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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.
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hical Barriers to Trade (TBT) see the following URLiZwww.iso.org/iso/foreword.html.

committee responsible for this document is ISO/TC 8, Ships and marine technology, Subcommittee
Navigation and ship operations.

first edition cancels and replaces ISO/PAS 19697:2014.
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Introduction

An electronic inclinometer is an electronic device that provides information about roll period, roll
amplitude and the heel angle of the ship. Electronic inclinometers are intended to support the decision-
making process on board in order to avoid dangerous situations, as well as assist in and facilitate maritime
casualty investigation. The requirements in this document take into account human factors, ergonomic
principles and advances in technology.

vi © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=c6241d10043b99b87a0183aa4dda0c52

INTERNATIONAL STANDARD

ISO 19697:2016(E)

Ships and marine technology — Navigation and ship
operations — Electronic inclinometers

1 Scope

This document specifies the performance requirements, methods of testing and test results of electronic
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ral requirements contained in resolution A.694 (17) and is associated with IEC 60945

blectronic inclinometers provide information about actual heel angle, roll amplitude]
Ipport decision-making process on board in order to avoid dangerous gituations,
Annex A for information), as well as to assist in maritime casualty invegstigation. Th

erface to other systems.

es not apply to the electronic inclinometers installed for purposes which are outside
locument, e.g. monitoring of cargo status.

e a requirement in this document is different from IEC%0945, the requirement in th
5 precedence.

All requirements that are extracted from the recommendations of IMO Resolution M

ers are indicated in brackets.

following documents are referred\to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

60945, Maritime navigation and radiocommunication equipment and systems
rements — Methods ¢f testing and required test results

1162-1, Maritiménavigation and radiocommunication equipment and systems — Digital
1: Single talker~and multiple listeners

1162-2, Makitime navigation and radiocommunication equipment and systems — Digital
D: Single-talker and multiple listeners, high-speed transmission

61924-2, Maritime navigation and radiocommunication equipment and systems —
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rmance standards for electronic inclinometers, aré printed in italics and the resolution and paragraph
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equirements,

IEC 62288, Maritime navigation and radiocommunication equipment and systems — Presentation of
navigation-related information on shipborne navigational displays — General requirements, methods of
testing and required test results

IMO resolution MSC.191 (79), Performance standard for the presentation of navigation-related information
on shipborne navigational displays

IMO resolution MSC.252 (83), Performance standards for Integrated Navigation Systems (INS)
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and definitions

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

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

[EC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp/

3.1
actual heel

angle

momentary
[SOURCE: IN

3.2

analogue ty
display (3.3}
continuous

3.3

digital typg
display (3.3)
form of num

34
display
means by
presented t

3.5
inspection
equipment fi

3.6
reset funct
function fon

ingle of roll referenced to a levelled ship to port or starboard side

10 MSC.363 (92), Par. 3.1]

rpe display
vay, such as by means of an arrow pointer and graduated scale
display

that shows actual heel angle (3.1), roll amplitudes (3.7) and poll peak hold values (3.9) i
bers

hich the roll behaviour of the ship and the state“of the electronic inclinometer syster
an observer

equipment
pr testing the performance of the electronic inclinometer

on for roll peak hold value
resetting roll peak hold values (3.9) to zero and for recording reset date (month, day

year) and time

3.7

roll amplitude

maximum v(
[SOURCE: IN
3.8

lues of heel angle to port or starboard side

10 MSC.363 (92), Par. 3.1]

that shows actual heel angle (3.1), roll amplitudes (3.7) and roll peak hold values (3.9) i

n the

N are

r and

roll period

time between two successive maximum values of heel angle on the same side of the ship

[SOURCE: IMO MSC.363 (92), Par. 3.1]

39

roll peak hold value
maximum values of roll amplitude (3.7) to port or starboard side from the last reset

3.10
rolling

motion around the longitudinal axis of the ship

Note 1 to entry: Positive roll is starboard down.
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[SOURCE: IMO MSC.363 (92), Par. 3.1]

3.11

zero crossing method

way for measuring wave period by using a zero crossing which is a point where the sign of a measured
value (roll angle) changes

EXAMPLE From positive to negative.

