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eword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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The tommittee responsible for this document is ISO/TC 188, Small craft, together with CEN
Small craft and IEC/TC 18, Electrical installations.of ships and of mobile and fixed offshore un

atent rights identified during the development of the document will be in the Introdu
e ISO list of patent declarations received (see www.iso.org/patents);

sment, as well as information about ISO’s adheretnice to the WTO principles in tH
ers to Trade (TBT) see the following URL: Forewdrd - Supplementary information
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Introduction

Electrical propulsion systems are becoming more common in recreational craft and other small craft
and propulsion system voltages of up to AC 1 000 V and DC 1 500 V are possible together with variable
speed drives operating at frequencies which differ from 50/60 Hz or DC.

Electric propulsion systems for small craft are generally designed and constructed from a number of
component parts many of which can be of proprietary origin and all of the electrical and control items

are intercon

There are a

nected by cables and operated as a system.

qignifirnnf number of electrical propulsion system architectures for small craft an

the

main types

DC souf
board D)
electric
Variablg
means (
electric
aVFDo
DC elect

AC sour
The ele
motor d

mechanlfical means of providing thrust. The electric propidsion system may be DC fully insu

system
propuls

Also po
source }
energy i

consumiers.

[t is essent]
of the equipg
propulsion {

Current eled

hre the following.

ced. The main power source is a propulsion battery which is either rechargéd-fron
C generators, or on-board AC generators/an AC shore supply through battery‘chargers
propulsion system(s) may be variable speed through a DC motor controllenor AC throi

f providing thrust. The electric propulsion system may be electrically, separate from
hl systems on board (e.g. be fully insulated via the motor controller,©5be an ACIT systel
 motor starter). Or the electrical propulsion system may be integrated with the whole
rical system using converters DC/DC, DC/AC to provide for different services/consum

ced. The main power source is AC generator(s) generally configured as TT, TN-C or
Ctric propulsion system(s) may be DC variable speedsthrough a AC/DC converter an|
ontroller, or AC through a VFD, or be fixed speed with a variable pitch propeller or

or be an AC IT system via a galvanically isolatedVFD or via an isolating transformer.
ion system(s) may be supported by propulsign:battery.

5sible are hybrid systems similar to the types being introduced for road vehicles when
s an internal combustion engine providing, for example, energy to a relatively lightw|
torage system with power take-off¥ia converters to propulsion motor(s) and other elect

al that the electric propulsion system designer/installer be competent with all asj
ment included in the desigh of a particular system such that the component parts d
ystem are integrated-in‘a’coherent and safe manner.

trical standards for-small craft of less than 24 m LH are the following:

33 which is/limited to recommendation for the design, construction and installati
rrent systenis that operate at a voltage of DC 50 V or less; and

D7 which'is limited to single phase alternating current electrical systems less than AC 2

 on-
. The
igh a

 Frequency Drive (VFD) or be fixed speed with a variable pitch propeller,of-other mechanical

bther
n via
craft
ers.

'N-S.
d DC
bther
lated
A DC

e the
eight
rical

bects

f the

bn of

50V.

1€se standards includes requirements for electrical propulsion systems.

IEC 60092-507 is applicable to small craft up to 50 m/500 GT and includes requirements for three-

phase systems not exceeding AC 500 V and single-phase systems not exceeding AC 250 V and for
DC systems and sub-systems not exceeding DC 50 V nominal, and includes a section on electric

a) ISO 101
directc
b) 1SO 132
Neither of t}
c)
propuls
Vi

ion systems.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=0b0458a93c5ddd3a73b156231e24e9a4

INTERNATIONAL STANDARD

ISO 16315:2016(E)

Small craft — Electric propulsion system

1

Scope

This International Standard addresses the design and installation of alternating current (AC) and direct
current (DC) electrical systems used for the purpose of electrical propulsion and/or electrical hybrid
(system with both a rechargeable battery and a fuelled power source) propulsion.

This|International Standard applies to electrical propulsion systems operated in the folle
eithdr individually or in combination:

This|International Standard applies to electrical propulsion systemS.installed in small craf]
length of the hull (Ly according to ISO 8666).

This|International Standard also lists in Annex A additional.information to be included in
mantial as well as Annex B additional information to be previded to the installer.

2
The

indigpensable for its application. For dated-references, only the edition cited applies. ]
referjences, the latest edition of the refereiiced document (including any amendments) appl

ISO 8846, Small craft — Electrical devices — Protection against ignition of surrounding flamr

[SO 9094, Small craft — Fire protection

ISO
ISO
ISO
ISO
ISO

SO 2519772612, Smatt craft— Electrical/etectronic Comtrot Systerms for Steering, Shiftamd thr

dlirect current of less than 1 500 V DC;
gingle-phase alternating current up to AC 1 000 V;

three-phase alternating current up to AC1 000 V.

Normative references

following documents, in whole or in part;*are normatively referenced in this documnj

10133:2012, Small craft,— Electrical systems — Extra-low-voltage d.c. installations
10239, Small craft-=<"1Liquefied petroleum gas (LPG) systems

10240, Small¢raft — Owner’s manual

11105, Small craft — Ventilation of petrol engine and/or petrol tank compartments

13297:2014, Small craft — Electrical systems — Alternating current installations

ving ranges

t up to 24 m

the owner’s

ent and are
For undated
es.

hable gases

IEC 60079-series, Electrical apparatus for explosive gas atmospheres

ttle

IEC 60092-202:1994/Amd 1:1996, Electrical installation in ships — Part 202: System design — Protection

IEC 60092-303, Electrical installation in ships — Part 303: Equipment — Transformers for power and
lighting

IEC 60092-352, Electrical installation in ships — Part 352: Choice and installation of electrical cables

[EC 60092-507:2014, Electrical installations in ships — Part 507: Small vessels

IEC 60898-1, Electrical accessories — Circuit-breakers for overcurrent protection for household and similar
installations — Part 1: Circuit-breakers for a.c. operation

© ISO 2016 - All rights reserved
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[EC 60945, Maritime navigation and radiocommunication equipment and systems — General requirements
— Methods of testing and required test results

[EC 60947-2

, Low voltage switchgear and control gear — Part 2: Circuit breakers

IEC 61558-2-4, Safety of transformers, reactors, power supply units and similar products for supply voltages
up to 1100 V — Part 2-4: Particular requirements and tests for isolating transformers and power supply
units incorporating isolating transformers

[EC 61558-2-6, Safety of transformers, reactors, power supply units and similar products for supply voltages
up to 1 100 V — Part 2-6: Particular requirements and tests for safety isolating transformers and power

supply units

3 Terms

For the pury

31

safety voltd
<AC> voltag
earth,inac
with separa

<DC> voltag
in a circuit ¢

Note 1 to ent

as wet surrolindings or exposure to heavy seas or where direct contact with live parts is involved.

