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Foreword

ISO (the Inte[mationat—Organization for Standardization) 15 a wortawide
federation of national standards bodies (ISO member bodies). The work of
preparing Intgrnational Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which
a technical ¢ommittee has been established has the right to be
represented oh that committee. International organizations, governmental
and non-governmental, in liaison with ISO, also take part in the work. I1ISO
collaborates dosely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requfres approval by at least 75 % of the member bodies casting
a vote.

International Jtandard ISO 10133 was prepared by Technical Committee
ISO/TC 188, Small craft.

Annex A forms|an integral part of this International Standard. Annexes B and C
are for information only.
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ISO 10133:1994(E)

Small craft — Electrical systems — Extra-low-voltage d.c.

installations

1 ScoIJe

This Intgrnational Standard establishes the require-
ments f¢r the design, construction and installation of
avira_lawvl vunAltana Airant ~rirrant (A~ alantriaal ave
CALlLIaTivuv ’VUILCIBU uicutL Luiiciit \u.u.) cicoulllivai DYD'

tems which operate at nominal potentials of 50 V d.c.
or less oh small craft of up to 24 m length of hull.

2 Normative references

The follpwing standards contain provisions which,
through feference in this text, constitute provisions of
this Intefnational Standard. At the time of publication,
the editions indicated were valid. All standards are
subject fo revision, and parties to agreements based
on this International Standard are encouraged to_in=
vestigatd the possibility of applying the most recent
editions |of the standards indicated below. Members
of IEC and ISO maintain registers of currently valid
Internatipnal Standards

ISO 8844:1990, Small craft — Electrical devices —
Protectign against ignition of surfounding flammable
gases.

ISO 10239:—"), Small craft-— Liquefied petroleum
gas (LPQ) systems.

IEC 529:]1989, Degrees of protection provided by
enclosures (IP Gode).

3.2 engine negative terminal: Te
engine to which the negative, battery
nected.

minal on the
cable is con-

3.3 craft's ground: Ground which is eptablished by a
conducting connection (intended or agcidental) with
the common ground (potential of the earth's surface),
including any,conductive part of the weltted surface of

the hull.

3.4 ignition-protected equipment: Fquipment de-

signed and constructed in accordance W

3.5 overcurrent protection device: D
a fuse or circuit-breaker, designed ta
circuit when the current flow exceeq
mined value.

3.6 panel-board: Assembly of de
purposes of controlling and/or distributi
craft, such as circuit-breakers, fuses, sy
ments and indicators.

3.7 sheath: Continuous protective coy
overlapping electrical tape, moulded ru
plastics, or flexible tubing, around
insulated conductors.

ith ISO 8846.

evice, such as
interrupt the
is a predeter-

ices for the
ng power on a
vitches, instru-

ering, such as
bber, moulded
one or more

3.8 trip-free circuit-breaker: Thermg

| and/or mag-

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 d.c. equipotential bonding conductor: Nor-
mally non-current-carrying conductor used to connect
metallic non-current-carrying parts of direct current
electrical devices.

1) To be published.

netically operated overcurrent protection device, de-
signed so that the resetting means cannot be

manually held in place to override
interrupting mechanism.

the current-

3.9 accessible: Capable of being reached for inspec-
tion, removal or maintenance without removal of per-

manent structure of the craft.
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3.10 readily accessible: Capable of being reached
quickly and safely for effective use without the use of
tools.

3.11 conduit: Part of a closed wiring system for
protection of conductors or cables in electrical instal-
lations, allowing them to be drawn in and/or replaced,

but not inserted laterally.

3.12 cable trunking: Enclosure manufactured for

© 1SO

5.4 Batteries shall be installed, designed or protected
so that metallic objects cannot come in unintentional
contact with any positive battery terminal.