4 Requirements

4.1 | General

User§ of this document shall note that while attempting to implement the requirements, they shall
ensufre compliance with such statutory requirements, rules and regulations so asto be applicable to the
indiviidual ship concerned.

4.2 | Functionality

[IMQ MSC.363 (92) Par. 1.2] The electronic inclinometers shall in a religble form
a) determine the actual heel angle with the required accuracy,

b) determine the roll amplitude with the required accuracy;

c) determine the roll period with the required accuracy,

d) present the information on a bridge display, and.

e) provide a standardized interface to instantaneous heel angle to the voyage data recorder (VDR).
4.3 | Information

4.3.1 Actual heel angle and roll amplitude

[IMQ MSC.363 (92) Par. 4] Electronic inclinometers shall be capable of measuring the actugl heel angle
and determining the amplitude of the rolling oscillation of the ship over a range of +90°.

4.3.1 Roll period

[IMQ MSC.363_(92) Par. 5] Electronic inclinometers shall be capable of measuring the time |between the
maximum valies of the rolling oscillation and determining the roll period over a minimum rangelof 4 s to 40 s.

If enpugh precision is not attained, the period may be measured by the “zero crossing met}10d".

4.3.3 Roll peak hold value

Electronic inclinometers may optionally record the roll peak hold values on both sides and present
them on any kind of display.

If optional recording of the roll peak hold values is provided, electronic inclinometers shall have a mean
of manually resetting the roll peak hold values by a single operator action.

If necessary, the following sentences may be provided for the reset of roll peak hold value:

$-TXT,01,01,01,EI_RPHVReset_yyyy_mm_dd_oo_nn_ss*hh <CR> <LF> (seeIEC 61162-1)

© IS0 2016 - All rights reserved 3
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where:

— “yyyy” is the reset year;

_ “mm” is the reset month;

_ “dd” is the reset day;

_ “00” is the reset hour;

_ “nn” is the reset minute;

_ “sg” is the reset second;

—_ “hh” is the check sum;

— TXT (see IEC 61162-1).

4.4 Display

[IMO MSC.3p3 (92) Par. 7.2] The actual heel angle to port or starboard shall’be indicated in an analogue
form betwegn the limits of +45°. When the actual heel angle exceeds 45° to either side, the analogue
display is permitted to remain at 45°.

[IMO MSC.363 (92) Par. 7.1.2] Electronic inclinometers shall display:the roll amplitude to both por} and
starboard sigle with a minimum resolution of 1°.

Electronic i
starboard, ¥
relative tim

[IMO MSC.3
resolution of

[IMO MSC.3
other bridge

4.5 Alert

Electronic 1
functional 4

The alerts s
The present
specified in

nclinometers may optionally display the roll ‘peak hold value for both sides, port
vith a minimum resolution of 1°. They may-alSo optionally display its reset date/tin
e from the reset, if the roll peak hold value function is installed.

63 (92) Par. 7.1.1] Electronic inclinometers shall display the latest roll period with a mini
(1.

63 (92) Par. 7.3] The display may be implemented as a dedicated display or integrateq
systems.

5

nclinometer may.provide operational alerts as described in 4.5.1 and shall pr

[erts as described’in 4.5.2.

hall conferim to protocol requirements of [IMO MSC.252 (83)] as specified in [EC 619
ation ofialerts shall conform to the presentation requirements of [IMO MSC.191 (79
[EC.62288.

[IMO MSC.3

and
e or

mum

into

vide

P4-2.
)] as

fitate

communication, to transfer alerts from inclinometers to external systems, and to acknowledge and silence
alerts from external systems.

All alerts provided in the electronic inclinometer shall be output via alert communications interface.

The following sentences shall be provided for the alert communications interface.

Sentences transmitted by the electronic inclinometers:

— ALCand ALF (see IEC 61924-2).

Sentences received by the electronic inclinometers:

— ACN (se

e [EC 61924-2).
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When an Integrated Navigation System (INS) is fitted, a suitable interface shall be provided for CAM-
HMI with the Integrated Navigation System [IMO Res. MSC.252 (83) and IEC 61924-2].

4.5.1 Operational alerts

[IMO MSC.363 (92) Par. 8.2] Electronic inclinometers may optionally provide a warning for indicating that
a set heel angle had been exceeded.

