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Foreword

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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the 'subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 25197 was prepared by Technical Committee ISO/TC 188, Small crafft.
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INTERNATIONAL STANDARD 1ISO 25197:2012(E)

Small craft — Electrical/electronic control systems for steering,
shift and throttle

1 Scope

This International Standard establishes the requirements for design, construction and testing of
; i i ; i iti e inafions thereof,

eleCt C ele on eering a aTaliialda ~¥~Tala WalViat-TaalTal aYal~ oh-cohtirol-svsiem

on small craft of up to 24 m length of hull.
ormative references

The following referenced documents are indispensable for the application of,‘this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition'of the referenced document
(including any amendments) applies.

ISO 8846, Small craft — Electrical devices — Protection against ignition of surrounding flammable gases.
ISO 1848, Small craft — Remote steering systems

ISO 10133, Small craft — Electrical systems — Extra-low-voltage d.c. installations
ISO 10240, Small craft — Owner’s manual

ISO 10592, Small craft — Hydraulic steering systems

ISO 11591, Small craft, engine-driven — Field of.vision from helm position

ISO 12215-8, Small craft — Hull constructionand scantlings — Part 8: Rudders

ISO 13297, Small craft — Electrical systems — Alternating current installations

ISO 16750-2:2010, Road vehietes"— Environmental conditions and testing for electrical apd electronic
equinment — Part 2: Electrical loads

ISO 16750-3:2007, Road-~vehicles — Environmental conditions and testing for electrical apd electronic
equipment — Part 3: Mechanical loads

ISO 16750-4, Roadvehicles — Environmental conditions and testing for electrical and electronic ¢quipment —
Part #: Climatie-lgads

IEC 60068227, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC §0068-2-52, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic (sodium chigride solution)

IEC 60092-507, Electrical installations in ships — Part 507: Small vessels
IEC 60533:1999, Electrical and electronic installations in ships — Electromagnetic compatibility

IEC 60945:2002, Maritime navigation and radiocommunication equipment and systems — General
requirements — Methods of testing and required test results

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techniques —
Surge immunity test

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic safety-related systems

© 1S0O 2012 — All rights reserved 1
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3 Terms and definitions

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

341

electric/electronic steering system
all components, including CPU (central processing unit) and cable harnesses, from the manual steering input
device up to and including the device (actuator or electrical motor) regulating the rudder or propulsion unit

steering ang|

NOTE to entry:

3.2

e

dynamic-positioning system

computer-co
systems with

3.3
electricallel

ntrolled system to automatically maintain a craft’s position and heading by using herown propy
or without the assistance of bow or stern thrusters

pctronic shift and throttle system

all components, including CPU (central processing unit) and cable harnesses, frém'the shift and throttle

device up to

3.4

electrical eq

and including the device controlling the shift and speed of engines.

ipment designed and tested for use in explosive atmeéspheres without igniting surrou

ignition-pr?ected equipment

flammable g

3.5
accessible

Ses

capable of bejng reached for inspection, removal or maintenance without removal of permanent structure of thq

3.6
readily acce
capable of b{

3.7
nominal vol
those comm

3.8

ssible
ping reached without the use of tools

fage(s)
bnly used voltages, such as 12 volts, 24 volts, or 36 volts DC

manoeuvring mode

reduced pow

3.9

er mode forrmanoeuvring, determined by the manufacturer

cruising mode

Ision

input

nding

craft

power mode

above manoeuvring mode up to full power, determined by the manufacturer

310
X axis

direction of a craft fore or aft, longitudinally

3.1
Y axis

direction of a craft port or starboard, transversely

312
Z axis

axis normal to the X-Y plane

© 1SO 2012 — All rights reserved
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313
control head
single oriented device, other than a steering wheel, for the simultaneous control of steering and propulsion

EXAMPLES Joystick, track-ball or slide levers.

314
control lever
operator input device for the control of thrust and/or propulsion

315

steering helm
operator input device for the control of steering

3.16
joystlick
operator input device for the simultaneous control of thrust, steering and propulsion

347
helm station
locatjon from which steering, propulsion and thrust can be controlled

3.18
mult|{ple helm stations
more|than one location in the boat from which steering, propulsion and thrust can be controlled

3.19
command station
helm|station location that is in active control

3.20
portable helm
helm|providing a combination of shift or throttlé or steering, not permanently affixed to the craft’s structure,
comrpunicating with the system through wired or wireless means

3.21
propplsion
component or components of thrust that permit a craft’'s movement in any direction

NOTE to entry:  Examples-of_propulsion-generating devices include outboards, stern drives, pod drives, jet drives,
inboards and thrusters.