Note 2 to ent]
purpose of th

[SOURCE: I§

3.2

rated volta
Uo

<TN system|
<IT systemg
<DC system
[SOURCE: IH

3.3

'nrnrpnr'nring cnfph/ icnlnt‘ing tran Cfnrmprc

and definitions

oses of this document, the following terms and definitions apply.

ge

e which does not exceed AC 50 V r.m.s. between conductors, or between any conducto

rcuit isolated from the supply by means such as a safety isolatingtransformer, or conv
te winding

e which does not exceed 50 DC V between conductors, er between any conductor and ¢
vhich is isolated from higher voltage circuits

ry: Consideration should be given to the reduction ofthelimit of 50 V under certain conditions

ry: The voltage limit should not be exceeded either at full load or no load, but it is assumed, f
is definition, that any transformer or converter is operated at its rated supply voltage.

€ 60092-101:1994, 1.3.19]

e
s> nominal AC r.m.s. line-voltage to earth
> nominal AC r.m.s, voltage between line conductor and neutral conductor

5> nominal D€ voltage between poles

C 60092¢507:2014, 3.1.4]

- and
erter

arth,

such

r the

live part

conductor

h] e —_ 11 . 1 - 1 1 e . R T
[ conauctive pdart HILCIIAacu L0 DE CIICTgIZcU 111 TTIOT'IIIdD OpPCTdilOIl HICTUUIILE 4 1T

tral

conductor, but by convention not a PEN conductor (a conductor combining the functions of both a
protective conductor and a neutral conductor)

Note 1 to entry: This term does not necessarily imply risk of electric shock.

[SOURCE: IEC 60050-195:1998, 195-02-19, modified as follows: The text “or a PEM conductor or PEL
conductor” has been deleted. The text in brackets has been added]
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earthed

grounded, en US
connected to the general mass of the hull of the craft in such a manner as will ensure at all times an
immediate discharge of electrical energy without danger

[SOU

3.5
read

RCE: IEC 60092-101:1994, 1.3.9, modified as Note 1 to entry has been deleted]

ily accessible

capable of being reached quickly and safely for effective use without the use of tools

[SOU

3.6
final
port

[SOU
have

3.7
over
devig
exce

3.8

fuse
devi
open
suffi

Note
[SOU
39

RCE: [SO 13297:2014, 3.17]

circuit
on of a wiring system extending beyond the final overcurrent protection deyice for th

ht circuit

RCE: IEC 60092-101:1994, 1.3.17, modified - The words “overcurrentprotective devic¢ of a board”

been replaced with “overcurrent protection device for that circuit/]

current protection device

e provided to interrupt an electric circuit in case the,conductor current in the electric circuit

bds a predetermined value for a specified duration

e that by the fusing of one or more of its specifically designed and proportioned ¢omponents,
s the circuit in which it is inserted by breaking the current when this exceeds a given value for a

Cient time
1 to entry: The fuse comprises all the parts that form the complete device.

RCE: [EC 60050-441:1984, 441-18-01, modified]

circ

it-breaker

mechanical switching deyiee capable of making, carrying and breaking currents under nqrmal circuit

condfitions, and also making, carrying for a specified time and breaking currents und

abno
[SOU
3.10

residual ¢urrent device

RCD

mal circuit conditions such as those of a short circuit

RCE: [EC 60050-441:1984, 441-14-20]

adioal ool davica-dacignad +ao waolra ooy o d haeaoly cpippapte i dan oo

er specified

al service

mecl

g
aIICaT Svvicenrs aCvICCTOCSTETICU CU— Talse,— Carr y auu orToals COrrots anuch 1ot

conditions and to cause the opening of the contacts when the residual current attains a given value
under specified conditions

[SOURCE: IEC 60050-442:1994, 442-05-02, modified as Note has been omitted]

3.11

protective conductor
PE (identification)

cond

uctor provided for purposes of safety, for example, protection against electric shock

Note 1 to entry: In an electrical installation, the conductor identified PE is normally also considered as protective
earthing conductor.

[SOURCE: IEC 60050-195:1998, 195-02-09]
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connection of non-current-carrying parts to ensure continuity of electrical connection, or to equalize
the potential between parts comprising, for example, the armour or lead sheath of adjacent length of
cable, the bulkhead, etc.

[SOURCE: IEC 60092-101:1994, 1.3.7, modified - Last part concerning “cables in a radio-receiving room”
has been deleted.]

3.13
conductor

conductive
[SOURCE: IH

3.14

neutral con
conductor e
electrical en

[SOURCE: I§

3.15
line condug
phase condy

conductor W
distribution

[SOURCE: IH

3.16
transforme
energy cony
conductor

3.17
switch
mechanical
conditions V
time curren

Note 1 to ent

3.18
panel boar
assembly of

3ot dod & afiaod ol daas 4
dl L IIItT1iiutu tu tal 1 _y d DPCLIIICU citetiric turroiit

C 60050-195:1998, 195-01-07]

ductor

ergy
C 60050-195:1998, 195-02-06]

tor
ctor (in AC systems) (deprecated) pole conductor (in DC systems) (deprecated)

Fhich is energized in normal operation and capable, of contributing to the transmissi
of electric energy but which is not a neutral conductor

€ 60050-195:1998, 195-02-08]

r
erter with isolating separation between the input and output windings and the prote

switching device capable of making, carrying and breaking currents under normal ci
Vhich may include $pecified operating overload conditions and also carrying for a speg
Ls under specifigd-abnormal circuit conditions such as those of short circuit

Fy: A switch.may be capable of making but not breaking short-circuit currents.

il
devices, such as circuit breakers, fuses, switches, instruments and indicators, fo

ectrically connected to the neutral point and capable of contributing te the distributipn of

pn or

ctive

rcuit
ified

- the

anfralling and /oy dictibibin g Alastinal] o

purpose of ¢

1 IAZQL
UTICT Ut S oo UT UTS Tr io Ot g CIe CorICar povveT

Note 1 to entry: Examples of devices include circuit breakers, fuses, switches, instruments and indicators.

3.19

disconnector
mechanical switching device which provides, in the open position, an isolating distance in accordance
with specified requirements

[SOURCE: IEC 60050-441:1994, 441-14-05]
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battery pack
mechanical assembly comprising battery cells and retaining frames or trays and possibly components
for battery management

Note 1 to entry: Notel to entry: Typical battery packs will be a single assembly, voltage and connection in an

enclo
Note

[SOU

sure.
2 to entry: Several connected battery packs form a battery bank.

