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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -
Part 201: System design — General

FOREWORD

hational electrotechnical committees (IEC National Committees). The object of IEC is Mo

end and in addition to other activities, IEC publishes International Standards, Technical (Specifi
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to 4
ication(s)"). Their preparation is entrusted to technical committees; any IEC National"Committee in
e subject dealt with may participate in this preparatory work. International,~gevernmental a
rnmental organizations liaising with the IEC also participate in this preparationy IEC collaborates|
the International Organization for Standardization (ISO) in accordance withyconditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as/hearly as possible, an inter|
ensus of opinion on the relevant subjects since each technical committee has representation

Publications have the form of recommendations for international)use and are accepted by IEC
mittees in that sense. While all reasonable efforts are madéto ensure that the technical conten
ications is accurate, IEC cannot be held responsible fof the way in which they are used or
hterpretation by any end user.

rder to promote international uniformity, IEC National*\Committees undertake to apply IEC Pub
parently to the maximum extent possible in their\national and regional publications. Any div
een any IEC Publication and the corresponding_national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of ,cenformity. Independent certification bodies provide co
ssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ces carried out by independent certification bodies.

ability shall attach to IEC or its\directors, employees, servants or agents including individual exp
bers of its technical commitfees and IEC National Committees for any personal injury, property da
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
nses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any ot
ications.

htion is drawn to the Normative references cited in this publication. Use of the referenced publicg
pensable for thé\correct application of this publication.

htion is drawn-to the possibility that some of the elements of this IEC Publication may be the sU
nt rights. IEC shall not be held responsible for identifying any or all such patent rights.

tional Standard IEC 60092-201 has been prepared by IEC technical committ
Electri;al installations of ships and of mobile and fixed offshore units.

International Electrotechnical Commission (IEC) is a worldwide organization for standardization €emprising

promote
Blds. To
cations,
s "IEC
erested
nd non-
closely
ined by

hational
from all

National
of IEC
for any

ications
Prgence
cated in

hformity

for any

brts and
hage or
es) and
her IEC

tions is

bject of

pe 18:

This fifth edition cancels and replaces the fourth edition, published in 1994. It constitutes a
technical revision.

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

a) a new subclause regarding studies and calculations has been added,;

b)
c)
d)
e)
f)

an
the
ac
the
the

ew subclause regarding documentation has been added;

clause regarding distribution systems has been rewritten;

lause regarding system earthing has been added;

clause regarding sources of electrical power has been rewritten;

clause regarding distribution system requirements has been rewritten;
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g) the clause regarding cables has been deleted and transferred to IEC 60092-401;
h) a new subclause regarding electric and electrohydraulic steering gear has been added.

NOTE IEC 60092-204, Electrical installations in ships — Part 204: System design — Electric and electrohydraulic
steering gear, has been withdrawn.

The text of this International Standard is based on the following documents:

FDIS Report on voting
18/1673/FDIS 18/1674/RVD

Full information on the voiing for the approval of this International standard can be jound in
the report on voting indicated in the above table.

This dpcument has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list|of all parts of the IEC 60092 series, published under the general title Elgctrical
installations in ships, can be found on the IEC website.

The cgmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstoté.iec.ch” in the data related to
the spgcific document. At this date, the document will be
e redonfirmed,

e withdrawn,

o reqlaced by a revised edition, or

e amended.

A bilingual version of this publication may;be issued at a later date.
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INTRODUCTION

IEC 60092 (all parts) forms a series of international standards for electrical installations in
sea-going ships, incorporating good practice and co-ordinating as far as possible existing
rules.

These standards form a code of practical interpretation and amplification of the requirements
of the International Convention on Safety of Life at Sea, a guide for future regulations which
may be prepared and a statement of practice for use by shipowners, shipbuilders and
appropriate organizations.
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ELECTRICAL INSTALLATIONS IN SHIPS -

Part 201: System design — General

1 Scope

This document is applicable to the main features of system design of electrical installations
for use-in-ships

2 Normative references

The fdllowing documents are referred to in the text in such a way that some or all gf their
conterlt constitutes requirements of this document. For dated references, only the edition
cited gpplies. For undated references, the latest edition of the referenced’document (ingluding
any amendments) applies.

IEC 60092-101, Electrical installations in ships — Part 101: Definitions and general
requiréments

IEC 6(0092-202, Electrical installations in ships — Part,2Q02: System design — Protection

IEC 6Q092-401, Electrical installations in ships <.Part 401: Installation and test of completed
installation

IEC 60364-1, Low-voltage electrical installations — Part 1: Fundamental pringiples,
assesgment of general characteristics, definitions

IEC/IEEE 80005 (all parts), Utility~xéonnections in port

IMO, |nternational Convention” for the Safety of Life at Sea (SOLAS):1974, consolidated
editionl 2009

3 Terms and définitions

For the purpose/of this document, the following terms and definitions apply.

ISO andMEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1 General

3.11

dead ship

condition where the entire machinery installation, including the power supply, is out of
operation and where auxiliary services such as compressed air, starting current from batteries
etc., for bringing the main propulsion into operation and for the restoration of the main power
supply, are not available


http://www.electropedia.org/
http://www.iso.org/obp
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3.1.2

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

[SOURCE: IEEE Std 1584™™:2002, 3.1.2]

3.1.3

availability
state of an item of being able to perform its required function

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

3.1.4

functi
eleme
operat

3.1.5

main Iteering gear

machi
means
moven

3.1.6

auxiliary steering gear

equipn
event
servin

3.1.7

electr
power
throug

3.1.8

electr
power
torque

3.1.9
steeri
a) in

bn
ntary operation performed by the system which, in conjunction with other elem
ons (system functions), enables the system to perform a task

ery, rudder actuators, steering gear power units and ancillary equipment a
of applying torque to the rudder stock (e.g. tiller or quadrant) necessary for ef
nent of the rudder for the purpose of steering the ship undér normal service condi

nent, other than any part of the main steering.gear, necessary to steer the ship
pf failure of the main steering gear but notiincluding the tiller, quadrant or comp
j the same purpose

c steering gear
operated steering gear wheré)an electric motor applies torque to the rudder
h mechanical means only

bhydraulic steering'gear
operated steering)gear where a hydraulic pump, driven by an electric motor, §
to the rudder stock through hydraulic and mechanical means

g gear.power unit
the(case of electric steering gear, an electric motor and its associated elq

entary

nd the
ecting
ions

in the

bnents

stock

pplies

ctrical

eq

Lipment;

b) in the case of electrohydraulic steering gear, an electric motor and its associated electrical
equipment and connected pump

3.1.10

steering gear control system
equipment by which orders are transmitted from the navigating bridge to the steering gear

power

units

Note 1 to entry: Steering gear control systems include transmitters, receivers, hydraulic control pumps and their
associated motors, motor controllers, piping and cables, etc.