5.5 Batteries, as installed, shall be protected against
mechanical damage by their location or enclosure.

5.6 Batteries shall not be installed directly above or
below a fuel tank or fuel filter.

the protection
rectangular cr
removable or h

3.13 system
the direct curr
battery or a gro

Uf bUIIdU\JtUIO \wJ ) \;Qb:co, IIUImG”Y‘ Uf
bss-section, of which one side is
nged.

voltage: Nominal voltage supplied to
ent distribution panel-board from the
Lp of batteries connected together.

4 General

4.1 The syste
wire system
ground. The

equirements

type shall be either an insulated two-
r a two-wire system with negative
ull shall not be used as a current-

carrying condugtor. Engine-mounted wiring systems

may use the e

42 Adc. eq
connected to
current corrosid

4.3 If earthing
the engine neg

ine block as the grounded conductor.

ipotential bonding conductor shall be
the boat's ground to minimize stray
n.

(grounding) of the system is required;
htive terminal shall be grounded.

4.4 Switches |and controls shall be (marked to
indicate their uge, unless the purpose of the switch is
obvious and ifl operation of the switch could not,
under normal operating conditions, ‘eause a hazardous
condition.

5 Batteries|

5.1 Batteries phallk be installed in a dry, ventilated
location above bilge water level.

5. 7—Any—metattic—comporent—of—the—fuety system
within 300 mm and above the battery top,as*ipstalled,
shall be insulated with dielectric material

5.8 Battery cable terminals shdlly-not degdend on
spring tension for mechanicak ‘connection|to the
battery terminals.

6 Battery-disconnect switch

6.1 A battery-disconnect switch shall be insfalled in
the positive conductor from the battery or group of
batteries connected to supply system voltage in a
readily accessible location as close as practical to the
batterylies).

Thetfollowing constitute exceptions:

a) outboard-powered craft with engine starfing and
navigation lighting circuits only;

b) bilge pumps and alarms if separately fusef at the
source of power;

c) engine/fuel tank compartment ventilation [exhaust
blower if separately fused at the source of power.

6.2 Battery-disconnect switches shall be capable of
carrying the maximum current of the system ihcluding
the intermittent load of the starter motor circult.

6.3 Remote controlled battery-disconnect syvitches,
if used, shall also permit safe manual operatidn at the

oaastoh
GVVILOUTT.

5.2 Batteries shall be installed in a manner to restrict
their movement horizontally and vertically considering
the intended use of the craft, including trailering if
applicable. A battery, as installed, shall not move more
than 10 mm in any direction when exposed to a force
corresponding to twice the battery weight.

5.3 Batteries as installed in the craft shall be capable
of inclinations of up to 45° without leakage of electro-
lyte. Means shall be provided for containment of any
spilled electrolyte, with the battery in its normal
operating position.

7 Conductors

7.1 Electrical distribution shall use insulated stranded
copper conductors. Conductor insulation shall be of
fire-retardant material, e.g. not supporting combustion
in the absence of flame.

7.2 Single conductors not sheathed shall be sup-
ported at maximum intervals of 250 mm unless run in
conduits or trunking, or supported by trays.
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7.3 Sheathed conductors and battery conductors
shall be supported at maximum intervals of 450 mm
with the first support not more than 1 m from the
terminal.

Starter motor conductors constitute an exception to
this requirement.

7.4 Conductors shall be protected against damage
by chafing or exposure to heat sources capable of
damaging the insulation

ISO 10133:1994(E)

The main power feed circuit from the battery to an
engine-cranking motor, if sheathed or supported to
protect against abrasion and contact with conductive
surfaces, is an exception to this requirement.

NOTE 1 If the fuse or circuit-breaker at the source of the
supply conductor is sized to protect the smallest conductor
in the circuit, only the fuse or circuit-breaker at the source
is required.

8.2 If it is impractical to place the fuse or circuit-

7.5 Conmductors shall be sized as a minimum in
accordamce with table A.1 based on the load to be
supplied and allowable voltage drop for the load to be
carried. [Conductors in voltage-critical circuits, such as
starter motor circuits, navigation light and ventilation
blower ¢ircuits, whose output may vary with system
voltage, [shall be sized in compliance with the com-
ponent manufacturer's requirements.