RCE: ISO 12405-2:2012, 3.2, modified by additional Note 1 and 2 to entry]|

4

4.1

Elect

component parts many of which can be of proprietary origin and all of theyelectrical and ¢

arei

Itis
equij
systd

The1
the g

prop

The
smal

Diffe
(TN-

particular requirements for earth leakage current monitoring, alarm and tripping systems

DC s
resis
grea
mid-

For [
of sa

DCe
sour

eneral requirements

General

ric propulsion systems for small craft are generally designed and constructed from

hterconnected by cables and operated as a system.

bssential that the propulsion system designer/installer shall becompetent with all ag
pment included in the design of a particular system such thatthe component parts of th
m are integrated in a coherent and safe manner.

ated power output of each electric propulsion systerat the motor shaft shall be desigr
ropeller characteristics and the required rotational speed range or thrust range of v§
ellers/thrusters.

plectric propulsion system may be electrically separate from other electrical system§
| craft.

rent types of AC electrical system.inc¢lude four-wire with neutral earthed, but withou
C), five-wire with neutral earthed; but without hull return (TN-S), and IT system

ystems may be either earthed, or be fully insulated with particular requirements fg
tance monitoring, alarm and tripping systems. For DC propulsion systems operating
er than safety voltage) a three-wire system (e.g. DC +48 V/0/-48V) may be considel
point conductor earthed to limit prospective touch voltage.

C electric prepulsion systems and other electrical systems with rated nominal voltag
fety voltage;the precautions against the risk of electric shock shall be observed.

ectric'propulsion systems may have large capacity battery bank(s) or pack(s) as the
Ce, and particular attention is required for the following:

h number of
bntrol items

pects of the
b propulsion

led to match
iriable pitch

on board a

[ hull return
with their

b

r insulation
at voltages
ed with the

es in excess

main power

a)
b)

e A DA - 4 £ h) i 1 1 1 et 1 4 4
CIILIIAUUIT TCTYUIT TIHITIHILS TITLTS 541 y TUL UdULTL Yy UdIIR UL U4LLCT y PJdUR CULITP Al LIHITIILS,

battery pack;

)

or battery pack.

Electric propulsion circuits shall be designed to protect against the following:

type and size;

grounding/earthing system protection as appropriate.

© ISO
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requirements for an overcurrent device and an isolation switch for each propulsion battery bank or

circuit protection requirements for permanently energised circuits supplied from a battery bank

fire by the use of overcurrent protection, grounding/earthing, terminal protection and conductor

shock by the use of enclosures, conductor and terminal insulation, automatic disconnection and
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Electric propulsion circuits shall not interact with other circuits in such a way that circuits would fail to
operate as intended.

4.2 Components of an electric propulsion system

The electric propulsion system may include several sub-systems and components including, but not
limited to, the following:

— batteries;

— battery management systems;

— AC or DL generators;

— AC/DC,|DC/DC, DC/AC, AC/AC converters, Variable Frequency Drives;

— electric|propulsion motors;

— propulsjion panel board;

— propulsjion motor controls, monitoring, system alerts and trip alarms;

— transfofmers;

— conductors and cables;

— isolation switches (disconnectors), circuit breakers, contactors, fuses.

Each of thesg propulsion system components shall conform‘to the relevant ISO/IEC standard.

4.3 Electric propulsion systems

4.3.1 An dlectrical propulsion system may be

a) DC, sourced from battery(s) or DC generator(s) or AC/DC converters from an AC source, or

b) AC, soufced from alternator(s) or@aDC/AC converter from a DC source [e.g. battery(s)].

The energy| source(s) of an eleetric propulsion system may be reserved for this purpose an
electrically geparate from othet-electrical systems on board a craft, or all electrical systems on b
a craft may| be directly confiected to a common source but propulsion system(s) may have sp
requirements for electrical separation, earthing/bonding, conductor installation, etc. from the

items of ele(

The rated v
craft and us

trical equipment and circuits included in the overall design.

bltage ofian electric propulsion may be different from other electrical systems on-bo
es either AC or DC systems.

d be
oard
peific
bther

hrd a

For an A

Cyronulsion svustem it mav be at variable freguency.
Tor Y 7 " s Yy

For a DC propulsion system sourced from an AC system, the DC electrical propulsion system may

be obtained from an AC/DC converter with galvanic separation between input and output and
appropriate arrangements made at the output for fully insulated or negative earth propulsion
systems. Similarly, an earthed two wires propulsion system may be supplied from an insulated two
wires source via a DC/DC converter with galvanic separation and vice versa.

ForaDC propulsion system sourced from a DC system, the source shall have the same characteristics.

Systems may require attention to the treatment of the neutral earth, and also have specific
requirements in respect of earthing and bonding relative to the requirements of other electrical

systems on-

board a craft.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=0b0458a93c5ddd3a73b156231e24e9a4

ISO 16315:2016(E)

4.3.2 A DC electrical propulsion system may be configured as

a)
b)

fully insulated two-wire system (IT) or

two-wire system with negative earth/bonded (TN-S, TN-C, TN-C-S).

4.3.3 Asingle-phase AC electrical propulsion system may be configured as

a) single-phase two wire insulated (IT), or

b) single-phase two-wire with earthed neutral (TT or TN-C without hull return); or TT (when shore
gonpected)or

c) gingle-phase three-wire with mid-point earthed, both neutral and protective.conductor (PE)
¢arthed at the energy source without hull return (TN-S).

4.3.4 Athree-phase electrical propulsion system may be configured as

a) three-phase three-wire insulated (IT), or

b) three-phase four-wire with earthed neutral (TT or TN-C without hull return); or TT (when shore
¢onnected), or

c) three-phase five-wire with mid-point earthed, both neutraland protective conductor (|PE) earthed
3t the energy source without hull return (TN-S).

If th¢ AC propulsion system is required to be an IT from a TN source (or vice-versa), then|an isolation

trangformer conforming to IEC 61558-2-4 (Up up te;AC 1 100 V, maximum rated outpug 25 kVA for

single phase, 40 kVA for three-phase) may be used.providing galvanic separation between |

secondary windings with appropriate arrangemefts being made at the secondary circuit(s).

If an
incre

2-6,

requ

An A
sepa
to bd
conv
or thiree-phase) to be T or TN as required. The AC/AC converter may also be variable fre
(vari

NOTH
meth
direc

A cr

AC 110 V single-phase propulsion system is required sourced from an IT or TN
ased safety is required, then a safety,isolating transformer may be used conforming t
reducing the prospective touch voltage Up to 63,5 V. (Note that secondary winding
red to be earthed).

C propulsion system may be sourced from a DC source via a DC/AC converter provid
Fation between input andoutput allowing the AC propulsion system (single-phase or {

IT or TN as required,) The DC/AC converter may also be variable frequency. Similar
erter may be used'\providing galvanic separation and allowing the propulsion system (3

able frequencicdrive).