3.1.11

high voltage

HV

set of voltage levels in excess of low voltage
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[SOURCE: IEC 60050-601:1985, 601-01-27, modified — The words "in a general sense" have
been deleted, as well as entry 2 of the definition.]

3.1.12

low voltage

LV

set of voltage levels used for the distribution of electricity and whose upper limits are
generally accepted to be 1 000 V AC and 1 500 V DC

[SOURCE: IEC 60050-601:1985, 601-01-26, modified — The words "for alternating current”
have been replaced by "AC and 1 500 V DC".]

3.1.13
voltage drop
changge of the voltage between two given terminals of an electric circuit due to_thé change of
the opgrating conditions

[SOURCE: IEC 60050-151:2001, 151-15-09]

3.2 [Distribution system

3.21
branch
electrical line intended for connecting a current-consdming installation to the distr{bution
netwofrk

3.2.2
branch system
assemply of branches

3.2.3
meshed network

ring-main

set of tonductors that connect feeding points (nodes) and form a closed circuit

3.2.4
diverslity factor
dema]d factor
ratio ¢f the estimated total load of a group of consumers under their normal working
conditions to the_sum of their nominal ratings

3.2.5
power supply ship high voltage interface

interfabe~betweent N shore-connectiorand-the-ship-s—primal

Note 1 to entry: Located at the ship-shore connection switchboard.

3.2.6

essential services

services essential for propulsion and steering, and safety of the ship, which are made up of
"primary essential services" and "secondary essential services"

[SOURCE: IACS SC134]

3.2.7
primary essential services
services that need to be in continuous operation to maintain propulsion and steering
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[SOURCE: IACS SC134]

3.2.8

secondary essential services
services that need not necessarily be in continuous operation to maintain propulsion and
steering but which are necessary for maintaining the vessel's safety

[SOURCE: IACS SC134]

3.2.9
load s

hedding

autom

Note 1

given to
overloa
overloa

3.2.10
prima

lIC disconneclion OrT users

o entry: Where the load consists of essential services and non-essential services, consideration
an arrangement which will automatically exclude non-essential services when any one genefator b
by power or current. This load shedding may be carried out in one or more stages, ‘accordin
ability of the generating sets.

'y distribution system

system having an electrical connection with the main source of electrical power

3.2.11
secon
syste
therefn
motor-

3.2.12

ary distribution system

having no electrical connection with the main selfce of electrical power, e.g. is
om by a double-wound transformer, static conyefrtor including galvanic separa
generator

hull rritu rn system

syste

supply]
conne

3.3

3.3.1
two-w
DC sy

3.3.2
three-
DC sy
outer

in which insulated conductors are-provided for connection to one pole or phase
, the hull of the ship or other permanently earthed structure being used for ef
ctions to the other pole or phase

DC systems of distribution

re DC system
Etem comprising two conductors only, between which the load is connected

wire DC . system

shall be
ecomes
h to the

olated
ion or

of the
ecting

Etem-comprising two conductors and a middle wire, the supply being taken from t

he two

onductors or from the middle wire and either outer conductor, the middle wire cTrrying

e difference-current

only t

3.4
NOTE 1

NOTE 2

3.41
single

AC systems of distribution
AC systems are normally designed as an earthed system (TN) or an unearthed system (IT)

In some countries, "unearthed systems" are also defined as "isolated systems".

-phase two-wire AC system

single-phase AC system comprising two conductors only, between which the load is
connected
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-phase three-wire AC system

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

3.4.3

three-phase three-wire system
system comprising three conductors connected to a three-phase supply

3.44

three;rh-ase—ﬁeu-#wi-re—s-ys(-em
systemp comprising four conductors of which three are connected to a three-phase supy

the fou

3.5
3.5.1

rth to a neutral point in the source of supply

Sources of electrical power

dead-$hip condition

condit
owing
main s

3.5.2

on under which the main propulsion, boilers and ship auxiliaries are not in op
to the absence of power and no stored energy for startingthe propulsion plant,
ource of electrical power, is available

main source of electrical power

source
maintg

3.5.3

intended to supply electrical power for distribution to all services necessa
ining the ship in normal operational and habitable condition

emergency source of electrical power

source
failure

of electrical power intended to.Supply the emergency switchboard in the eV
of the supply from the main source of electrical power

4 Safety aspects

4.1
Electri

— sel
— the
— the

General
cal installations_in ships shall be such that:

vices esséntial for safety shall be maintained under emergency conditions;
safetyrof’‘passengers, crew and ship from electrical hazards shall be ensured;

requirements with respect to safety in this publication shall be at least in acco

ly and

ration
nd the

ry for

ent of

dance

wit

h'this publication;

— the IMO resolutions and SOLAS regulations are met as far as is applicable.

The choice of materials and components of construction, as well as the design, location and
ship installation, are to be made in accordance with the environmental, maintenance and
operating conditions in order to ensure the continued function of the equipment during all
normal and reasonably foreseeable abnormal operating and fault conditions and to reduce the
risk of:

e injury to crew and passengers;

e damage to the equipment the system is contained within, or adjacent equipment and
systems;

e damage to adjacent equipment and systems;

e damage to the ship.


https://iecnorm.com/api/?name=a745b25e6b3b91b5e87d9220514d83fc

IEC 60092-201:2019 © IEC 2019

4.2

Degrees of protection

- 13—

Depending on its location, electrical equipment shall as a minimum have the degree of

protection as given in Table 1, which is in accordance with IEC 60529.

Table 1 — Minimum requirements for the degree of protection
(in accordance with IEC 60529 coding)

(1) (2) (3) (4)
Equipment
Example of Condition in Design Switch- Gene- |[Motors Trans- Lumi- Heating Cooking Accessories
location location according boards rators fomers naires applian- appli- (e.g.
to degree Control Semi- ces ances. switches,
of gear conduc- branch
protection Motor tors boxes)
starters Conver-
tors
Tankers @ Danger of Certified ¢
explosion safe-type