7.6 Eadh conductor longer than 200 mm installed
separatdly shall have at least 1 mm?Z area. Each con-
ductor im a multi-conductor sheath shall have at least
0,75 mmp2 area and may extend out of the sheath a
distancel not to exceed 800 mm.

7.7 Both a.c. and d.c. conductors or multiconductors
shall bel separately sheathed, in conduits or cable
trunking| or bundled or otherwise kept separated*froam
each other.

7.8 Eagh electrical conductor that is* part of the
electrical system shall have a means\to identify its
function|in the system, except for. conductors integral
with engines as supplied by their'manufacturers.

7.8.1 Al d.c. equipotentialzbonding conductors shall
be ident}fied by green with”yellow stripe insulation, or
may be |uninsulated. Ceriductors with green or green
with yellow stripe \insulation shall not be used for
current-¢arrying conductors.

7.8.2 Alld.c’ negative conductors shall be identified

by black metdatinn BRlanlk incidatinn chall nat ha ticad
Houa ook S tta oot THot+oe—uSea

breaker within 200 mm of the source of power, the

conductor may instead be containéd
closure such as a junction box, centro
panel-board or within the conduit.or cak

8.3 The voltage rating of'each fuse o
shall not be less than the’nominal circ|
current rating shall™not exceed the
smallest size condu€tor in the circuit.

within an en-
box, enclosed
le trunking.

circuit-breaker
it voltage; the
value for the

8.4 Output circuits of self-limiting gemerators do not

require fuses or circuit-breakers.

9/ Panel-boards

9.1 The front side of panel-boards,
and breaker-operating face, shall be red
and the rear side, i.e. the terminal 3
side, accessible.

9.2 The front side of panel-boards|
components shall meet the following
which are in conformity with IEC 529:

— min. IP 56 if exposed to short-term
— min. IP 44 if exposed to splashing
— min. IP 20 if located in protected

the craft.

9.3 Craft equipped with both direct c
alternating current (a.c.) electrical syst

.e. the switch
dily accessible,
nd connection

and of their

requirements,
immersion;
vater;

ocations inside

rrent (d.c.) and
ems shall have

their distribution from either separate

anel-boards or

for d.c. positive conductors.

7.8.3 Means of identification other than colour may
be used providing a wiring diagram of the system
indicating the method of identification is supplied with
the craft.

8 Overcurrent protection

8.1 A manually reset trip-free circuit-breaker or a
fuse shall be installed within 200 mm of the source of
power for each circuit or conductor.

a common one with a partition or other positive
means provided to separate clearly the a.c. and d.c.
sections from each other. Wiring diagrams to identify
circuits, components and conductors shall be
included.

10 Wiring connections and terminals

10.1 Conductor connections shall be in locations
protected from the weather or in min. IP 44/IEC 529
enclosures. Connections above deck exposed to inter-
mittent immersion shall be in min. IP 56/IEC 529
enclosures.
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10.2 Metals used for terminal studs, nuts and
washers shall be corrosion-resistant and galvanically
compatible with the conductor and terminal. Alu-
minium and unplated steel shall not be used for studs,
nuts or washers in electrical circuits.

10.3 Terminals shall be of the ring or captive spade
type, not dependent on screw or nut tightness alone

for retention on the stud or screw.

An exception is friction type connectors which may be

used in circuits

not mmpading 20 A_if the connection

© ISO

11.3 Receptacles installed in areas subject to
flooding or momentary submersion shall be protected
to min. IP 56/IEC 529, including when in use with
connecting plugs.

12 Ignition protection

12.1 Electrical components installed in compart-

does not separdte when subjected to a force of 20 N.