For'craft with metallic hull, the large cross-section area of metal for earth return pathse
pd of earthing and bonding (TT, TN and IT systems) in which non-current-carrying parts c{
L tothé hull of the craft.

brimary and

source and
IEC 61558-
entre tap is

ing galvanic
hree-phase)
y, an AC/AC
ingle-phase
juency type

hables simple
in be bonded

frwithh a nor-metatiic iutt TequiTes to be provided witit @ protective conauctor w

separate from the neutral conductor (TN-S) or not separate (TN-C).

© ISO 2016 - All rights reserved

ich may be


https://standardsiso.com/api/?name=0b0458a93c5ddd3a73b156231e24e9a4

ISO 16315:2016(E)

4.4 Arrangements for other electrical equipment and circuits on-board a small craft
connected to a common energy source for both propulsion and general electrical
installation

4.4.1 DC systems

In DC systems, equipment and circuits may be connected to the same source as the propulsion system
as follows:

a)

b)

d)

4.4.2 AC gystems

Where the DC propulsion system requires to be insulated from earth as in 4.3.2 a), other equipment
and circuits shall be directly connected to the common DC source(s) these other electrical
equipment and circuits shall also be fully insulated from earth (in this case, a common insulption
resistarjce monitoring system as specified in 6.3). Each item of electrical equipment or final circuit
connectfled shall be provided with an overcurrent/fault protection device [circuit breakén or fuse(s)]
which in the case of a fully insulated system shall trip both poles of the protective device.

If either the propulsion system or the other equipment is required to be fully\inSulated ang the
other negatively earthed or vice versa (or is a three-wire system with eentre earth), DC/DC
convertprs with galvanic separation between input and output may be used:where the output(q) can
be configured to be fully insulated or negative earthed or earthed three-wire as appropriate.|Each
propulsjon system or item of electrical equipment or final circuit connected to a DC/DC converter
shall bd provided with an overcurrent/fault protection device [circuit breaker or fuse(s)] and in
the casg of fully insulated propulsion system or other equipmentor final circuits, the protective
device ghall trip both poles of the circuit feeding the equipmentuor circuits. The input circuit to|each
DC/DC ¢onverter shall be protected by an overcurrent device'at the source.

DC equjpment and circuits rated at different voltages.may be connected to a common squrce
via DC/IDC converters, each provided with input apdoutput overcurrent/fault protection dgvice
[circuit[breaker or fuse(s)] as in b) above. If the DG/DC converters have galvanic isolation betyeen
input and output, the connected equipment or, circuits may be either configured as fully insujated
or have[the negative pole earthed or be centre wire earthed in three-wire systems.

AC equipment and final circuits (includihg'AC propulsion systems) may be connected to a conjmon
DC system via DC/AC converters, the output of which may be variable frequency/voltage in the case
of ACV]drives. Each item of AC electrical equipment or final circuit connected shall be provided|with
an over¢urrent/fault protection.device [circuit breaker or fuse(s)], and where appropriate a RC}, and
the appropriate equipment or-findl circuit configuration also being made at the converter outpul.

In AC systerps, equipment and circuits may be connected to the same source as the propulsion syjstem

as follows:

a)

b)

Where the AG@propulsion system requires to be insulated from earth (IT) and is supplied from a
non IT type source and/or if the rated voltage of the of the AC IT propulsion system is different|from
the rated vultagc of-the-sourceandother equipnrent andrcircuitscontrected-to-thesourcetheh the
AC propulsion system may be connected via an isolating transformer conforming to IEC 61558-2-4
which provides isolation between primary and secondary windings or AC/AC converter. Each item
of propulsion equipment or circuit(s) connected to the isolation transformer secondary winding or
converter output shall be provided with an overcurrent/fault protection device [circuit breaker or
fuse(s)] and the IT propulsion system and circuits shall be monitored for earth (ground) faults as
in 6.4. Each propulsion system isolation transformer primary circuit or AC/AC converter shall be
protected by an overcurrent device at the source.

Alternatively, if the AC propulsion system is directly supplied from an AC source with both
propulsion system and source having a common system configuration (IT, TT or TN type), then
other electrical equipment and circuits requiring different configuration(s) or rated voltage(s) may
be supplied from the AC source via isolation transformer(s) conforming to IEC 61558-2-4 providing
isolation between primary and secondary windings or AC/AC converters with the appropriate
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circuit arrangements then made on the secondary output circuits (IT, TT, TN-C or TN-S). Each
item of electrical equipment or final circuit so connected to the secondary winding of an isolation
transformer or output of an AC/AC converter shall be provided with an overcurrent/fault protection
device [circuit breaker or fuse(s)] and where appropriate, an RCD. If safety isolated equipment or
circuits are required to be connected (i.e. AC reduced low voltage AC 63,5 V/0/-63,5 V) referenced to
earth (ground), then a safety isolating transformer may be employed conforming to [EC 61558-2-6.
Separated extra-low voltage (SELV) transformers (e.g. for lighting circuits) may also be employed.
Each isolation transformer/safety isolation transformer primary circuit or AC/AC converter shall

be protected by an overcurrent device at the source.

c) DC propulsion systems equipment and circuits [which may be supported by battery(s)] may be

4.5

4.5.1
Whe
(95°

4.5.2
whic
strof]
movyq

4.5.3
with
desig

4.6

Elect
and

System via Ttem of electrica
quipment or other final circuit connected to the AC/DC converter output or battery's
ystem shall be provided with an overcurrent/fault protection device [circuit breaker
nd in the case of a fully insulated system the protective device shall trip both¢poles an
hall be monitored for low insulation resistance as in 6.4. Each AC/DC conyerter shall
y an overcurrent device at the AC source.

Environmental factors

The propulsion system shall be designed for the environmient in which it is intende
e necessary, consideration shall also be given to raw watef cooling temperature range
F).

Ventilation shall be adequate to maintain the amibient temperature at or below the
h the equipment is designed to operate. Enclostires for electrical equipment shall be 1
g and rigid, and mounted so that the equipment will not be affected by the distortion,
bment of the craft’s structure that occur during normal operation of the small craft.

Natural air-cooling of enclosuresishould be designed with sufficient ventilation
sufficient cooling surface to dissipate the heat so that enclosed equipment will operate
n temperature limits.

Electrical ratings

rical and electronie equipment shall function under the normal voltage and frequend
harmonic distortien” which may occur in the electric propulsion system in normg

incl

ing transient @verloads induced by propulsion system start-up, without damage,

overheating.