Ammonia plaft - - - - X - - X
rooms
Battery room - - - - X - - X
Paint stores - - - - X - -
Stores for - - - - - -
welding-gas
bottles
Holds classifipd - - - - X - - X
as hazardous|
Tunnels for p|pes - - - - X - - X
containing oil
with a flash-ppint
of 60 °C of bglow
Dry Danger of IP20 X - X X X X X X
accommodatipn touching live
spaces
Dry control Parts only X - X X X X X X
rooms
Control room Danger of |P22 X - X X X X X X
(navigation dripping
bridge) liquid and/or
Engine and bpiler | moderate X X X X X X X IP44
rooms above mechanical
floor damage
Steering-gea X X X X X X - P44
rooms
Refrigerating X - X X X X - P44
machinery rooms
(excluding
ammonia plants)
Emergency X X X X X X - P44
machinery rooms
General store X - X X X X - X
rooms
Pantries - X P44
Provision rooms - - X
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(1) (2) (3) (4)
Equipment
Example of Condition in Design Switch- Gene- [Motors Trans- Lumi- Heating Cooking | Accessories
location location according boards rators fomers naires applian- appli- (e.g.
to degree Control Semi- ces ances switches,
of gear conduc- branch
protection Motor tors boxes)
starters Conver-
tors
Bathrooms and Increased IP34 - - - - X P44 - IP55
showers danger of
Enai d boil liquid and/or
ngine and boileér | mechnanical
rooms below damage - - IP44 - X IP44 - IP55
floor
Closed fuel ofl 1P44 - P44 - X 1P44 - IP55
separator roons
Closed 1P44 - P44 - X 1P44 - IP55
lubricating oil
separator roons
Ballast pump Increased P44 X - X IP34 - IP55
rooms danger of
liquid and - - X - IP34 - IP55
Refrigerated mechanical
rooms damage X - X IP34 X X
Galleys and
laundries
Shaft or pipe Danger of IP55 X - X X X X - IP56
tunnels in dodible liquid
bottom spraying
Holds for genkral Presence of - - - - xd - - xd
cargo cargo dust
Serious
mechanical - S - - X - - X
damage
Aggressive
fumes
Open decks Danger of IP56 X - X - IP55 X - X
liquid in
massive
quantities
Key
X: complieg with column (3)
-:  not recommended
Where the grotection is net ‘achieved by the equipment itself, other means or the location where it is installed $hall ensure
the degree ¢f protection/required in the table.
2  For tankkrs, see\E€ 60092-502.
b Certified safé-type equipment referred to in IEC 60079-0 may need additional enclosure requirements fof spaces on
open defks<r other spaces where wet conditions are expected. The examples above may be used as guidelines.

rooms or spaces requiring certified safe-type equipment.

For hazardous dust, an appropriate degree of protection is IP 66 or certified safe-type.

Socket-outlets shall not be installed in machinery spaces below the floor, closed fuel and lubricating oil separator

5 System design

5.1

General

There shall be one nominated body responsible for the integration of the complete electrical
plant. This body shall have the necessary expertise and resources enabling a controlled
integration process.

The ship builder is responsible for the system design unless agreed otherwise.
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The design of the electrical system shall, wherever possible, consider the efficient use of
generated power due to the low energy equipment and application of energy-saving methods.

5.2 System study and calculations

5.2.1

General

Studies and calculations shall reflect the installed power rating and the complexity of the
electrical system.

The system studies and calculations shall be in accordance with the designed operating

mode

of the vessel

Additig

ns and alterations to the existing electrical system, temporary or permanent, SVFaII be

evalurjted accordingly. The system studies and calculations are important oper

docu

As a n

Additig

ents. They should be updated as necessary when changes are made to-the instal
inimum, the studies listed in IEC 60092-202 shall be carried out.

nal studies can be considered if it is deemed necessary \for the evaluation

system, or required by appropriate authorities, such as:

— arg

NOTE

-flash hazard risk assessment;

The objective of the flash hazard assessment is to increase/personnel safety by determining the arg

— load flow and voltage loss calculations: to check voltage profiles, circuit loading
stelady-state conditions, transient conditions and power supply interfaces;

— calculation of harmonic currents and harm@nic voltages: to analyse the magnitug

lo

tion of harmonic distortions within the<power system;

— Common mode network studies may>be necessary if high-power non-linear load

filt
5.2.2

rs are applied.

Electrical load study

The elpctrical load study shouldybe in accordance with IEC 60092-202.

If loag

flow calculations 'are performed, these shall be carried out for the oper

conditions given.

The e
ship in
possib

5.2.3 —Short=circuitcalcutations

See |IE

NOTE: |
5.2.4
See |IE

ectrical load" study shall include all electrical services necessary for maintaini
normal._dperational and habitable condition and preservation of the cargo, as
le, over the entire lifetime of the installation.

tional
ation.

of the

-flash.
under

e and

s and

Ational

hg the
far as

C 60092-202.

EC 61363 can be used for fault calculation for AC sources and IEC 61660-1 for DC sources.
Protection and discrimination study

C 60092-202.

The voltage disturbance sustained during the faults and after fault clearance should be
ascertained to ensure that transient disturbances do not result in loss of supplies due to low
voltages or overstressing of plant insulation due to high voltages.
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5.2.5 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 5.2.1.

The following data should be calculated:

— magnitude of the busbar voltages;
— magnitude of voltage at the equipment terminal,
— active and reactive power production and load at the busbars;

— active and reactive power flow in cables and transformers;

— redommended setting of the transformers' tapping;

— voltage transients due to capacitive and inductive loading of the network (transformers,
majtors, generators, filters, cabling, etc.).

Where| specific loads require closer tolerances for voltages in order to maintaih functionality or
perforfnance, then specific calculations should be made to confirm valu€s of voltagg drop,
particylarly in cables.

5.2.6 Harmonic currents and voltage calculations

The cqgntent of currents' harmonics and voltages' harmonicsqin the electric power syster shall
be exgmined for installations with a high presence of power semiconductor systems. Hor the
voltage¢ waveform, the limits indicated in IEC 60092-104 shall be verified.

NOTE 1| It can be necessary to feed sensitive equipment from a power system with a restricted coptent of
harmonics, for example from a maintained supply or separate ‘secondary distribution system.

NOTE 2] For systems where semiconductors are connected having a total system rating which is a significant
portion pf the total system rating, it may not be feasible to suppress the harmonics. Consideration should he given
to take|appropriate measures to attenuate these€Jeffects of the distribution system so that safe operation is
assured]. Care should be taken in selecting consumers supplied from an electric power supply system with & higher
harmonic content than specified in [IEC 60092-101.

Electrical equipment that require$S.a higher power quality may need additional provisionsg to be
made Jocally. Where additionalyequipment is fitted to this higher power quality supply, |it may
be reqrired to be duplicated and segregated to the same degree as the electrical equipment it
suppli¢s for the same lexvehof continuity of electrical supply.

Specigl attention should be paid to the installation of electrical equipment that can influence
the quplity of power supply on local basis or react with any harmonics present on the general
distribption system.

NOTE 3 For farther information regarding harmonics, see IEC 61000-2-4 and IEC 60533.

5.3 Documentation
5.3.1 General

Documentation required in accordance with 5.3.2 to 5.3.6 is to be available onboard at all
times. The documentation is to be updated as required, see 5.2.1.

5.3.2 Apparatus description

For the primary distribution, main secondary distribution, primary essential, essential and
emergency loads, the manufacturer shall deliver sufficient information concerning the
principles of operation, technical specifications, mounting instructions, required starting up or
commissioning procedures, fault-finding procedures, maintenance and repair, as well as lists
of the necessary test facilities and replaceable parts.
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Sufficient information shall be available to enable a complete system description to be
prepared.

