations — muster stations (\\gp)/ /\ 3
Overside|(sea level) < <\\ 615 ( U ‘\, 2
Lifeboat ¢ Life raft stations \%) 3
Sea level[launching areas ( 15 2

Verifica

in genel

The init

NOTE F
for the de|

11.5 L

Spa

—  mair

— accc

easurements one meter above flg
ppropriate levels are required.

and radio room, the specified average illumination level i
an emergency, and not for the whole room.

Hinery spaces, accommodation spaces, open deck

or level

5 relevant

— large galleys;

— corri

dors;

— escape routes;

— open deck;

there shall be more than one final circuit for lighting, one of which shall be supplied from the
emergency switchboard, in such a way that failure of any one circuit does not reduce the
lighting to an insufficient level. Different phases shall be used for supply to adjacent fixtures

in those

areas to reduce the stroboscopic effect.

Local distribution boards shall be provided for power distribution to the lighting system.

The distribution boards shall be, to the extent possible, located in non-hazardous dry areas.
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11.6 Navigation and obstruction signals and lights

Navigation and obstruction signal and lights which may be required for marking of offshore
units shall be in accordance with the requirements of IALA, ICAO and SOLAS.

Marine navigation lights shall be in accordance with, and shall be provided with power for a
period accordingly to IMO COLREG requirements.

Marine obstruction lights (U-lights) and fog horns shall be in accordance with IALA
requirements and shall be provided with power for a period of four days without external
power supply.

Aviatior]1 obstruction lights and helideck lights shall be in accordance/ with)\and shall be
provided with power for a period according to ICAO requirements.

NOTE The following publications are relevant:
— lALA|Recommendation 0-1239:2008, On The Marking of Man-Made Offsffiore™S

— ICAQ| International Civil Aviation Organization Annex 14;

— IMO COLREG Code:1972, Convention on the International Regulatfeqs fo i Sea, with
later pmendments.

11.7 Luminaires
11.7.1

Dischar S ided with a multipole discompnecting
switch i

Such a

Switche ircuit of

transfor
11.7.2

Disconn
12 Co

121§

The deqd
lead to the-least dangerous conditionof the controlled process and furthermore;
shall not render inoperative either, or both, of any reserve automatic or manual controls.

ent will

igty of the control equipment shall be such that a failure in the control equip

ne a naero alala alallal ne_con olled - pbroce ng nermore LLC failure

Control and monitoring systems shall be independent of safety systems.

12.2 Supply arrangement

As far as practicable, control and instrumentation circuits and their supply arrangements shall
be designed so that failure of the power supply does not damage the installation nor endanger
the unit.

12.3 Dependability

Systems shall be suitable for the user, the task and the application. System integrity shall be
appropriate for the functions supported, with due regard to factors such as availability,
reliability and maintainability.
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Means for synchronisation of the clocks in all control and instrumentation systems should be
considered.

12.4 Safety

Systems shall be designed such that risk of harm to persons, the environment or the facility is
reduced to a level acceptable to the appropriate authority, both in normal operation and under
failure conditions. Functions shall be designed on the fail-to-safe principle.

12.5 Segregation

Systems shall be designed such that failure of one component part or sub-system will not
unduly ; = ; f ; le, shall
be detegtable.

Protectipn (safety) functions shall be independent of control and mg§
As far ap is practicable, control and monitoring (alarm) function

Standby systems, or other redundancy arrangements, sha

12.6 Plerformance

Systems$ shall maintain specified levels of perfg
under fgult conditions.

ressary,

Repeatability and accuracy shall be adegnate for hined at

their spegcified value during their expecfed lifetim

Systems shall be stable tk

12.7 Integration

Where safety oo end on correct system operation or failure, such
systemg shall not"bé be mutually dependent upon, any other [system,

except those providing % functions.

Where
integrat

pend on system operation or failure, the integrity of the
satisfaction of the appropriate authority.

Activities undertakepin the development process, from initial design through to g¢ventual
realisationf/and any modifications in use thereafter, shall be planned and structured in a
systemafic manner, and are 10 be properly managed. Persons responsible for carrying out
these activities shall be competent to do so.

12.9 Electromagnetic compatibility

For equipment in general, electromagnetic compatibility shall be achieved. For general
consideration in this context reference shall be made to IEC 60533.

12.10 Design
12.10.1 Environmental and supply conditions

Equipment shall be designed to operate satisfactorily within the expected environmental and
supply conditions, with due regard to the limits specified in Annex B of IEC 60092-101:1994.
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12.10.2 Circuit design

Circuits shall be designed to enable efficient test, calibration, maintenance and repair.
Preferably, they shall be suitable for repair by unit or card replacement. In some cases, it may
be desirable to provide simulation circuits or similar means to check correct operation of the
equipment.

12.10.3 Monitoring equipment

Alarm system installations may be combined with monitoring equipment, such as equipment
provided with analogue read-outs of measured variables, or with data loggers, or alarm data
printers.

12.10.4| Time delays

Alarm ¢

12.10.5

broken
r circuit

Normall
sensor
faults.

12.10.6

Earth fa
alternat

ed in an

12.11 Installation and ergonomics

12.11.1| General

12.11.11 Layou:
Control |positions™sfig

hence the accuracyk®a

gtor and

Area or ' ifi \all be considered, especially in complex layouts, for ¢xample
adequat ' :

12.11.1

The arn
As far ps p035|ble operatlng movements and the resulting movements of the in
instrum

quence.
dicating

12.11.1.3 Illlumination
Instruments and controls shall be illuminated so that they can be clearly read and operated in
all ambient light conditions under which they are intended to be operated, without having

uncomfortable shadow or glare. If the surrounding illumination makes it difficult to detect an
indicator light, a suitable shade shall be provided.