The basic limits and associated requirements are that DC systems shall be designed to op
the fpllowing limits:

a)

propulsion
pported DC
or fuse(s)],
the system
e protected

1 to be used.
t up to 35 °C

maximum at
nechanically
vibration or

ppenings or
within their

y variations
| operation,
tripping or

brate within

he_nominal DC voltage tolerance at the battery terminals over which all DC equipment shall

operate is =25 % to +33 %;

b)

terminals;

)

the essential services of the craft shall remain functional to the minimum voltage at the battery

when battery chargers/battery combination are used as DC power systems, adequate measures

should be taken to keep the voltage within the specified limits during charging, quick charging and
discharging of the battery.

The basic limits and associated requirements are that AC systems shall be designed to operate within
the following limits:

a) frequency: +5 %;

b) voltage: +6 %/-10 %;
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armonic distortion: <3 %;
rmonic distortion: <5 %.

frequency drives shall conform to the manufactures design parameters.

4.7 Equipment

4.7.1 Transformers

Transformers used for power, lighting and as static converters, starting transformers, static balancers,

saturable r¢
three-phase

Isolation trg

Transforme
against such

Transforme

4.7.2 Conyverters

Semiconduc|

Converters
operate wit}

NOTE IS
of up to AC 2

4.7.3 Motors

The require
4.8 Encld

4.8.1 Enel
enclosures.

4.8.2 Acce
hand tools
[1SO 10133:2

transformers rated at less than 5 kVA, shall comply with IEC 60092-303.

nsformers for general use shall comply with IEC 61558-2-4.

mechanical damage, condensation and corrosion as may be reasonably‘expected.

s with liquids containing polychlorinated biphenyls (PCBs) shall 1tgb be used.

tor converters shall conform to IEC 60146.

chall be installed according to the component manufacturer’s instructions such that
nin the design specifications.

0 Vand DC outputs of 12V, 24 Vand 32 V.

ments of the [EC 60034 series shall apply.
sures

'gized parts of electrical equipment shall be guarded against accidental contact by the y

ss to enclasures housing energized parts of the electrical system shall require the u
r have & protection of at least IP2X. Further details of appropriate IP ratings are giv|
012, Clatuse 9, of ISO 13297:2014, Clause 12 and IEC 60092-507:2014, 4.7.

4.9 Identificationofequipmentandconductors =00 |

49.1 Alle
a)
b)
‘)
d)
e)

the elec

a certifi

10

lectrical equipment and enclosures shall be marked with the following:

the name of manufacturer;

the model number or designation;

trical rating in volts and amperes or volts and watts;

the phase and frequency, if applicable;

ed safe type, if applicable.

actors and transductors, including single-phase transformers rated at less than 1 kVA

s shall be installed in well-ventilated locations. Their connections shall be protg

, and

pcted

they

D 13297:2014, Clause 15, contains requirements-for inverters and inverter/chargers for AC outputs

se of

se of
en in
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4.9.2 All cables and conductors shall be identified by label (cables, multi-core cables, single core
cables). All conductors greater than DC 50 V shall indicate the correct polarity and be orange in colour or
otherwise identified as exceeding DC 50 V. All conductors for systems operating at a voltage greater than
AC 250 V shall be identified as such.

4.10

Segregation of DC and AC systems

Craft equipped with both DC and AC electrical systems shall have the DC and AC distribution from
either separate distribution boards, or from a common distribution board with a partition to separate
the DC and AC sections from each other.

4.11]

Elect
requ
4.12
Elect

ICOM
prac

4.13

All e
has 1
ISO §

NOTH
4.14

4.14
elect

a) 4
b) |

4.14
haza

Steering and throttle controls

rical/electronic control systems for steering, ahead/astern, and speed or power sh
rements of ISO 25197 (see also Clause 5).

Electromagnetic compatibility (EMC)
rical and electronic equipment shall conform to IEC 60945.

IA Guideline 49-13, recommended practice for EMC of small craft, includes guid
ical testing of EMC in small craft.

Electrical equipment in the vicinity of battery banks

ectrical equipment located in the same vicinitj;as a battery, battery pack or batter
he possibility of emitting flammable gas or.substances shall be ignition protected 4
846 or IEC 60079 series.

All lead-based batteries have the possibility to produce flammable gas.

Hazardous areas

hll meet the

hnce on the

y bank that
iccording to

1 Areas and equipment/that can endanger the safety of the crew (e.g. battery commpartments,

rical assemblies) shall be
iccessible only with-the use of tools or keys and

abelled appropriately to the hazard they present.

2 EncloSures covering electrical connections and storage batteries shall be marked
ds by the use of the symbols in Figure 1, as applicable.

to indicate
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5

5.1 Electrical/electronic controls for electric propulsion systems

5.1.1 Conitrols

Warning: General Warning: Electricity Warning: Risk of fire No open flame; Fire,
open ignition source and
smoking prohibited
[SO 7010-W001 [SO 7010-W012 ISO 7010-W021 [SO 7010-P003

Warning: Battery Warning: Corrosive sub- Read owner’s mangyial
charging stance
ISO 70[L0-W026 [SO 7010-W023 [SO 7010-M002

Figure 1 — Safety signs

Contrgls, monitoring, system alerts and trips alarms

Control systems shall control, and alsotlimit, energy flow to prevent damage between the baftery
and/or powgr sources and propulsion machinery in either direction. This requirement is in additipn to
proper overfgurrent protection of the installation. It shall be noted that the propeller(s) may continjue to
rotate when a small craft is under way caused by inertia of the rotating equipment and /or movemeént of
the craft thijough the water when neutral is selected or an emergency stop or trip or battery disco;lmect

switch is operated. Special-precautions shall be taken in the case of permanently excited prop
motors to pfevent the generation of hazardous system voltages under these circumstances.

Consideratipn shall dlso be given to the effects of fault tripping on critical system components.

Ision

Propulsion fontral(s) shall typically include the following controls and switches for each propulsion

motor/propgller system depending on the system design.

a)

b)
‘)

Electric propulsion On/Off control for each propulsion system (e.g. start/stop propulsion generator,
close/open propulsion battery circuit breaker or contactor, close/open propulsion system circuit
breaker in main electrical system). Consideration shall be given to making the on/off control
capable of being lockable in the “off” position;

Ahead/Neutral/Astern control;

Propeller speed control.

The controls b) and c¢) may be combined into a common control device for each propulsion
motor/propeller system.

NOTE ISO 25197 provides detailed type testing criteria for mechanical, environmental and EMC for such
electrical /electronic steering, shift and throttle systems intended for use in small craft.