5.3.3

Principle single line diagram electrical power system

General single line lay-out of the electric plant, power generation, power storage and power
distribution shall be aboard the ship.

5.3.4

Overview diagram

The overview diagram or list of circuits shall be:

— prdvided for each individual distribution switchboard; and

— permanently displayed in or near the switchboard to which it refers; and

— incjuded in the ship's administrative documents.

Each gverview diagram or list of circuits shall present at least the following information:

— cirguit number;

— prdtections and controls;

- caIIe type;

— comnected power and diversity factor for of each circuit, €alculated taking into accodint the

div]
5.3.5

A list @

5.3.6

Circuit

ersity factor of the connected load (where applicable).
List of protection and fault discrimination‘settings

f protection and fault discrimination settings:shall be available.

Circuit diagrams

diagrams for at least primary “distribution, main secondary distribution, p

essenfial, essential and emergency(loads shall, for each individual control apparat

perma
the co

5.3.7

nently displayed in or nearsthe apparatus to which it refers, or alternatively inclu
ntrol system handbook.

FAT, HAT and SAT reports

A docyment comprisingthe factory acceptance tests (FAT) reports, harbour acceptanc

(HAT)
syste

reports and\'sea acceptance tests (SAT) reports of the control, safety and
s, and shall’be included in the ship's administrative documents.

6 Distribution systems

rimary
s, be
ded in

b tests
power

6.1

General

The current carrying distribution systems shall be in accordance with IEC 60364-1.

The requirements in 6.2 and 6.3 do not preclude, under conditions approved by the
appropriate authority, the use of:

— impressed current cathodic protective systems;

— lim

ited and locally earthed systems, for example engine starting systems;

— insulating monitoring devices in accordance with IEC 61557-8 provided circulation current
does not exceed 30 mA under the most unfavourable conditions.

NOTE

For tankers, see IEC 60092-502.
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Where semiconducting equipment is arranged to distribute electrical power to distribution of a
lower voltage of supply, arrangements shall be provided to ensure the lower voltage
distribution consumers are not subject to voltages outside their safe rating of operation.

6.2
6.2.1

The fo

DC distribution systems
Types of distribution systems

llowing types of distribution systems are considered to be standard:

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

b) thr
c) tw
d) thr

The st

In earthed DC systems, the effect of electrochemical corrosion shall be-considered.

Batter
electri

Arrandements for the isolation and switching of distribution €ircuits are to be provided.

Energy storage, such as capacitors shall be providéd with arrangements to discharg

stored

maintgnance.

Batter

arrangements allowing for the safe isolation of their terminals and the reduction of voltg

a safe

Connections and materials usedin DC connections shall be especially considere
select¢d to avoid corrosion at)the connection points, which can lead to developmer

series

Voltagg limiters are to-be’provided, where required, to limit the damaging effect of overy

in the

e-wire with middle wire earthed but without structure or hull return — TN-S syste

’

b-wire insulated — IT system;
ee-wire insulated with middle wire not earthed — IT system.

Fucture or hull return system of distribution shall not be used.

es connected to and charged by the DC bus shall be pretected against effg

cal faults in the system.

energy to a safe level after power removal to ensure safety of personnel

es connected to and charged by the DC bus shall be so located and provide

level during maintenance.

arc.

system.

cts of

e their

during

d with
ges to

d and
t of a

oltage
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6.2.2 TN-S DC systems

Figure 1 illustrates a TN-S DC system.

~ L+
— L-
— PE
k| k]
n. o
System a) —_[_— ==l ==l
I ! — ] -
H. —4 g__ R !
i Exposed conductive parts

Earthing of system

T L+
— l d
> ~ M
~
—_— L—
‘ - PE
System b)
1 “'\ ."'\
T - i T
L‘-w-.. — | |
b e e | e e |
— —I—_ Exposed conductive parts

Earthing of system IEC

NOTE [The earthed line canductor (for example L-) in system a) or the earthed middle wire conductof (M) in
system p) are separated from-the protective conductor throughout the system.

Figure 1 — TN-S DC system
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6.2.3 IT DC systems
Figure 2 illustrates an IT DC system.
~— L+
_ L—
System a)

— prdemimlm e g

T T Py

| i L

— o i

Exposed conductive parts
Earthing of exposed
conductive parts
~ L+
_ » "
~
_ L—
i &
System b)
:__ ;,._ PPy Fpp— _|
| 7
| : !
E— S i
Exposed conductive parts
Earthing of exposed
conductive parts IEC

6.2.4 DC voltages

Table 2 gives*recommended values of nominal voltages and maximum voltages allow

unit sgrvice-systems of supply:

Figure 2 — IT DC system

Table 2 — Voltages for DC systems

Instrumentation

Application Nominal voltages Maximum
v voltages
\Y
Power 110, 220, 600, 750, 1 000 1500
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
24, 48, 110, 220 250

ed for
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6.3 AC distribution systems
6.3.1 Primary AC distribution systems

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

The following systems are recognized as standard for primary distribution:

— three-phase three-wire insulated (IT-system);
— three-phase three-wire with neutral earthed (TN-S-system).

Figure 3 illustrates an IT AC system. Figure 4 illustrates a TN-S system.

L1 o

L2 o

L3 o

[] Impedance 2

Exposed conductive parts

Earthing of system
9 y IEC

Key
2 The system may be isolated from earth.

NOTE ([Typical IT systems are not intentionally earthed "isolated". See 7.2 and Table 4.

Figure 3 — IT AC system
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L1 o
L2 o
L3 o
N o 2
PE L .
[N \‘\ +
N [N NN N AR | (R RN B P

Exposed conductive parts

Earthi f syst
arthing of system P

NOTE 1| Separate neutral and protective conductors are used throughout the system.

NOTE 2] The hull of the ship cannot be used as alternative to a PE conductor.
Figure 4 — TN-S AC system

In add|tion, for all voltages up to and including 500 V:

— threpe-phase four-wire with neutral earthed but without hull return (TN-S system);
— single-phase two-wire insulated (IT-system);
— single-phase two-wire with one pole earthéd (TN-S system).

NOTE 1| For tankers, see IEC 60092-502.