3.22
radiq frequency;
RF
frequency within the range of frequencies suitable for utilization in radio communication

3.23
actuator

electromechanical, electropneumatic and/or electrohydraulic device that converts an electrical signal into a
mechanical displacement

3.24

thrust

propulsive force from craft’s main propulsion system or bow or stern thrusters or a combination thereof in order
to move or rotate the craft

3.25

wireless

mode of communication, monitoring and/or control through the use of electromagnetic, acoustic or optical
transmission through atmospheric space

© 1S0O 2012 — All rights reserved 3
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3.26
damp area

area where moisture is either permanently or intermittently present

EXAMPLE

3.27
wet area

Bilge, head, galley.

area exposed to weather

3.28
interior

protected ard

3.29
EUT
equipment u

3.30
performanc
standard by

3.31

a inside the craft

nder test

e criterion
which the functional status of an EUT during and after testing is judged

failure mod¢s and effects analysis

FMEA
procedure in

3.32

fail-safe moti

device or feq
to other devi

4 Geners

41 Al ele
power leads.

42 Allele

4.3 DC sy
alternative tqg

4.4 The sy

product development and operations development for analysis of potential failure modes

e
ure which, in the event of failure, responds in agvay that will cause no harm, or minimize the
ces and cause no danger, or minimize the danger, to personnel

| requirements

Ctronic/electrical components shall be designed to withstand a reversed-polarity connection

Ctronic/electrical components shall be designed with reverse polarity protection from internal sy

stems shall comply with 1ISO 10133. AC systems shall comply with ISO 13297. An acceq
ISO 10133tand ISO 13297 is given in IEC 60092-507.

stemsshall be energized whenever the propulsion engine(s) are running.

4.5 The s\

harm,

bf the

This shall not render the comipohent inoperable when subsequently connected to the power corfectly.

rges.

table

otmim aAvennt far Avinams

3\
StCT T CACTCpTTO——CyarT

after being turned on (powered).

4.6

Multi-installed engine steering systems shall be redundant by virtue of the fact that they are both

mechanically and electrically independent of each other. A single device is allowed for control of multiple

engines (e.g.

4.7

steering wheel, joystick).

and meet the applicable requirements of ISO 11591, with the location included in the owner’s manual.

4.8
fail-safe mod

e.

Each helm station shall give a visual indication when active. A main steering position shall be designated

Each helm station shall, by visible and/or audible means, alert the operator when the system enters the

© 1SO 2012 — All rights reserved
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The sound pressure of an audible alarm 1 metre from the command station shall be at least

75 dB(A), but

not greater than 85 dB(A). Systems incorporating a mute feature shall maintain the visual alert as long as the
failure persists.

If an audible-only alert system is utilized: muting of the alarm is not allowed.

410
manufacturer.

Instructions for proper installation and use of the steering system shall be made ava

ilable by the

4.11 Operational characteristics, instructions and warnings for proper use shall be described in the owner’s
man

412
start

NOTH

413

414

415

4.16

ignit

iq

417

EXAN

Risk

418

thec

5.1

5.2
grip.

q

al and/or by on-product labelling

With the exception of an optional temporary override for emergency situations, it shall©only
bropulsion equipment in neutral.

This includes any equipment that drives the propeller or water-jet drive.
The steering, shift and throttle actuators shall react/adjustinput on a physicalinput command withir
Steering wheels shall comply with the requirements of ISO 8848.
Hydraulic systems shall comply with the requirements of ISQ 10592.

Electrical components intended to be installed in pgtrol engine or petrol tank compartm
pn-protected in accordance with ISO 8846.

A risk identification/analysis, using an established method, shall be carried out for each sys
IPLES Failure modes and effects analysis\(FMEA), fault-tree analysis (FTA).

dentification and functional safetymay be carried out as given in the relevant part of IEC 61

Systems that provide both cruising- and manoeuvring modes shall provide an indication to th
bmmand station of which mode the system is in, and shall not change modes without input from

Control head

Control head{operation is permitted for both cruising-mode and manoeuvring-mode operati

See\Figure 1.

e possible to

0,5 seconds.

ents shall be

tem design.