The alert on heel angle excess shall be classified as CAT B Warning. The electronic inclinometer shall
have a method of manually setting the threshold value of heel angle excess. The warning is initiated
and its warning state becomes “active - unacknowledged”, when the measured heel angle exceeds the
thre§hold value of heel angle excess. The electronic inclinometer shall have the means to dcknowledge
the dlert on heel angle excess. If the alert is not acknowledged, it shall be repeated as watmning within
5 min. Once the warning state becomes “active - acknowledged”, the warning state shallnotfbe returned
to “normal” automatically regardless of the measured value. The electronic inclihometer [shall have a
metHod of changing the alert state from “active - acknowledged” to “normal”.

ALF gentence is used to initiate a warning on other bridge systems when the\actual heel angle exceeds
the pre-set threshold.

The following sentence may be provided for the input of a threshold value of heel angle exc¢ss:
$-TXT,01,01,01,EI_SetRollThresholdAngle_xx_deg *hh < CR > <hF >
and the sentence for transmitting the pre-set value of the threshold:
$-TXT,01,01,01,EI_RollThresholdAngle_xx_deg *hh < CR»> <LF >
whefe:

« ”

— XX is the threshold value of heel angle;
— | “hh” is the check sum;
— | TXT (see IEC 61162-1).

Also/ the following sentence niay'be provided for changing the alert state from “active acnowledged”
to “nprmal”:

$-TXT,01,01,01,EI_CharigeToNnormalState*hh < CR > < LF >
where:
— | “hh” is check sum;

— | TXT\(See IEC 61162-1).

NOTE Fhe—usuat—atert hdud}iug nray 1ot be appropriate—imn this—document—Accor dius to—the usual alert
handling, a state of the warning “active acknowledged” becomes “normal” automatically when the measured
heel angle becomes lower than the threshold. However, the measured heel angle changing cyclically in starboard
side or port side causes frequent initiation of alerts because a state of warning “active acknowledged” becomes
“normal” just after acknowledged and the alert initiated again when the ship rolls to the other side and the
measured roll angle exceeds the threshold.

4.5.2 Functional alerts

[IMO MSC.363 (92) Par. 9.1] Electronic inclinometers shall internally check and indicate to the user if all
components are operative and if the information provided is valid or not.

All functional alerts should be classified as CAT.B Warning.

© IS0 2016 - All rights reserved 5
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1l be provided on the following conditions:

— malfunction of the electronic inclinometer sensor(s);

— failure of the power supply;

— heel angle data is invalid.

4.6

Interface

[IMO MSC.363 (92) Par. 10.1] Electronic inclinometers shall comprise a digital interface providing actual

heel angle i

avovuaaon daota yocordoy (VVDDP) vgth o 2 dos
a-sa- Fecorager—vo—WHA—Gh

rate

of at least j
information

[IMO MSC.3
IEC 61162-2

The sentend
provisionall

formation +0 othor cuctomc lilo o o +h n
Y OFGHOR—t0—0tRCFSSterRSHEG—e-g—t1e ge—aat HPGatE

Hz. Electronic inclinometers shall also comprise a digital interface providing the disp
of roll period and roll amplitude (see 4.3).

layed

b3 (92) Par. 10.3] The digital interface shall comply with the relevant Internationadl Standlards

as amended.

e for transmitting the data to VDRs and other external systems is-described in Aniex C

Y.

4.7 Pow]r supply

[IMO MSC.
electrical en
emergency s

5 Accur

5.1 Actud

[IMO MSC.3
proper asses
reading or #
greater for t|

5.2 Acceleration condition

[IMO MSC.3
by other ling
by transvers

The require

63 (92) Par. 12] Electronic inclinometers shall be powéred from the ship’s main sour
ergy. In addition, it shall be possible to operate the electronic inclinometers from the
burce of electrical energy.