NOTE 2] For high voltage, see IEC 60092-503,
6.3.2 Secondary AC distribution systems
The fo]lowing systems are recognized as standard for secondary distribution:

— thrge-phase three-wire insulated (IT-system);
— threpe-phase three-wire with neutral earthed (TN-S system);

In addjtion, for.all voltages up to and including 500 V:

— three-phase four-wire with neutral earthed but without hull return (TN-S system);

— singlesphase two-wire insulated (IT-system);

— single-phase two-wire with one pole earthed (TN-S system);

— single-phase two-wire with mid-wire of system earthed for supplying lighting and socket-
outlets;

— single-phase three-wire with mid-wire earthed but without hull return (TN-S system).
6.3.3 AC voltages and frequencies

Table 3 gives the maximum voltages allowed and the recommended values of nominal
voltages and frequencies for a ship's service systems of supply.
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Table 3 — AC voltages and frequencies for ship's

service systems of supply

Nominal Nominal frequencies Maximum
Application voltages voltage
\ \
1 Power, heating and cooking equipment Three-phase Three-phase Three-phase | Three-phase
securely fixed and permanently connected.
115 60 1 000
Socket-outlet supplying equipment, which is
earthed either permanently by its fixing or by 230 50 60 1000
a specific connection which incorporates an 400 50 _ 1 000
earth-continuity conductor of a size in
accordpnce with TEC 60092-407T: 420 - 60 1000
6902 50 60 1-000
3 000%/3 300° 50 60 15 000
6 0002/6 6002 50 60 15 000
10 0002/11 0002 50 60
24 kVP 50 60
36 kvP 50 60
Single-phase Single-phase | Single-phase | Single{phase
115 - 60 570
230 50 60 570
2 Fixed lighting including outlets for Single-phase Single-phase | Single-phase | Single{phase
purposes not mentioned in items 1 and 3 but |
intendgd for apparatus with reinforced or 115 - 60 230
double insulat‘ion or conpected by a flexible 230 50 60 240
cord orf cable incorporating an earth-
continyity conductor of a size in accordance
with IEC 60092-401
3 Sodket-outlets for use where extra Single-phase Single-phase | Single-phase | Single{phase
precaufions against shock are necessary: |
24 50 60 5p
suppligd with or without the use of isolating .
transfofmers 115 - 60 240
where p safety isolating-transformer is used 230 50 60 230
supplying one consuming device only
Both wjres of such systems)should be
insulatgd from earth.
4 Instfumentation,and control Single-phase Single-phase | Single-phase | Single{phase
24 50 60 5p
48 50 60 5p
+45 = 66 230
230 50 60 250

NOTE 1 For limited distribution in excess of 1 000 V, see IEC 60092-503.
NOTE 2 For tankers, see also IEC 60092-502.

a8  For power only.

b Implementing 24 kV and 36 kV in IEC 60092-503 is under consideration.
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6.3.4 Control voltage

For distribution systems above 500 V, the control voltage shall be limited to 230 V, except
when all control equipment is enclosed in the relevant control gear and the distribution
voltage is not higher than 1 000 V.

7 System earthing

7.1 General

This clause gives requirements and recommendations for system earthing, i.e. an intentional
conne(tion of the neutrar pomt of the electrical power Supply System to nuit or Structure.

NOTE [On occurrence of a fault from line to earth, the steady state and transient voltages torearth apd fault
currentqd vary with the impedance between the neutral point and earth. This impedance is dependent] on the
treatmept of the neutral point.

System earthing shall be considered for all electrical power supply systems’in order to ¢ontrol
and kgep the system's voltage to earth within predictable limits. It shalkalso provide for|a flow
of curnent that will allow detection of an unwanted connection betweén the system conductors
and ¢€arth, which should instigate automatic disconnection of “the power systen| from
condug¢tors with such undesired connections to earth.

Syster earthing shall be effected by means independent.ofiany earthing arrangements|of the
non-cyrrent-carrying parts.

In IT pystems, the insulation resistance shall be>continuously monitored by an insulation
monitgring device (IMD) complying with IEC 61557%-8 and an alarm shall be given at a manned
contro| centre.

In large IT systems, it is recommended’to use an insulation fault location system |(IFLS)
complying with IEC 61557-9 to locate an*insulation fault within a shortest practicable delay.

In eafthed systems (TN-System), an RCM (residual current monitor) complying with
IEC 63020 should indicate thé presence of a fault current to prevent an unwanted tripping of
an RCP.

Also, the effectiveness of a TN-S system may be enhanced by the use of RCM in cases|where
significant amounts, of information technology equipment are contained or are likely|to be
contained.

RCDs [and ,RCMs shall be so designed that their function is not decreased by the presegnce of
DC faylt.currents of more than 6mA, for example by type B devices.

Residual current protective devices (RCD) shall be so selected and erected to limit the risk of
unwanted tripping, for example resulting from a high leakage capacitance (line to earth).

Earth indicating devices should be so designed that their function is not decreased by the
presence of DC components or capacitance (line to earth) in the distribution system.

For emergency power systems, consideration shall be given to the need for continuous
operation of the consumers supplied from the emergency power system when deciding
between earthed and isolated systems.

A system with isolated neutral should normally be used for supply to the emergency
consumers.
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7.2 Neutral earthing methods

The selection of one of the following methods of treating the neutral for a specific electrical
power system shall be based on technical and operational factors:

— earthed (TN system/without hull return);

— impedance earthed (IT system);

— isolated (IT system).

NOTE 1 The principal features of these methods are presented in Table 4.

NOTE 2 Although not intentionally connected to earth, the so-called "unearthed" or "isolated" system is in fact

capacitigety earthed by the diStributed capacitance 1o earthn of the conauctors throughout the SysStem together with
any intefference suppression capacitors.

Where| phase to neutral loads shall be served, systems shall be directly earthed.
Efficiept means shall be provided for detecting defects in the insulation of the system.

For galvanic separated distribution systems where the earth fault.current exceeds 5 A,
automatic tripping devices should be provided. Where the earth faultycurrent does not gxceed
5 A, ap indicator (e.g. residual current monitor (RCM) in accordance with IEC 62020) should
be proyided as an alternative to an automatic tripping device.

Supply to hazardous areas shall be in accordance with IE€C 60092-502.

NOTE 3 With an appropriate insulation standard and a design*which limits the capacitive currents to less than 5A,
unearthgd HV systems are possible. This is under consideration for the next edition of IEC 60092-503.

A maXimum leakage current of 30 mA is allowed for equipment applied in living quprters,
accommodation rooms, control rooms, bathrooms, offices, stores, final circuits for sagckets,
etc.

Wet spaces or special spaces liké pantries, galley and laundry need special attention to
prevent an electric hazard due to-earth leakage currents.

The aggregate value of earth leakage currents in a distribution system should be limjted. If
exceedling 30 mA leakage-current by individual low voltage loads, the power system dgsigner
shall be informed. Fok_exceeding 300 mA leakage current at the power supply interface,
isolatipn by a transformer shall be considered (e.g. load with an electric filter or grpup of
loads like galley, laundry).

7.3 enerators and/or main distribution transformers operated in parallel

The neuttal earthing equipment shall, wherever practical, be identically rated for all [power
SOUrCES:.

The neutral earth impedance shall reduce the fault current to a level sufficient to operate the
distribution system earthing protection and provide suitable discrimination.

Where the normal ratings of the power sources are significantly different, the earth impedance
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.