508.

e operator at
the operator.

pn.

The control head position shall return to the neutral X, Y and Z axis when the operator rel¢ases his/her

© 1SO 2012 — All rights reserved
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®

:
28 g

il

/A

<

Y z
Key
1 port
2 aft

Figure 1 — X, Y and Z commands

5.3  For operation in the cruising mode, the control head engine thrattle' control need not return to a low|RPM
or a manufagturer-determined idle state when released.

5.4 Releasing the control head in the manoeuvring mode totneutral position shall result in:
— adisengaged transmission or water-jet bucket in the neutral position;
and

— a manufacturer-determined idle state or eleetric motors in the stopped state.
5.5 The crpft shall move in the same_direction as the control head is oriented relative to the craft.
5.6 Portable helms shall clearlyindicate their orientation relative to the craft.

5.7 Ifthe control head ineludes a rotation function, the control head activation, clockwise or counter-clockwise,
shall result ir] rotating the-craft in the same direction.

6 Command station transfer

Transfer of commmand-fromronestatiomtoanothershattbecompletedat the hetmrstatiomintendedto be=active.

7 Portable helm station controls
7.1 Portable helm station controls shall be restricted to permit use only when the manoeuvring mode is selected.

7.2 Loss of communication or malfunction of the portable helm station control shall result in disengaged
transmission and idling thermal engine(s) and stopping electric engine(s). The operator shall be notified of the
loss of communications and the system shall not prevent transfer to another helm station.

7.3 Awarning label on the portable helm or where the device is stored or charged prior to use shall be provided
to advise the operator of the following warnings through the use of text or applicable ISO graphical symbols:

6 © 1S0 2012 — All rights reserved
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— keep proper lookout;
— hold on to prevent falling, boat may move suddenly;

— read owner’s manual for safe use of the system.

7.4 For a wireless device, the signal strength shall be displayed at the portable control or an audible warning
signal shall alert the operator that the signal is weak and he/she is about to lose control.

7.5 Awireless device shall only be able to control the boat of origin.

7.6 | A wireless portable helm control shall have an indication of its electrical-charge status. Thg device shall
prevent activation when the charge is insufficient to maintain a connection for 15 minutes withopt loss of the
wirelgss communication link.

7.7 | Awireless portable helm control shall notify the operator when the device is 15.minutes fronj deactivation
due tp insufficient charge.

7.8 | Awireless portable helm control shall meet the requirements of applicable radio and telecommunications
legislpation.

8 Dynamic-positioning system (DPS)
8.1 | It shall only be possible to activate DPS systems manually.
8.2 | DPS systems shall have a display at the craft @ain helm station for the visual DPS precisioh value.

8.3 | The following warnings shall be conveyedto the operator upon activation of the DPS through the use of
applitable 1ISO graphical symbols or the fellowing text:

— Iboat is considered under way;
— Kkeep proper lookout;

— gtay out of water, propgllers are spinning;

— ]old on to preventfalling, boat may move suddenly;

ead owner’s fmanual for safe use of the system.

8.4 | Activation shall only be possible if the DPS precision value is within the manufacturer-set limits.

8.5 | If_the dynamic-positioning (autonomous) mode is activated and the DPS precision value is out of
the manufacturer-set limits at any time, the control system shall alert the operator visually and audibly of
disengagement of the DPS.

8.6 Maximum allowable envelope/radius and heading deviation shall be manufacturer-set, not adjustable by
the operator.

8.7 Maximum engine speed for dynamic positioning shall be manufacturer-set, not adjustable by the operator.

8.8 Helm stations not equipped with a display screen shall be labelled with the same warnings as in 8.3.

© 1S0O 2012 — All rights reserved 7
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9 Failure

9.1

9.1.1
and

alert the

modes and responses

Loss of operation

not prevent transfer to, or operation from, other helm stations;

operator visually and/or audibly that the failed command station is not working.