10.4 Twist-on
used.

connectors (wire nuts) shall not be

10.5 Exposed phanks of terminals shall be protected
against accidental shorting by the use of insulation

barriers or slee
system.

es, except for those in the grounding

11 Receptagles

11.1 Receptacles and matching plugs used on d.c.
systems shall npt be interchangeable with those used

on a.c. systems

11.2 Receptac
rain, spray or s
IEC 529 when

on the craft.

es installed in locations subject to
lash shall be protected to min. IP 44/
hot in use, e.g. protected by a cover

with an effectivgé weatherproof seal.

ments which may contain explosive gases..$hall be
ignition-protected in accordance with ISQ-8844.
Compartments which may contain‘explosive gases

are those containing or which have Open conrections
with compartments containing,such items as

a) spark-ignition engines or.their fuel tanks;

b) joints or fittings if)‘fuel lines connecting
ignition engines\wvith their fuel tanks.

spark-

Open compartments having 0,34 m2 of open grea per
cubic metre of compartment volume exposed to the
open atmosphere outside the craft constifute an
exception to this requirement.

12.2 Craft with LPG systems shall have ignition-pro-
tected electrical components installed in accrdance
with ISO 10239.
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Annex A
(normative)

Conductor requirements

A.1 Table A1 gives allowable continuous current
ratings in amperes determined for 30 °C ambient tem-

ISO 10133:1994(E)

A.2 Forinformation, the voltage drop E at load, in
volts, may be calculated by the following formula:

perature.

For cong

uctors in engine rooms (60 °C ambient), the

maximum current rating in table A.1 shall be derated

by the fag¢tors below:

Température rating of
ctor insulation:

condu

°C
70
85 to 90
105
125
200

Multiply maximum current

from table A.1 by:

0,75

0,82

0,86

0,89
1

00164 xIxL
B S

E

where

S is the conductoreross-sectional ard

millimetres;

I is the Iead current, in amperes;

L is.the length, in metres, of conduct
positive power source to the electr
and back to the negative source co

a, in square

br from the
cal device
nnection.

Table A.1 — Conductor cross-sectional area; allowable continuous current and stranding
Cross- . . . .
sectional Maximum clfrrent, in amperes, for smqle conductors Minimum number of
area at insulation temperature ratings strands
mm?2 60 °C 70°C 852C t0 90 °C 105 °C 125 °C 200 °C Type 1% Type 2%
0,75 8 10 12 16 20 25 16 —

1 12 14 18 20 25 35 16 —
1,5 16 18 21 25 30 40 19 26
2,5 20 25 30 35 40 45 19 41

4 30 35 40 45 50 55 19 65

6 40 45 50 60 70 75 19 105
10 60 65 70 90 100 120 19 168
16 80 90 100 130 150 170 37 266
25 110 120 140 170 185 200 49 420
35 140 160 185 210 225 240 127 665
50 180 210 230 270 300 325 127 1064
70 220 265 285 330 360 375 127 1323
95 260 310 330 390 410 430 259 1 666
120 300 360 400 450 480 520 418 2107
150 350 380 430 475 520 560 418 2107

*) Conductors with at least type 1 stranding shall be used for general craft wiring. Conductors with type 2 stranding shall be
used for any wiring where frequent flexing is involved in use.
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Annex B
(informative)
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Information and instructions to be included with owner's manual

B.1 The following information should be included

with the owne

a) complete
circuits of

r's manual:

c) disconnect and remove the battery when
is in winter storage (cold weather areas)
term storage;

the craft
or long-

Inng diagram identitying the electrical
he craft with the locations of electrical

devices in the craft and identification of conductors

by colour o
b) location an
controls, d
breakers in

c) explanation

other means;

I description of functions of electrical
als, switches, fuses and also circuit-
stalled on the panel-board;

or description of symbols used for the

d.c. electridgal installation.

B.2 The follpwing advisory instructions should be

provided for thie owner.

B.2.1 Always

a) check batfery and charging system condition
before going to sea;

b) check engine compartment for fumes and sun

engine cor
time before

hpartment blower for the designated
starting the engine;

d) check the function of navigation lights)béefore em-

barking on night passages and carry/yrepl
bulbs for all navigation lights.