12

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=0b0458a93c5ddd3a73b156231e24e9a4

ISO 16315:2016(E)

5.1.2 Emergency stop

An “Emergency stop” pushbutton switch or equivalent device shall be provided for each propulsion
system. The “emergency stop” switch or equivalent device shall “lock-off” when operated and be
capable of being manually reset at the steering/control position only. The emergency stop circuit shall
be hard-wired to immediately power off the associated propulsion system when the “emergency stop”
is operated.

A battery isolation switch can be used as an emergency stop switch provided it meets the requirements
of this section.

5.1. Fault trip reset

A prgpulsion system fault trip reset facility shall be provided which shall be effective wthen the following

condl[tions are satisfied:

a)

b) ahead/Neutral/Astern control is set at Neutral position;

o propulsion system trip is present (first warning alarms are allowable);

c) propeller speed control set at minimum speed;

d) the “emergency stop” (5.1.2) and/or “battery disconnector’-(5.1.3) control is not operaged.

5.1.4 “Getyou home” mode

In cafe of an electric propulsion control failure, a manualemergency control mode or alternfative means
shall|be provided for the craft to be navigated to a position of safety in accordance with SOLAS.

5.2 | Instruments, alerts and trip alarms

5.2.1 General
Instrfjuments, alerts and trip alarms shall be provided, as appropriate, for each electric propulsion system.

Where a separate propulsion control panel is installed which provides for system alerts and trip alarm
a corhmon system alert and fault trip alarm indicator may be provided at the steering/contfol station.

5.2.2 Operating mede‘and status
Operjating mode and-status shall be provided for the following:

a) o¢peratingmode indication for systems using a combination of combustion and electricsystems for
ropulsion;

b) ¢ystem status (e.g. energized/available or system fault);

c) propulsion drive system active (e.g. ahead/astern or generator mode);
d) propeller speed;

e) capacity monitor [e.g. a fuel gauge or battery state-of -charge indicator (0 % to 100 %) remaining]
for the source(s) of stored energy of each system;

f) power meter(s) up to rated power (0 % to 100 % or KW) or DC battery current(s) (A).

Consideration shall be given to extending the range display of these instruments to indicate the safe
maximum power or current allowed under temporary overload conditions.
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5.2.3 System alerts

System alerts shall be provided as appropriate for the main operational or component parts of an
electric propulsion system. For example:

a) high propulsion motor temperature;

b) high battery compartment temperature (for battery sourced electric propulsion systems);
c) low state of charge (for battery source systems);

d) low insulation resistance (IR) (for fully insulated DC systems);

e) single eprth fault (for AC IT systems);

f) loss of qooling.

5.2.4 Fault trip alarms

Fault trip alarms shall be provided as appropriate for the main operation or.component parts pf an

electric propulsion system. For example:

a) propulsfjon motor system overload trip;

b) motor and /or converter high temperature trip;

c) very low IR trip (for fully insulated DC systems);

d) second earth fault trip (for AC IT systems).

6 Protegtion against electric shock

6.1 Protection against direct contact

6.1.1 Live|parts shall be protected against accidental contact by the use of enclosures or be completely
covered by Qasic insulation which can only be removed by destruction. Horizontal top surfaces of barriers

or enclosure

6.1.2 All g
protective c

s which are readily accéssible shall be provided with a degree of protection of at least I

xposed non-current-carrying conductive parts shall be connected to earth either vi
pnductor (AC TNy€, TN-S systems), or to the negative pole of a 2-wire earthed DC syste

P4X.

h the
m, or

to the earthq
system, and

bd conductorfofa DC 3-wire system or by connection direct to a steel hull (DC fully insullated
AC TT, ['T-systems).

6.1.3 EacH ce of

500 Q/V for

| single component of the system shall conform to a minimum insulation resistan
D€ components and 1 000 Q/V for AC components.

6.2 Automatic disconnection of supply to the electric propulsion system under fault-to-
earth conditions (earthed two wire DC systems and earthed neutral AC systems)

For earthed DC 2-wire systems or for AC TN-C, TN-S and TT systems a protective device (fuse, circuit-
breaker) shall automatically disconnect the supply to the electric propulsion system in the event
of a fault between a live part and an exposed non-current-carrying conductive part of the system in
accordance with Table 1. The overcurrent current rating or trip setting shall be determined by the
characteristics of the electric propulsion system, and the fault rating of the protective device shall be
determined by reference to the prospective short current rating from the source together with any
contribution from converters/propulsion motors plus contributions from any other converter when
connected to a common DC or AC energy source.
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The fuse ratings and trip settings of circuit breakers shall be determined in accordance with 7.2 with
maximum disconnection times given in Table 2.

Table 1 — Overcurrent/earth (ground) fault tripping requirements for electric propulsion
systems

— Voltage type |— Requirement

AC — In earthed neutral systems, the protective arrangements for final circuits particularly to
locations in confined or exceptionally damp spaces where particular risk due to conductivi-
ty might exist shall be:

) o ooy ot nearacotiua dayion o0
S a-overeurrentprotecterve-aeviceae

— b) aresidual-current protective device with sensitivity of 30 mA maximumi|for final
circuits to locations where there is an increased risk of personal contactwith lijve conduc-
tive parts.

DC — A protective device (fuse, circuit-breaker) shall automatically discennect th¢ supply to
the circuit or equipment in the event of a fault between a live part@nd an exposdd non-cur-
rent-carrying conductive part.

NOTI 1 Further information can be found in IEC 60898-1, IEC 60947-2, IEC 61008-1[4L.and IEC 61009-1.[5]

NOTE 2 For earthed AC propulsion systems consideration may be given to the use of a 100 mA or 300 m4 rated RCD if
the potential for nuisance tripping of essential navigational/propulsion equipment is considered a hazard, provided that
suitaple measures for protection against direct contact shall be installed.

Table 2 — Maximum disconhection times

Rated voltage (Up)| 50V <Up<s90V 90 V< Uy < 2307 230V <Up<400V Up 400V
AC of DC system AC DC AC DC AC DC AC DC

Breakingtime: TNor| 0,8s 0,5s 0,4s 0,5s 0,2s 0,4s 0,1s 0,1s
IT o TT systems or
DC systems

Bregking time: TT 0,3s 0,2s 0,07 s 0,04 s
system (when con-
nectled to a shore

supply)
Up isfin:

— TN systems: nominal AC r.ni:$\ line voltage to earth;

— Il systems: nominal “AC r.m.s. voltage between line conductor and neutral conductor, as| appropriate;
— D( systems: nominal.DCvoltage to earth.

6.3 | Fault-te-earth monitoring and tripping arrangements for DC fully insulated
systems, DC.3-wire systems

6.3.1 “For fully insulated DC two wire systems or 3-wire systems with the centre wire earthed, insulation
resistance monitoring shall be provided on each pole relative to earth. The system shall provide an alert
on a single pole fault-to-earth current equivalent to a resistance of less than 500 Q/V, and shall trip the
propulsion system on a “second fault” to earth in the opposite pole (which may also to create a current
overload).