The value should not risk damage to the winding or magnetic steel parts of the generator or
transformer in accordance with the manufacturer's recommendations of earth fault current
connected to the system.
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An insulation fault inside the metal casing of a TN-connected generating set may severely
damage the generator of this set. The fault shall be quickly detected and eliminated.
Furthermore, if other generators are parallel connected, they will generate energy in the fault
and may cause overload tripping. Continuity of supply is no longer ensured.

7.4 Earthing resistors, connection to hull/structure

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 and for the maximum time this fault could occur in addition to any

continuous loading, without any destructive effect to their component parts.

Earthinl]g resistors shall be connected to the unit's structure or hull. In addition, ejarthing

resistdrs shall be connected together on the structure/hull side of the resistor, where

o0 also

the prptective earthing (PE) conductor (if applicable) of the distribution system sHall be
connegted. Suitable disconnecting links, which allow for measuring or maintenance purposes,

shall be provided.

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

Table 4 — Summary of principal features of the neutral earthing methods

Megns of earthing

Not intentionally earthed
"isolated"

Impedance earthed

o

Directly earthd

Systerp voltage

All methods are potentially applicablev(but note higher voltage systems are likgly to
have higher VA earth fault levels,"which may make directly earthed connectionf, or

low impedance methods, unattractive)

Overvgltages

The most significant overvoltages are due to causes not influenced by the method of

neutral earthing

Electrig shock risk

All major installations@re potentially lethal whatever method of neutral earthing is

supply]

used
Use offresidual current Will normally not-function Use of residual current Acceptable
device|for electrical device with 30 mA
safety operating current should
be considered
Use of| 3-phase 4-wire Nof\acceptable Acceptable Acceptable

Earth fault current
magnifude

Depends on system
capacitance but usually

very low, e.g. 1 A

Depends on impedance
value, typically
5Ato20 A

May be up to 50 % gfeater
than symmetrical 3-ghase
value

Sustaiped dperation with
earth flault

Normally possible

May be possible but not
advisable, depending on
impedance value

Not possible

Minimum earth fault
protection required

Alarm or indication

Alarm/indication, earth
fault relay, over-current
protection, depending on
impedance

Over-current protection

Switchgear fault rating

May be rated on normal phase to phase or 3-phase

symmetrical fault value

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

Earth fault location

Faults not self-revealing.
Shall normally be located
manually unless core
balance current
transformers are fitted

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

Faults are self-revealing
on over-current



https://iecnorm.com/api/?name=a745b25e6b3b91b5e87d9220514d83fc

IEC 60092-201:2019 © IEC 2019 - 27 -

Means of earthing Not intentionally earthed Impedance earthed Directly earthed
"isolated"
Fire risk Very low, provided that Risk of igniting flammable gases. High-impedance
earth fault current does faults can lead to burning at fault location.

not exceed 1 A. Prolonged
fault may present a

hazard.
Flash hazard (phase-to- Low Increasing High
earth)
Availability of suitable Similar generation and distribution equipment is Allows use of land-based
equipment applicable on all systems equipment designed for
TN-S systems

Meang of disconnecting shall be fitted in the neutral earthing connection of eachsgenherator so
that the generator may be disconnected for maintenance.

In disfribution systems with neutral earthed and generators intended do”run with neutrals
intercgnnected, manufacturers shall be informed so that the machines can be spitably
designed to avoid excessive circulating currents. This is particularly important if they [are of
different size and make.

Transfprmer neutrals should not be earthed unless all corrésponding generator neutrals are
disconnected from the system (e.g. during shore supply)'sTo prevent hull currents [during
shore pupply, the neutral of the power supply grid shall-be connected to the hull at on¢ point
only (dee 9.8).

Earthing of isolated (IT) HV networks supplied by several generators in parallel may be
achievled by connection of earthing transformers-

8 Sources of electrical power

8.1 [Sources of electrical powelr-for auxiliary services
8.1.1 General

All vegsels shall have a-main electric power generation and distribution system in accofdance
with thle following:

NOTE |All considerations are based upon electrical systems in conformity with IMO documents such as|SOLAS
consoliqated edition,2014.

The mpin €lectric power generation and distribution system shall ensure power to all elgctrical
ice normal operational and habitable conditi

Electrical services required by appropriate authority to be powered from an emergency source
of power are not considered as "necessary for maintaining the ship in normal operational and
habitable conditions" used in the previous paragraph.

For location and capacity of the emergency source of electrical power, and separation
between the main and emergency power source, see SOLAS consolidated edition 2014,
Regulation 42, 42-1 and 43, or other relevant documents from IMO or flag state.

The emergency services shall comply with SOLAS 74/78, Chapter 1I-2 Regulation 21 (Safe
return to port).
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supply with any main source of power, transformer, or power converter out of operation.

Figure 5 illustrates a typical ship generation and distribution system

Emergency
diesel

Emergency

generator

{}OOOO

Emergency SWB

_H/FF_ -

Consumers 1

8 RRRR 8
. o . O
Main 0 \ Main 0
diesel 1 O diesel2 O
Q Q
@) @]
Consumers
Main emergency SWB Main
generator 1 generator 2
Main SWB |
o—

Disconnection

Table p illustrates.a typical distribution of loads.

_H"-F/-_ -~

Consumers 2

Figure 5~ Typical ship generation and distribution system

Table 5 — Typical distribution of loads

Primary essential

Primary essential

Propulsion auxiliary 1

Propulsion auxiliary 2

Propulsion auxiliary

Steering pump 1

Steering pump 2

Steering pump

etc.

etc.

etc.

Secondary Essential

Secondary Essential

Secondary Essential

Cooling water pump 1

Cooling water pump 1

Fire detection 1

Fire detection 2

Fire detection

Fire fighting 1 Fire fighting 2 Fire fighting
Bilge pump 1 Bilge pump 2 Bilge pump
Navigation 1 Naviation 2
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Consumers 1 Consumers 2 Emergency consumers
etc. etc.
Non-essential Non-essential
Ligthing 1 Ligthing 2 Emergency lighting
Laundry Galley
etc. etc.

Where transformers or power convertors constitute an essential part of the electrical
distribution system, the system shall be arranged to ensure the same continuity of the supply.

The capacity of these sources shall be such that in the event of any one being_ stopped, it
shall sfill be possible to supply those services necessary to provide:

a) nofmal operational safety;

b) mipimum comfortable conditions of habitability, including at least adequate serviges for
lighting, cooking, heating, domestic refrigeration, mechanical yentilation, sanitaty and
fresh water;

c) preservation of the cargo.

The mpin electrical generation shall consist of at least two independent power sourceq, such
as diegel generators and fuel cells.

A generator or generator system, having the ship!s. main propulsion machinery as its| prime
mover| may be accepted as main sources of elec¢trical power, provided that it can be ysed in
all opgrating modes for the propulsion plantgjincluding standstill of the vessel (with the
propeller stopped). When there are several miain propulsion engines, each of these cquld be
the driver of a main source of power. Ong\propulsion engine can only be the driver pf one
main source of electric power.