In the event of a command station malfunction in a multiple helm station system, the system shall:

9.1.2
shall still be

9.1.3 Inth
station shall

NOTE Sy

9.1.4 In thq
of the rudder

9.2 Loss

The system 1

10 Test re

10.1 Genel

At least thre
sold, shall b
For EMC tes|

Electronic ar
consecutive
International

10.2 Steeri

10.2.1 The

In the event of loss of steering control affecting only one engine in a multi-engine installation,the sy

quirements

!

apable of steering the boat.

b event of a command station failure, the operator shall be notified and the/affected com
switch to a fail-safe mode.

stem performance might be at a reduced level.

b event of loss of steering control in a single-engine rudder or strut installation, emergency c
shall be possible.

pf computer command logic

shall notify the operator of a command logic loss or‘@malfunction in its computer command

al test requirements

consecutively manufactured samples of each electronic and electromechanical compone
environmentally and mechanically tested to verify compliance with this International Stan
s, only one sample need/betested.

d electromechanicalt:components that have been tested and have passed with fewer than
samples and thatchave been in production for a minimum of five years prior to the release ¢
Standard shallbe Considered compliant.

ng

complete system (mechanical and electrical/electronic components) shall be designed to with

stem

mand

bntrol

ogic.

nt, as
dard.

three
f this

stand

the load test

5 defined in this subclause A new chfpm may he used faor each test For clarification purp

Ses,

a cycle is defined to be the command from an input device sufficient to cause the steering system to move
the output device(s) starting from hard over to opposite hard over and back to original starting position. A
malfunction of any type constitutes a failure.

10.2.2 Durability test: The output device shall travel through no less than 80 % of its range as defined by
the manufacturer for 100 000 cycles at a minimum rate of 10 degrees of steering angle per second under an
opposing force/torque equivalent to at least the maximum force declared by the manufacturer.

In all tests, the system shall be configured as it is intended to be used in a craft application.

For rudder or strut installations the rudder load may be calculated using the craft rudder load, as detailed
in ISO 12215-8.

© 1SO 2012 — All rights re
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10.2.3 High-load test: The steering actuator shall withstand a force equal to two times the force used in 10.2.2
when tested at mid travel in opposing directions.

10.2.4 Conduct these tests at the high ambient operating temperatures in Table 1, +2 °C, and at (120 + 2) % of
nominal voltage.

10.2.5 Conduct these tests at the low ambient operating temperatures in Table 1, £2 °C, and at (120 + 2) % of
nominal voltage.

10.2.6 FoIIowmg these tests the steerlng actuator shaII continue to operate W|thout failure within the original

10.3.
each
mecH

10.3.
withs

10.3.
withs

10.3.4 When fully twisted in the +Z and —Z direction; the joystick shall be capable of withstandin

15N

10.3.
speci

red functioning.

Joystick

I The joystick shall be designed to withstand a test comprising 500 000 cycles at 100 % o)

anical, constitutes a failure.

R When fully moved in the +X and —X direction to its end-stop’ point, the joystick shall b
tanding a force of (350 + 5) N applied tangentially to the arc of the throw. See Figure 2.

B When fully moved in the +Y and -Y direction to its “‘end-stop point, the joystick shall b
fanding a force of (350 + 5) N applied tangentially to the arc of the throw. See Figure 2.

M. See Figure 3.

fied by the manufacturer. Failure includes loose parts, cracks, wear outside of tolerance, orimpairg

350N+5N | ¢ 5 — | 350N45N

X, Y and Z direction with the minimum force applied at its end stop. A malfunction of any typqg,

tolerance, or

f its stroke in

electrical or

e capable of

e capable of

g a torque of

b Following these tests, the system, shall continue to operate without failure within the origingl parameters

d functioning.

Key

1 end stop
2 neutral

© 18O

Figure 2 — Extreme-travel test, X and Y movements

2012 — All rights reserved
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Key
1
2

end stop
neutral

10.4 Contr

10.4.1 The
be used for ¢
sufficient to g

neutral/i
ahead/iq
ahead/fy
ahead/id
neutral/i

astern/id

astern/id

10.4.2 The

The shift out
an over-strok
the shift load
stroke. The |
from 22 N at

Figure 3 — Extreme travel test, Z rotation

pl lever, single or combined, shift and throttle

bystem shall be designed to withstand the load tests defined in this subclause. A new systeni
pach test. For clarification purposes, a cycle is defined to be the command from an input d
ause the propulsion control system to move the output device(s) as follows:

Hle to ahead/idle (full stroke of the shift output device to ahead);
le to ahead/full RPM (full stroke of the throttle output device);

I RPM to ahead/idle;

le to neutral/idle;

Hle to astern/idle (full stroke of the shift outputidevice to astern);

le to astern/full RPM (full stroke of the\throttle output device);

astern/fiill RPM to astern/idle;

le to neutral/idle.

system shall withstand-a, 75 000 cycle load test when subjected to the loads defined below.

but device shall be subjected to a load of a minimum of 67 N, from neutral to near full stroke
e load of a minimum of 178 N applied to the shift device within the last 20 % of the shift strok
will change from a minimum of 67 N at 80 % of the full shift stroke to a minimum of 178 N
pad can eithér ramp up to a minimum of 178 N or be applied as a step function. A load incre
idle to-a-minimum of 111 N at full stroke shall be applied to the throttle output device.

10.4.3 Cond

may
evice

with
e, i.e.
at full
asing

uebthis test at the high ambient operating temperatures in Table 1, +2 °C, and at (120 + 2)

% of

nominal voltage.

10.4.4 Conduct this test at the low ambient operating temperatures in Table 1, +2 °C, and at (120 + 2) % of
nominal voltage.

10.4.5 In all tests, the system shall be configured as it is intended to be used in a boat application. The
minimum cycle rate shall be 6 cycles per minute.

10.4.6 Following these tests, the system shall continue to operate without failure within the original parameters
specified by the manufacturer. Failure includes loose parts, cracks, wear outside of tolerance or impaired function.

10

© 1SO 2012 — All rights reserved
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10.5.1 General
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Components shall be tested at a temperature based on their intended installation in accordance with Table 1.
An insulation resistance test shall be carried out before and after each damp-heat test, low-temperature test

and salt mist test.

Table 1 — Environmental tests for different areas of the craft

Temperatures (+2 °C)

Test Interior co::::?nt:ent Damp Wet
Salt mist X X X
Vibration test X X X X
Damp heat — Cyclic 30 °C 55°C 55°C 55°C
Damp heat — Steady state 30°C 50 °C 50 °C 50 °C
Highttemperature storage 85°C 85°C 85°C 85°C
Highttemperature operation 70 °C 70 °C 70 °C 70 °C
Low{temperature test — Operation -15°C -15°C -25°C -25°C
Low{temperature test — Storage -40°C —-40£C -40 °C -40 °C
Ingregss protection (IP) rating 54 55 56 66
10.5.R Salt mist tests
10.5.2.1 The salt solution shall be prepared bydissolving the compounds listed in Table 2 in one lifre of distilled

water. The quantities of the salts in the solution shall be within +10 % of those shown in Table 2.

be cdrried out as described in IEC 60068-2-52.

Table 2 — Salt mist solution

Sodium chloride NaCl 26,5 grams
Magnesiumychloride MgCla 2,4 grams
Magnesitm sulfate MgSO4 3,3 grams
Calgium/chloride CaClo 1,1 grams
Potassium chloride KCI 0,73 grams
Sodium bicarbonate NaHCO3 0,20 grams
Sodium bromide NaBr 0,28 grams

The test may

10.5.2.2 The test chamber parameters shall be as follows:

a) salt solution shall be sprayed into the atmosphere surrounding the EUT in the chamber in the form of a fine
mist at approximately one per cent of the volume of the chamber per hour;

b) to avoid contamination, salt solution dripping from the walls and ceiling of the test chamber and from the
EUT shall not be recycled for re-spraying.

10.5.2.3 Salt mist — Cyclic: The cyclic test shall be carried out as follows:
a) The spraying shall continue for 2 hours, after which the EUT is to be maintained as follows:

1) temperature: 35 °C + 2 °C;

© 1SO 2012 — All rights reserved
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2) relative humidity: 90 % to 95 %;
3) duration: 7 days;

4) this procedure shall be repeated four times in succession, following which the test chamber temperature
and humidity shall be reduced to ambient conditions.

b) On completion of salt mist tests, the complete system shall be subjected to one cycle of performance
testing without delay, as described in 10.2 or 10.4, as applicable, to ensure the system functions without
failure, or that any impaired function is within the original parameters specified by the manufacturer. The
EUT shall be examined to ensure that any deterioration or corrosion is superficial in nature.