6.3.2 A protective device performing the trip function (fuse, circuit-breaker) shall automatically
disconnect the supply to the electric propulsion system in the event of the “second fault”. The “second
fault” trip function may be combined with the system overcurrent trip function in a common circuit
breaker. The “second fault” trip setting shall be determined by the characteristics of the electric
propulsion system, and the fault rating of the earth fault protective device or overcurrent circuit breaker
shall be determined by reference to the maximum prospective fault current rating of the source together
with any contribution from converters/propulsion motors plus any contributions from other converter
when connected to a common DC or AC energy source.

© IS0 2016 - All rights reserved 15


https://standardsiso.com/api/?name=0b0458a93c5ddd3a73b156231e24e9a4

ISO 16315:2016(E)

6.4 Fault-to-earth tripping in AC non-neutral earthed systems (IT-type system)

Fault-to-earth tripping in AC IT-type system shall be arranged as follows:

a)

b)

7

7.1 Genefal
Each propullsion system shall be protected againstioverload by circuit-breaker(s) or fuse(s).

Circuit-brealkers shall be selected in accordance'with IEC 60947 or IEC 60898-1.

For AC IT-type propulsion systems, the phase conductors are insulated from earth and the star
point of the source is either isolated from earth or deliberately connected to earth through a high
impedance. It is permissible for a single fault between a live part and an exposed non-current-
carrying conductive part to occur without automatic disconnection, provided that earth monitoring
or a permanent insulation controller is fitted. A “second fault-to-earth” shall result in automatic
disconnection

The earth-faultmenitoringand-tripping-arrangementsapphed-to-an-AGC-electricpropulsion-system
shall nqt allow a prospective touch voltage exceeding AC 50 V to persist for a time sufficignt to
cause a|risk of harmful physiological effect in a person in contact with an energised exposed|non-

currenticarrying conductive part.

The earnth fault monitoring and tripping function may be combined with an oyérecurrent circuit-
breaker] (which automatically disconnects the supply to the electric propulsien system in the
event of an overcurrent fault which also may occur as a result of a second fault-to-earth). The¢ trip
setting |shall be determined by the characteristics of the electric propulsion system conneftion
conductor. The fault rating of the earth fault protective device or overcurrent circuit breaker|shall
be deteymined by reference to the prospective fault current rating of the source together [with
any con[|tribution from converters/propulsion motors plus contributions from any other convprter
connectfled to a common DC or AC energy source.

Protegtion against over-current

Each fuse of circuit-breaker at the source of a circuit shall be designed to protect the conductor|with

the smallest cross section in the circuitbeing protected.

7.2 Characteristics of protéctive devices

Each protective device for AGor DC propulsion systems shall be selected in such a way that:

a)
b)

c)

d)

e)

its rated current or-current setting (/) is not less than the design current (Ip) of the system;

its rated currentor current setting (I,;) does not exceed the lowest of the current-carrying capagities
(I)of anly of the conductors in the circuit;

the current (I cancing affactiva anaratinon donc nat aveand 1 AC +ivaac tha lavract o1
et 2 eSS E- et ey e- o peaao R a6e5 ot exceea71o0+¢ 5t 16WesSt€

capacity (/) of any of the conductors of the circuit;

arfying

the breaking and making capacity shall be in accordance with at least the maximum prospective
short-circuit or earth-fault current at the point at which the device is installed. However if the
short-circuit breaking or making capacity of the device is less than the maximum prospective
short-circuit or earth fault current, it shall be backed up by a fuse or circuit-breaker in accordance
with [EC 60092-202:1994/ Amd 1:1996, 6.1.3 and 6.2.

the maximum disconnection times shall be in accordance with Table 2.

For adjustable protective devices, the rated current (I,;) shall be the current setting selected.

16
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7.3 Overcurrent devices in the outgoing circuit(s) from a battery

Each battery or battery pack output circuit shall be protected by an over-current protection device
(circuit breaker or fuse) with a fault current rating determined by the maximum short circuit current
that a fully charged battery can deliver at the location at which the circuit breaker or fuse is installed
and a trip setting determined in accordance with 7.2. The over current protection shall be located
as close as practicable and shall be within 1,8 m of the battery output terminals measured along the
conductors.

Where a remote controlled circuit breaker or contactor-fuse arrangement is employed as a means of
isolation (disconnector) in accordance with 8.2, the remote circuit breaker or the fuse of a contactor-

fuse grrangenent ay be used a5 the earts of overtoad protection for tireoutgoing tircuit with a trip

settihg determined in accordance with 7.2.

For ¢ ctive device

shall

ach battery system connected to fully-insulated two-wire systems, over-currentprote
be two pole type.

8 Battery monitoring and installation

8.1 | General arrangements

Isola
oper
(disc

tors (disconnectors) and switches shall not require,fools for their operation gnd manual
hting mechanisms shall be readily accessible from outside the battery pack or enclosufre. Isolators
pnnectors) shall be provided with a means of locking.in‘the OFF position.

Battg¢ries shall be secured against movements and inclinations (pitch and heel) occurring
use gnd shall be protected against falling objects. Batteries as installed in the craft shall b
inclinations of up to 30° without leakage of electrolyte. Means shall be provided in mon
craft{for containment of any spilled electrolyte-up to inclinations of 45°.

during craft
e capable of
bhull sailing

Lead}
conti

acid storage batteries and alkaline'storage batteries shall not be placed in a commopn cabinet or
liner or in close vicinity to each othér-Batteries shall be installed above anticipated bilge water level.

Whe
resis
abov]
300§

e batteries, except for sealed types, are fitted in a machinery space, drip trays of containers
tant to the effects of the-electrolyte shall be provided. Batteries shall not be installed directly
e or below a fuel tank or,ftel filter and any other metallic component of the fuel system within
mm above the batterytop, as installed, shall be electrically insulated.

Batt¢ry terminals and-any exposed conductor terminations shall be protected against direct contact

by p
insp¢
and

or be
total

brsons or tools as detailed in ISO 10133:2012, Clause 5. Care shall be taken when
bction and anaintenance work to prevent bodily contact with exposed live battery
[0 avoid<«ontact of uninsulated tools between battery terminals/exposed conductor
tweenspoles. The connectors on battery packs or the battery bank output connection
voltage of DC 60 V or greater, shall be at least IP 2X when connected or disconnected.

performing
components
s and earth
that have a

Swit

1. | £l 1 d3a3 ] 3 £ aolaoll £ 1o 1 pn | P 4 4
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unless it meets the requirements of ISO 8846 or IEC 60079 series.