8.1.2 Arrangement

The miain principle for arrangement of machinery for propulsion and power generatiop on a
normal seagoing vessel is that the installation shall be located within the boundaries|of the
enging room (i.e. within_the*extreme main transverse watertight bulkheads forming the e¢ngine
room),| and that the engine room has an A60 boundary towards other parts of the vessgl. For
smaller vessels like\fishing vessels and yachts, this requirement may be modified (see
IEC 6(Q092-507).

of powler.

Sourc\:qs of electric power located outside the engine room are regarded as additional spurces

For ships with specific redundancy and vulnerability requirements, the arrangement shall be in
accordance to the applicable regulations and appropriate authority requirements.

NOTE Ships with more stringent redundancy requirements are for example DP vessels and cruise vessels with
electric propulsion.

8.1.3 Operability

It shall be possible to start the required main sources of power by an operator in the engine
room. Starting shall be based on stored energy located within the engine room, and with
control systems located within the boundaries of the engine room. Manual starting of all main
sources of power is a functional requirement and shall not be dependent on any other main
source of power running (i.e. all main sources of power shall have individual capability to be
started in a blackout situation).
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It is accepted that only one main source of power can be started by stored energy, as long as
this generator is not used in any other operating mode of the vessel (i.e. a dedicated standby
generator). The stored energy used for this purpose shall be duplicated.

There shall be a manual mode of operation for the generator sets (start, stop, and operation)
enabling individually control of the different sources of power, without dependency of common
control systems.

Automatic actions, such as standby start, load shedding, or automatic start and stop, may
depend on a common automation system located within the engine room. Automatic actions
are not required to be operable in the manual mode.

8.1.4 Load shedding and automatic restoration of power

The dg¢sign of the main power generation system shall include automatic response (e.g. load
shedding) in case one main source of power suddenly becomes unavailable;ie. the gngine
stops ¢r the generator circuit breaker trips.

A seaworthy vessel shall be able to continue normal operation after a~failure of any one| of the
main gources of electric power.

Any mpin source of power that is not in use when a blackout occurs shall be able to stgrt and
conne¢t to the main busbars automatically when the blackout*happens (unless it is lockled out
by its protection or made unavailable due to maintenancécsactivities). This requirement applies
unless|the system is designed with a dedicated standby.generator.

The cgntrol, monitoring and protection of essentiallloads shall be supplied by a limited| break
supplylor maintained supply.

The continuity of electrical power supply:;-of control, monitoring and protection of esgential
systerls shall be in accordance to the applicable regulations and appropriate authority
requirgments.

If a ggnerator is tripped by its“short-circuit protection or differential protection, it will pot be
available for any restarting before the fault is manually acknowledged. Any requirements for
automatic actions will therefore not be applicable.

Generpgtors that are) tripped by less-critical protective functions, for examplel their
underyoltage relays* or overcurrent protection, may be restarted and connected without
manudl acknowledgement of the protective action. However, it is accepted that an activated
protectfion function prevents the generator set from being reconnected.

8.2 Bus<tie breakers

In installations where the main source of electrical power is necessary for propulsion of the
ship, the main busbar shall be subdivided into at least two parts which shall normally be
connected by circuit breakers or other approved means; so far as is practicable, the
connection of generating sets and other duplicated equipment shall be equally divided
between the parts.

NOTE See also IEC 60092-501.

The location of the subdivided main busbar parts shall be located in separate rooms if
required owing to applicable regulations or appropriate authority requirements. Typically, only
one main switchboard is installed in one room.
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In addition to the required automatic system for load shedding and/or standby start in case of
a failing main source of power, it is required that it is possible to split the main busbar in
installations where the total installed of the main power sources is in excess of 3 MW.
Duplicated sources of power, consumers and feeders shall be distributed on each side of the
bus-tie, so that it is possible to restore necessary power supply to propulsion, safety, and
habitability in case there is a failure in one of the main busbar sections.

The bus-tie breaker/s shall be equipped with a protection relay and or tripping interlocking, to
ensure operation of at least one part of the subdivided main busbars.

In a scenario where a main busbar section has been damaged, its related standby generator

i } fr e fe—Fe tion of
bply is
gency

power is not required. Manual operation in order to re-establish the power, sy
accepfed, but without the need to use the emergency source of power or theCeme
power|distribution system.

8.3 [Starting from a dead ship condition

It is rgquired that the installation be designed and installed so that jt{is-possible to bring the
ship into operation from a "dead ship" condition. Starting from a dead’ ship condition shall be
possiblle with any main source of power out of operation.

Since p system with a dedicated standby generator may be accepted, it can also be acgepted
that thJ)s dedicated standby generator is necessary in ordér to start the machinery from & dead
ship condition.

Wherel the means for starting from a dead-ship' condition is solely electrical and the
emergency source of electrical power cannot be,used for this purpose, the means for starting
the generator set to be used for start-up from. the dead-ship condition shall be providgd with
starting arrangements at least equivalent, to those required for starting the emefgency
genergtor set.

The emergency source of electricalvpower may be used for the purpose of starting from a
dead-ghip condition if its capability either alone or combined with that of any other soyrce of
electrical power is sufficient to provide at the same time the emergency services required by
the appropriate authority.

NOTE [It is acceptable that\the procedure for starting in a dead ship condition requires power feedback from the
emergency switchboard, Ifthe receiving busbar for this emergency power is damaged, restart may be impogsible. A
failing busbar will by itself‘not result in a dead ship condition since all forms of stored energy still shall be gvailable
in the gngine room{ after such a failure. It is therefore acceptable that restart in a dead ship condition with a
damageld part of theymain busbar is impossible without repair.

8.4 [Consequences of a busbar failure or a control system failure

The r U;IGIIIGIIt tU GUtUIIIGt;\J :uad Ohcdd;lly Ul otalt;ns Uf IIIG;II QUUTUTO Uf }JUVVUI ;II [=} b: CkOUt
situation is a functional requirement which does consider a faulty generator set. There is no
requirement that the bus-tie is automatically opened in a blackout situation. Therefore, if the
blackout is caused by a failure of the main busbar, automatic starting and connection of a
standby generator may not be successful and the bus-tie shall be opened and interlocked.

NOTE 1 For additional class notations, or on vessels without dedicated emergency system, it might be a
requirement that the bus-ties shall open on black-out and that there shall be black-out recovery arrangements on
both (all) sections.

However, after manual opening of the bus-tie, it shall be possible to manually start and
connect a generator on each side of the main busbar (except on the faulty busbar). Such
starting and connection shall comply with the requirements given above.
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The above also applies to a situation where a common control system fails (e.g. a centralized
IAS or PMS system). As long as most common control system failures are alarmed in a
centralized alarm system, a failure in the control system may result in loss of automatic
starting in a blackout situation. However, after setting the diesel control system and the
generator/generator cubicle in local mode, the possibility to perform starting and connection
shall comply with the requirements above.