10.5.2.4 Sar mist — Continuous: The continuous test shall be carried out as follows:
a) The spraying shall continue for 300 hours.

b) On completion of salt mist tests, the complete system shall be subjected to one cycle-of performance
testing without delay, as described in 10.2 or 10.4, as applicable, to ensure the system functions wlthout
failure, gr that any impaired function is within the original parameters specified by-th€ manufacturef. The
EUT sh3ll be examined to ensure that any deterioration or corrosion is superficialin nature.

10.5.3 Damp heat — Cyclic
The test shall be carried out in accordance with ISO 16750-4, with the following deviations:
a) the number of cycles shall be four;

b) on completion of the damp-heat test, the system shall be subjected to one cycle of performance tgsting
without gelay, as described in 10.2 or 10.4, as applicable;\to ensure the system functions without fgilure,
or that any impaired function is within the original paraméters specified by the manufacturer.

10.5.4 Damp heat — Steady state
10.5.4.1 The test shall be carried out in accordance with ISO 16750-4.

10.5.4.2 On|completion of the damp:-heat test, the system shall be subjected to one cycle of performance
testing, as d¢scribed in 10.2 or 10.4, as’applicable, to ensure the system functions without failure, or thgt any
impaired fungtion is within the original parameters specified by the manufacturer.

10.5.5 High{temperature tést — Operation

10.5.5.1 Tegts and pérformance criteria shall be in accordance with ISO 16750-4.

10.5.5.2 ThT testichamber shall be configured as follows:

— temperature: raised from the initial ambient temperature to the temperature indicated in Table 1;

— duration: 48 hours.

10.5.5.3 On completion of the high-temperature test, the system shall be subjected to one cycle of performance
testing, as described in 10.2 or 10.4, as applicable, to ensure the system functions without failure, or that any
impaired function is within the original parameters specified by the manufacturer.

10.5.6 High-temperature test — Storage

10.5.6.1 Tests and performance criteria shall be in accordance with ISO 16750-4.
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10.5.6.2 On completion of the high-temperature test, the system shall be subjected to one cycle of performance
testing, as described in 10.2, 10.3 or 10.4, as applicable, to ensure the system functions without failure, or that
any impaired function is within the original parameters specified by the manufacturer.

10.5.7 Low-temperature test — Operation

10.5.7.1 The test shall be carried out in accordance to ISO 16750-4 and the test chamber shall be
configured as follows:

— temperature: lowered from the initial ambient temperature to the temperature indicated in Table 1 and
maintained within +2 °C:

— dluration: 16 hours.

10.5.7.2 On completion of the low-temperature test, the system shall be subjected to one.cycle of|performance
testirlg, as described in 10.2 or 10.4, as applicable, to ensure the system functions without failurg, or that any
impajred function is within the original parameters specified by the manufacturer.

10.5.8 Low-temperature test — Storage

10.5.8.1 The test procedure shall be carried out in accordance to ISO-16750-4 and the test chambgr parameters
shall pe as follows:

— mperature: lowered from the initial ambient temperature to the temperature indicated in|Table 1 and
aintained within +2 °C;

— dluration: 72 hours.

10.5.8.2 On completion of the low-temperature test, the system shall be subjected to one cycle of|performance
testinlg, as described in 10.2 or 10.4, as applicable, to ensure the system functions without failure, or that any
impajred function is within the original parafmeters specified by the manufacturer.

10.6| Vibration tests and requirements

10.6.1 Equipment mounted ‘on engines, reverse gears or drives shall be tested in accgrdance with
ISO 16750-3:2007, Subclause 4.1.2.6.

The $ame test profile~shall be used for components mounted on reverse gears or drives not rigjdly attached
to th¢ engine singéLthe propeller-induced vibrations are considered to have a relatively high cpntribution in
comparison with'éngine-induced vibrations.

The EUT shall meet, as a minimum, performance criterion A as described in 10.10.2.

10.6 Equipment installed in locations not covered in 10 6 1 shall be tested ta a) ar b) below The EUT shall
meet, as a minimum, performance criterion A as described in 10.10.2.