8.2

Isolation of battery packs or battery banks

containers

Each battery pack or battery bank shall be capable of being disconnected from the DC system circuits
by a readily accessible manually operated isolation switch (disconnector) immediately adjacent to the
battery compartment. The isolation/disconnector switch shall be located as close to the battery output
terminals as possible and within 1,8 m measured along the conductor.

A remote-control isolator or remote-control circuit breaker may be used as an isolation switch
(disconnector) when fitted with a manual on/off mechanism and is installed in a readily accessible
location immediately adjacent to the battery compartment.
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In fully insulated systems, isolation switches shall be two pole, and in negative earth systems, isolation
switches shall be single pole in the positive conductor circuit. In negative earth systems, a separate

isolation sw

itch may be installed for the engine-cranking motor circuit(s).

The minimum interrupting capacity (Icn) of an isolation switch, or circuit breaker performing this
function, shall be the maximum short circuit current that a fully charged battery can deliver at the
location at which the isolating switch or circuit breaker is installed. The minimum continuous current
rating of an isolation switch or a circuit breaker used as an isolation switch shall be at least equal to the
current carrying capacity of the connecting conductor.

If a remote
remote-cont
disconnect

the remote
breaker and|

For batterie
provided to
switches (di

Battery pac
the use of to

8.3 Oper

Operational
remote-cont
pack or ouf
systems suc
conductors

rating of reinote control contactor/fuse arrangements or remote-control circuit breakers shall b
esign current for the circuit(s) being controlled from the battery pack or battery hank.

maximum d
Operational
circuit curré

8.4 Perm
The followi

controlled isolator (disconnector), or a remote-control contactor with in-line fuse,

W battery pack, then a manually operated isolation switch shall also be provided beby

the battery pack terminal(s) or output connection to battery bank(s).

5 with terminals not protected against direct contact, it shall be arranged. for facilities
break battery packs down into groups of less than DC 60 V (nominal) by-off-load isol
sconnectors), the main isolating switch having been previously operated to “off”.

ks in excess of 60 V DC shall be of the touch safe type or shall have'protection that req
ols for removal of covers to protect against accidental contaget.

htional switching of battery pack(s) or battery bank(s)

switching (on/off) may be controlled by remote-control contactor/fuse arrangemen
rol circuit breakers which shall be installed inxthe positive conductor from each ba
put connection to battery banks, for negative earth systems, and for fully insu
h operational switching devices shall be double pole installed in both positive and neg
from each battery pack or output connection to battery bank(s). The continuous cu

switching devices shall have ag"a’minimum interrupting capacity (Icn) the design
nt at the location at which they are installed.

anently energized circuits

ng systems may be‘eonnected between the isolation switch or remote-control d

or a
ally
veen

control isolator, remote-control contactor/fuse arrangement or remote-conttol circuit

to be
htion

lires

ts or
Ltery
lated
ative
rrent
e the

hort

bvice

performing pn isolation switchfinction and the battery pack or battery bank terminal(s):

a) electronic devices with'protected memory and protective devices such as bilge-pumps and algrms,
which shall be individually protected by a circuit-breaker or fuse as close as practical to the baftery
termingl(s);

b) ventilation exhaust blower of engine/fuel-tank compartment which shall be protected by a fuse(s)
or circulit-breaker as close as practical to the battery terminal(s); |

c) charging devices intended to be used when the craft is unattended (for example, solar panels, wind
generators) which shall be individually protected by a fuse(s) or circuit breaker as close as practical
to the battery terminal(s);

d) for an electric propulsion system battery pack or battery bank, a circuit maintaining a remote-
control switch coil or remote-control contactor coil via a control switch at the steering/control
position shall be individually protected by a fuse or circuit breaker as close as practical to the battery
terminal(s) on a battery pack or as close to the battery terminal output point on a battery bank.
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8.5 Ventilation

Battery compartments shall be ventilated according to battery manufacturer’s recommendations
relative to the following requirements:

a) location in which lead-acid or alkaline batteries are placed shall be ventilated to free air so
that hydrogen cannot accumulate, or where batteries are installed in a closed compartment or
container(s) reserved for batteries, a vent system or other means shall be provided to permit
the discharge to the open air from the battery compartment or container those explosive gasses
released by battery during charge to the open air;

b) theairinlettobatte ompartme or-containe all be-belo he-levelofthe-battery, and the
putlet shall be at the highest point of the compartment or container and shall lead difectly to the
¢pen air with bends of no more than 45°;

c) natural ventilation is impractical or insufficient, mechanical ventilatiorbshall He provided.

here mechanical ventilation is employed, charging system(s) shall be intérlocked so fas to switch
off if the ventilation fails. An alert shall be provided at the helm position‘if mechanical ventilation
failure occurs;

d) ¢able entries to battery compartments shall be gastight.

8.6 | Electrical apparatus for explosive gas atmosphere€s

It shall be noted that propulsion battery pack(s) or battery:bank(s) may be placed low inf a craft hull

becapise of their effect on the stability of the craft. In the‘€vent of a fault with LPG systemfs or leakage

of other inflammable gas or vapour which may accumulate in the lower portions of the hyll of a craft

particular precautions shall be taken to prevent the“operation of a battery isolation swi

oper

Fors
whe
petr

comy
regu

htional switching device being a source of igfition.

Lich electrical equipment which is intendéd for use in explosive gas atmospheres or whic
e flammable gases, vapours or explosive dusts are liable to accumulate, such as in space
l-powered machinery, petrol fueltank(s), or joint fitting(s) or other connections
onents of a petrol system, and in‘eempartments or lockers containing LPG cylinders and
ators, shall conform to ISO 8846, ISO 10239, ISO 11105 and ISO 9094 or IEC 60079 serie

tch or other

h is installed
s containing
(s) between
or pressure
S.

9 [Electrical installation

9.1 | General

Conductors for DEand AC propulsion systems and other electrical distribution systems copnected to a
cominon soufce shall be selected in accordance with IEC 60092-352.

Propjulsion system conductors shall be installed in conduit or ducts, on dedicated conductor trays, or by
clamps-or other methods direct to surfaces in accordance with IEC 60092-352. See also ISP 10133 and

ISO 13297.

Except where designed for this purpose, the component parts/equipment, motors and conductors
comprising an electric propulsion system shall be installed above the maximum possible bilge water
level taking into account the craft’s conditions of heel and trim. Dedicated inverter/controller power
circuits between the inverter/controller and motor shall be designed and installed to minimize
conducted or radiated electromagnetic emissions.

9.2 Segregation of electrical propulsion system cables

Electrical circuits for the propulsion system shall be physically separated from the remainder of the
craft’s electric systems by being

a)

installed in a physically separate conduit or cable trunking or
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