B.2.2 Never

pcement

a) work on the electricalinstallation while thg system

is energized,;

b) modify the glectrical installation and the
drawings, €xcept by a qualified marine
technician;

c) alter“or modify the rated current amp
overcurrent protective devices;

d) install and replace electrical appliances of
with components exceeding the rated
amperage of the circuit;

e) leave the craft unattended with the elect

relevant
blectrical

brage  of

devices
current

fical sys-

tem energized, except automatic bilge pdmp, fire

protection and alarm circuits.
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Annex C
(informative)

Bibliography

This International Standard is intended to provide
protection against explosion and fires. It is important
to realize that this Standard by itself is not intended to

the maximum achievable overload up to 400 % of the
rated current (circuit-breakers, switches and the like)
and a stalled rotor condition for any motor with the

achieve this purpose. The manufacturer also needs to
comply with additional Standards related to protection
against the same possible hazards. These additional
Standard$ are listed below, with a brief description of

circuit protected in an overcurrent protective device
specified by the product manufactutet.

their con
requirem
actual

Internatio

tents. For complete understanding of the
bnts, the manufacturer needs to refer to the
btandard.  Compliance  with all  these
nal Standards will ensure a high level of

safety in|all craft, particularly in those using petrol or
LPG.

[1] ISO 10088:1992, Small craft — Permanently
installed fuel systems and fixed fuel tanks

Individuall fuel tanks, 100 % pressure-tested
Non-metgllic fuel tanks, fire-tested

Fire-resisfant flexible fuel hoses

Fire test for non-metallic fuel system components
Corrosionf-resistant fuel tank materials

Galvanically compatible metallic parts

Anti-siph¢n protection requirements

Double clamping of fuel fill hoses

Electrically ground major metallic parts

100 % pressure test of entire fuel'system

[2] ISO 8B46:1990, Small craft — Electrical devices —
Protectioh against ignitign) of surrounding flammable
gases.

All compagnents inpétrol engines, petrol and LPG tank
compartments\to be ignition-protected to prevent

open spa

'ks.. Fhis applies to the entire engine, as well

as all ele

[3] 1SO 7840:—"), Small crafto>— Fire
hoses

Only fire-resistant fuel)hoses may be

engine and petrol fael tank compartme
hose to be used«béetween the engine 4
mounted metallic line to eliminate vil
The hose™to withstand fire, press
collapse{ ozone and other environmer
minimakfuel permeation.

[411SO 9097:1991, Small craft — Electr

[5] ISO 8849:1990, Small craft — Electr]
bilge-pumps.

All components, if installed in a petrol en

resistant fuel

ised in petrol
nts. A flexible
nd any solidly
ration failure.
ure, vacuum
ts, and have

¢ fans

cally operated

gine, petrol or

LPG tank compartment to be ignition-pfotected, have

all  wiring insulated, be suitable
environment, and not create a hazard w
is overloaded or stalled.

[6] 1SO 10239:—2), Small craft — Liquef
gas (LPG) systems

System to withstand temperature extrer

Appliances approved and installed only
compartments, tanks and pressure
lockers identified and vented with overb

Meet specifications for fuel lines and thd

for marine
hen the motor

ied petroleum

nes

in ventilated
regulators in
bard drains

ir supports

btrical contacts commutators, hrushes ool
7 HRLHGEO+ DrUSRes- +

lector rings, switches, relays, generators, fuses, dis-

tributors,

engine-cranking motors, propulsion trim

motors, etc.

Appiance wett—secured—with—flame
control device for each appliance

Warning labels on appliances
Pressure test on installed system

failure shutoff

The Standard further requires components to with-
stand any operating conditions of the device, including

1) To be published. (Revision of ISO 7840:1985)

2) To be published.

Any electrical device in lockers, designated for LPG
storage, ignition-protected
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