The same system shall be used to complete all testing in the present subclause. A system shall be subjected
to one cycle as described in 10.2.1 to ensure that the system functions prior to the test.

a) Random vibration — The system shall be subjected to a random vibration, at 0,028 4 g2/Hz, from 20 Hz
to 2 000 Hz, applied along the three mutually perpendicular axes. The test duration shall be eight hours
for each axis.

On completion of the random-vibration test, the system shall be subjected to one cycle, as described in
10.2 or 10.4, as applicable, to ensure the system functions without failure, or that any impaired function is
within the original parameters specified by the manufacturer.
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b) Resonant vibration — In order to identify the major resonant frequencies, major sub-assemblies shall be
subjected to a swept sine vibration along the three mutually perpendicular axes from 20 Hz to 2 000 Hz at
1g zero-peak amplitude with a sweep rate of one octave per minute. Once the resonant frequency for the
individual major subassembly is known, it shall be vibrated for 10 million cycles or two hours, whichever
is greater, at the maximum displacement frequency (resonant frequency) at a 1g zero-peak amplitude for
each axis for off-engine-mounted units, and at four 4¢g’'s zero-peak amplitude for each axis for engine-
mounted units.

On completion of the resonant vibration test, the system shall be subjected to one cycle, as described in
10.2 or 10.4, as applicable, to ensure the system functions without failure, or that any impaired function is

within th

e original parameters specified by the manufacturer.

10.7 Shock

The system
shocks shall

The test may

10.8 Free f]

All compone
from a heigh
be tested (s€

 testing

shall be shock-tested with an acceleration of 500 m/s2 and a duration of 11 ms. The’numj
be 3 in each direction (18 in total). Any system malfunction shall be considered,as)a failure.

be carried out as described in IEC 60068-2-27.

all

nts of the system (control unit, electrical actuators, transmitters,.€t¢.) shall withstand a free-fa
of at least 1 m with impact on a concrete floor. By the use ofthiree samples, all six directions
e Figure 4). Any system malfunction shall be considered as_a failure.

er of

Il test
shall

Figure 4 — Principal description of free-fall directions

10.9 Resistance to UV

If required, resistance to solar radiation shall be ensured by the choice of a suitable material.
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10.10 Electromagnetic compatibility (EMC)

The boat builder shall be aware of EMC and the electrical interaction of all the components used on the craft.

10.1

0.1 Electromagnetic interference tests

Electronic equipment shall be subjected to the following electromagnetic interference tests for:

10.1

Test

immunity to conducted low-frequency interference, see 10.10.3;

immunity to conducted high-frequency interference, see 10.10.4;

immunity to radiated radio-frequency fields, see 10.10.5;

immunity to fast, low-energy transients (bursts) (on power, control and signal lines), see10.1
immunity to slow high-energy transients (surges), see 10.10.7;

immunity to electrostatic discharge (ESD), see 10.10.8;

immunity to power supply variation, see 10.10.9;

immunity to radiated emissions, see 10.10.10;

immunity to conducted emissions, see 10.10.11.

Q.2 EMC performance criteria

fesults shall be evaluated in accordance with one 6fthe performance criteria described bel

undef each specific test.

10.1

10.1

10.1

10.1

10.1

10.1

Performance criterion A (for continuous phenomena): The EUT shall continue to operatg
during and after the test. No degradation of performance or loss of function, as defined in
gpecification published by the manufacturer, is allowed.

sts. No degradation of performance or loss of function, as defined in the technical specificat
by the manufacturer, is allowed. During the test, degradation or loss of function or performance
flecoverable is, however, allowed but no change of actual operating state or stored data is allo

0.3 Immunity to conducted low-frequency interference
0.3.1Tests shall be carried out in accordance with IEC 60533.

0.3.2The EUT shall meet, as a minimum, performance criterion A as described in 10.10.2.

D.6;

bw, as stated

as intended
the technical

Lerformance criterion B (for transient phenomena): The EUT shall continue to operate as intepded after the

on published
which is self-
ved.

043 . | hierhof terf

0.4.1The test shall be carried out as described in IEC 60533, applied to:
AC/DC power lines;
signal/control lines;

I/0O ports.

0.4.2The EUT shall meet, as a minimum, performance criterion A as described in 10.10.2.
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