\CY

1 heel angle, roll amplitude and roll period

b3 (92) Par. 6.1] Electronic inclinemeters shall provide the data with sufficient accuracy
lsment of the ships dynamic situation. Minimum accuracy of the measurements shall be 5|
[ °, whichever is the greater farangle measurements and 5 % of reading or #1 s, whichever
ime measurements.

b3 (92) Par. 6.2]Actual heel angle and time measurement accuracy shall not be unduly affi
ar or rotational movements of the ship (as e.g. surging, swaying, heaving, pitching, yawin
P acceleration ranging from -0,8 g to +0,8 g.

d acceleration condition, 0,8 g, includes the component of the gravitational acceleratio

ce of
chip’s

for a
% of
's the

bcted
g) or

6 Test methods and required results

6.1 General

Unless otherwise stated in this document, the requirements of IEC 60945 shall apply to the electronic
inclinometer. To ease the term, equipment under test (EUT) will be used to describe an electronic
inclinometer system being tested.

The test arrangement shall consist of the following:

— movable arm which enables rotation of the EUT sensor from the zero degree roll angle position
(upright) to the maximum roll angle position (90°) to both starboard and port sides;

display

representing other bridge equipment with which the EUT may communicate;

© ISO 2016 - All rights reserved
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— method of generating and transmitting to the EUT IEC 61162 sentences.

The EUT shall be arranged so that the heel sensors are secured to the moveable arm, the display is
readily observable and there is a suitable connection to permit the transmission and receipt of
[EC 61162 sentences between the EUT and the inspection equipment.

6.2 Static actual heel angle test

6.2.1 Method of testing and required results

To determine the actual heel angle of the electronic inclinometer statically, the EUT sensor is gradually
rotatled from the zero degree to the maximum roll angle position on one side and then-from zero to
maxijmum on the other side. Outputs of the EUT and the inspection equipment are recerdeg every 5° of
rotatjion.

Confjrm that the difference between the angles recorded by the EUT and thejinspection equipment
shalllbe within 5 %, or 1°, of the inspection equipment reading, whichever is,the larger.

6.3 | Dynamic actual heel angle test

6.3.1 Method of testing and required results

To determine the actual heel angle of the electronic inclifometer dynamically, the EUYT sensor is
periddically rotated from the zero degree to the maximum roll angle position on one side and then
from| zero to maximum on the other side. The inspection equipment shall also permit th¢ addition of
the maximum expected transverse acceleration, 0,8:g,'to the top of the arm (see Annex B|for detailed
inforimation on the inspection equipment). Before.the test, manufacturers shall provide infprmation on
the measurement delays in the EUT. Any measurgment delay shall be less than 0,1 s.

The ¢omparison of all measured heel angles.between the EUT and the inspection equipmept is carried
out with randomly selected measured tworcycle data in the following conditions:

— 1oll period of 4 s and roll amplitude of 90°;
— 1oll period of 40 s and rollamplitude of 90°.

The heel angles of the EUT, and the inspection equipment shall be recorded at a frequeng¢y of no less
than|50 Hz.

Confjrm that the diffefence between the angles recorded by the EUT and the inspection equipment
shalllbe within 596;0r 1°, of the inspection equipment reading, whichever is larger.

6.4 | Long=term actual heel angle test

6.4.1__Method of testing and required results

To confirm that an integral calculus error in the measured heel angle does not influence performance,
a series of small angle dynamic actual heel angle tests are conducted. The sensor of the EUT is swung
periodically under the condition of roll period of 4 s and roll amplitude of 45° continuously, with a
rolling period of 4 s, for no less than 1 d using the inspection equipment.

The heel angles of the EUT and the inspection equipment shall be recorded at a frequency of no less
than 50 Hz.

Confirm that the difference between the angles recorded by the EUT and the inspection equipment
shall be within 5 %, or 1°, of the inspection equipment reading, whichever is larger.

© IS0 2016 - All rights reserved 7
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6.5 Roll period test

6.5.1 Method of testing and required results

To confirm that the EUT correctly records the roll period, the sensor is attached to the arm of the
inspection equipment and swung 45° to starboard and port. The comparison of all measured rolls
periods between the EUT and the inspection equipment is carried in the following conditions:

— roll period of 4 s and a roll amplitude of 45°;

roll period of 40 s and a roll amplitude of 45°.

Confirm tha|t the difference between the roll periods recorded by the EUT and the inspection equip

shall be wit]

6.6 Conn
The connect

The interfad

The “HRM”
Annex C prg

nin 5 %, or 1 s, of the inspection equipment reading, whichever is larger.

ections to other equipment test
ions to other equipment test shall satisfy the requirements of 4.6.
e facilities shall be subjected to the tests specified in IEC 61162-2:

sentence for transmitting the data to VDRs and other exterhal systems is describ
visionally.