NOTE 2 It is acceptable that the procedure for starting in a dead ship condition requires power feedback from the
emergency switchboard. If the receiving busbar for this emergency power is damaged, restart may be impossible. A
failing busbar will by itself not result in a dead ship conditions since all forms of stored energy still shall be
available in the engine room after such a failure. It is therefore acceptable that restart in a dead ship condition with
a damaged part of the main busbar is impossible without repair.

8.5 [Additional source of electrical power

Generators driven from the propulsion plant that do not comply with Clause 8 may\be used as
additignal source(s) of electrical power with respect to the power balance, bUt at{ention
should be given to a quick restoration of electrical power to all auxiliaries) necessary for
maintdining the ship in operational and safe condition. The time involyed for restoring the
aboveimentioned services should be no longer than 45 s.

Sourcg(s) of power that do not comply with the requirements given'in 8.1 to 8.5 may bg¢ used
as additional source(s) of electrical power.

8.6 |[Emergency source of electrical power

When Jan emergency source of power is required by tfie’appropriate authority this shall be a
self-cqntained and independent source of electrical power. Provided that suitable megsures
are taken for safeguarding independent emergency operation under all circumstancgs, the
emergency source of electrical power may, in,exceptional cases and for periods of short
duratign, be used to supply non-emergencyxgircuits. These non-emergency circuits shall be
disconnected in the event of an overcurrent:

The physical arrangement (location);electrical system design, power available, durafion of
supplyl] and services provided for 'safety in an emergency shall be as required by the
appropriate authority.

It shal|l not be possible «to-overload the emergency source of power when used|in an
emergency situation. Theemergency source of power shall therefore only be protected by
short [circuit protection~"and undervoltage tripping. Overload protection may, inst¢ad of
disconnecting the generator automatically, give a visual and audible alarms.

Provisjon shall.be made for the testing at regular intervals of the complete emergency|power
systenm and-shall include the testing of the automatic starting arrangements.

9 Distribution system requirements

9.1 General

Requirements for installation of equipment are given in IEC 60092-401.
Requirements for tankers are given in IEC 60092-502.

9.2 Distribution systems for electrically powered containers or temporary loads

Where the ship is intended to carry containers or temporary loads, provisions shall be
installed for preventing earth faults affecting the main distribution system.
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9.3

Methods of distribution

The output of the ship's service generators can be supplied to the consumers of current by
the way of either:

a) branch system, or

b) meshed network or ring-main.

The cables of a ring-main or other looped circuit (e.g. interconnecting section boards in a
continuous circuit) shall be formed of conductors having sufficient current-carrying and short-

circuit

capacity for any possible load and supply configuration.

9.4
9.4.1

Currer
and Fi

alance of loads
Balance of load on three-wire DC systems

t-consuming units connected between line and middle wire (M in System™b) in Fi
gure 2) shall be grouped in such a way that, under normal conditions, the load

two hglves of the system is balanced as far as possible within 15 % of their respective |

the individual distribution and section boards as well as the main switchboard.

9.4.2 Balance of loads in three- or four-wire AC systems

For AC three- or four-wire systems, the current-consumingwhits shall be so grouped
final stib-circuits that the load on each phase is, under normal conditions, balanced as
possible within 15 % of their load at the individual distribution and section boards as
the mgin switchboard.

9.5 [Final sub-circuits

9.5.1 General

A separate final sub-circuit shall be provided for every motor required for an essential g
and fof every motor rated at 1 kW or more.

When |not dedicated to socket outlets up to 32 A, final sub-circuits rated above 16 A
supply] not more than one appliance.

9.5.2 Final sub-circuits for lighting

Final gub-circuits forgtighting shall not supply appliances for heating and power exce
small galley equipment (e.g. toasters, mixers, coffee makers) and small miscellaneous

(e.g. desk and .cabin fans, refrigerators) and wardrobe heaters and similar items n
supplied.

NOTE |[Fipalssub-circuits for lighting should preferably be dedicated to lighting only.

gure 1
on the
oad at

in the
far as
vell as

ervice

\ shall

bt that

motors
ay be

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

The number of lighting points supplied by a final sub-circuit having a current rating not
exceeding 16 A shall not exceed the following maxima in Table 6.

Table 6 — Maximum number of lighting points

Voltage Max number of points
Upto 55V 10
From 56 V to 120 V 14

From 121 V to 250 V 24
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Cornice-lighting, panel-lighting and electric signs, where lampholders are grouped in close
proximity to each other and are connected to the circuit with fixed wires, may be connected to
a final sub-circuit, provided that the maximum operating current in the final sub-circuit does
not exceed 10 A.

In the absence of precise information regarding lighting loads of final sub-circuits it may be
assumed that every lamp holder requires a current equivalent to the maximum load likely to
be connected to it, which is assumed to be at least 60 W; except that, where the lampholder is
so constructed as to take only a lamp rated at less than 60 W, the current rating may be
assessed accordingly.

bte—include

F' I cub-cironiite far lint: H dati ac
inal sub-eireuits—fortighting—n—acceommodation—spaces—may—as

sockeftoutlets. In that case, each socket-outlet counts for 200 VA.

9.5.3 Final sub-circuits for heating

Each heater shall be connected to a separate final sub-circuit except that-up to ten small
heaters of total connected current rating not exceeding 16 A may be connected to a|single
final stib-circuit.

Separate transformers should be used for supply to trace heating.systems.

9.5.4 Control circuits
9.5.4.1 General

Requiements for control circuits are given in IEC, 60092-504 and IEC 60204-1.

9.5.4.2 Supply systems and nominal voltages

As thg extension and complexity of control circuits may vary, it is not possible to lay down
detaildd recommendations for type of supply and voltage, but consideration should be given to
choosing DC or AC systems with nominal voltages as indicated in Tables 2 and 3.

Whergl external control systems are grouped in a console, unless individually prdtected
againgt accidental contact and properly marked, the control voltage shall not exceed 230 V.

9.5.4.3 Circuit design

Contrdl circuits shiall'be designed in such a manner that, as far as practicable, faults in these
circuit$ do notimpair the safety of the system.

In particular, control circuits shall be designed, arranged and protected to limit dangers
resultihg.from a fault between the control circuit and other conductive parts liable to|cause
malfunction (e.g. inadvertent operation) of the controlled apparatus.

Electrical faults and low insulation of control or safety circuits for propulsion, manoeuvring
and power systems shall generate audible and/or visual alarms clearly identified by the
operator.

NOTE 1 For tankers, locally earthed control circuits in safe areas are exceptions as per IEC 60092-502.

NOTE 2 Attention is drawn to the separation of control circuits to maintain the availability of essential services in
the case of a fault in a control circuit exterior to the equipment.

9.5.4.4 Motor control

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