12.11.2 Remote controls
12.11.2.1 Continuous information

At the remote control station, the user shall receive continuous information on the effects of
his orders.
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12.11.2.2 Independent control

Where control may be effected from more than one location, the failure of any control
equipment at one location shall not affect the ability to control from any other location.

12.11.2.3 Exclusive control

Where a process may be controlled from several locations, only one shall be in control of that
process at any time.

12.11.2.4 Transfer of control

A t I antral chall nat ba trancfareand hafoara haina Al laodaad b
ctual gentretl-shalret-be-transferredbeforebeirgacknowledged-by-the reeeiving—es

location| unless the command locations are located close enough to igual and
audible |contact. Transfer of control shall give audible pre-warning.

12.11.2{5 Main control location
Where @ designated main command location is required fo arati sons, or

by the pppropriate authority; this location shall have th ability without
acknowledgement.

12.11.2{6 Status indication

On each alternative command locatiox trol.

12.11.2{7 Interlocks

Control |system elements s i roneous

12.11.2{8 Human ma

The human—mac@i

1212
12.12.1
12.12.1

Systems
shall be

facility

NOTE 1
necessary ava||ab|||ty compared W|th the reqU|red r|sk reductlon

ion of the

NOTE 2 The fail-to-safe arrangements differ normally between drilling systems and other systems.
12.12.1.2 Process safety systems

The design of process safety systems shall follow IEC 61511 series, which is specific for the
process industry sector.

12.12.1.3 Emergency stop and shut down systems
Emergency stop controls for motor-driven fuel-oil transfer and fuel-oil pressure pumps shall

be provided at a readily accessible point outside the compartments in which the pumps are
situated. The controls shall be of the manual re-set type and suitably labelled.

For emergency shutdown systems, see IEC 61892-7.
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NOTE The fail-to-safe arrangements differ normally between drilling systems and other systems.
12.12.2 Fire and gas protection control installations and other control systems
12.12.2.1 General

Fire and gas protection control installations may include:

— automatic fire and gas detection and fire and gas alarm systems, such as those used in
machinery spaces, in accommodation spaces, etc.;

— control installations for fire extinction, such as the remote stopping equipment for
ventilation fans and fuel oil pumps, remote starting of fire pumps, etc., as well as close of
dampers in air intakes to avoid gas entry in non-hazardous areas and tripping of non-
explpsion proof equipment to ensure ignition source control.

12.12.2]2 Fixed fire and gas detection and fire and gas alarm sys

12.12.2{2.1 Fire detectors

Fire defectors shall be activated by heat, smoke, or other ombustjon, flame, or
any combination of these factors. Detectors operated by actyrs ‘indisative of incipient
fires may be considered, provided that they are no les itike ¥ e detectprs first
mentioned. Flame detectors shall only be used in addition to at detectors.

12.12.2{2.2 Gas detectors

Gas detectors shall be selected accord be_ th ) which can be present on the
unit, su¢h as hydrocarbon and/or hydrogex

12.12.2|3 System requiren

or the operation of the system ghall be
s of power, and at least the fpllowing

Power supplies and g
designed with self-mpni

conditions:
— failufe of detg}

— failufe due to

— insu

Occurre - h conditier” shall initiate a visual and audible fault signal at the{ control
panel, whi ' 3

12.12.2

12.12.2{4.1 Repeater alarm panels

Where repeater alarm panels are required, these shall also be provided with both visual and
audible signals. These signals may be common for all, or for a group of alarms connected to
the machinery alarm installation.

12.12.2.4.2 Acknowledgement

Alarms shall be maintained until they are accepted and the visual indications of individual
alarms shall remain until the fault has been corrected, at which time the alarm system shall
reset automatically to the normal operation condition.

Acknowledgement of the alarm condition shall be indicated by an alteration of the visual
signal, for example, from flashing to steady light, and shall be possible only from the space
concerned, or the centralised control position associated with that machinery space. The
silencing of an audible alarm at a repeater alarm panel shall not lead automatically to the
acknowledgement of the original alarm at the centralised control position.
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12.12.2.4.3 Inhibition

12.12.2.4.3.1 General

Inhibition of an alarm channel shall be clearly indicated. For essential services such channels
are to be monitored or duplicated, such that no fault shall cause alarms to be inhibited without

indication.

12.12.2.4.3.2 Common audible alarm

If the audible alarm signal is also used for other purposes, for example telegraph or tele-
phone, it shall be accompanied by a luminous call panel(s) indicating the system concerned.

12.12.2{4.3.3 Alarm differentiation

An exisfing alarm shall not prevent the indication of further faults.

12.12.2/4.3.4 First failure indication

In alarm systems for complex machinery installations, cor
for indidating the first failure.

12.13 Automatic control installations for elec

12.13.1| General
This s
providelji

Such aytomatic control s
to 12.13.5.

12.13.2 Autom<>s >
12.13.2{1 Initiati

Comma

— No V|

— prolq
— prold
— expégcted-frequency reduction or expected stop of running set;

— overload’(mechanical or electrical or both);

— increase of power demand;

means

ich are

12.13.2

— start signal for large electric power consumer(s), for example transverse thruster motor;

— failure of running sets;
— pressure drop in exhaust gas boilers;

— remote manual means.

12.13.2.2 Delay of signal

In order to avoid inadvertent starting, signals caused by acceptable transient conditions, for
example high motor starting currents, shall not cause the automatic starting of a set.
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