6.6.1 Method of testing and required results

The sensor
rotated to si

bf the EUT is placed on the top of the arm of thednspection equipment. The sensor is
mulate roll period of 10 s and a roll amplitude. of 10° for more than 60 s.

By monitoring the “HRM” sentence generated by the-EUT, confirm that the output is updated at

once per 20

) ms.

6.7 Display test

The display

Two sample
electronicin
display or i
defined valy

test shall satisfy the requirements of 4.4.

s of the display are sh@wn in Figures 1 and 2. Figure 1 is a sample of a traditional
clinometer display and)Figure 2 is a sample of electronic inclinometer display for a dedi
itegrated into other’bridge systems. They are just samples for better understanding
es and they donat prescribe display design of the electronic inclinometer display.

6.7.1 Method of testing and required results

The EUT se

ment

bd in

then

least

type
rated
f the

nsor is-secured to the test arm of the inspection equipment. If the EUT will be inter

with additignal“systems’ displays, it shall also be connected to a representative system so th
output can i i i i j i i

faced
the

a)

b)

Incline the EUT sensor 10° to starboard and to port. Confirm by observation that the actual heel
angle value is shown on a dedicated display in an analogue form and to an accuracy of not more
than +5 %, or +1°, of the actual value, whichever is the greater and that the resolution of numeric
display is 1°. By monitoring the HRM sentences transmitted by the EUT, and by observing the
display of another “test” equipment interfaced to the EUT, confirm that the value of actual heel
angle “told” to the integrated displays of other bridge systems also has an accuracy of not more
than +5 %, or *1°, of the actual value, whichever is greater and that the resolution of numeric
display is 1°

Rotate the EUT sensor at the following pre-determined roll periods and roll amplitudes:

roll period of 10 s and roll amplitude 10°;

© ISO 2016 - All rights reserved
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IS0 19697:2016(E)

Confirm by observation that the roll period and roll amplitude values are shown on a dedicated
display to an accuracy of not more than +5 %, or #1 s, or 1° of the actual value, whichever is the
larger and that the resolution of numeric display is 1° and 1 s. By monitoring the HRM sentences
transmitted by the EUT, and by observing the display of another “test” equipment interfaced to the
EUT, confirm that the actual values of roll period and roll amplitude “told” to integrated displays
of other bridge systems has an accuracy of not more than *5 %, or #1 s, or 1°, of the actual value,

whichever is the larger and that the resolution of numeric display is 1°and 1 s.

the period is greater than 40 s, as “++”.

Key

Roll Period: 12 s
@) Heelangle warning
€@ System error @ Powér indicator

Roll amplitude
P:16°

Roll amplitude
S:15°

1joll peak holdvalue
threshold-héel angle
dnalegue heel angle indicator

h the measured roll period is less than 4 s, the display should represent the value a§-

-” and when

Figure 1 — Example of a conventional head up type electronic inclinometer display
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-45
40

30
20
10

Wdve Period (dec) Heel Angle (deg)

Q ya
1 1 1 1 1
BOOPM  BOSPM  B10PM  BI5PM  820PM  825PM  830PM O
ime
d  Heel angle warning
\_ i Sensor error . Power indicator j

roll peak hold value
thresholfl heel angle

digital h¢el angle indicator
analogug heel angle indicator
digital rqll period indicator
analogug roll period indicator

Figure 2 — Example of an electronic inclinometer display for an integrated conning display

6.8

The operatipnal alert test shall satisfy the requirements of 4.5.1.

Operational alert test

The electronic inclinometer shall provide an operational alert when it has a function for warning to

indicate thaf a set heel angle has been‘eéxceeded.

The operatipnal alert function ghall provide display of the warning and ALF sentence to initiate a

warning on jother bridge systems When the actual heel angle exceeds the pre-set threshold.

6.8.1 Method of testing'and required results

Perform the| followirig procedures.

a)

b)

10

Set the threshold value to 20° by a manual input device, if available. Confirm by observation that the
thresholld value is shown on its dedicated display or an integrated display of other bridge syjstem
properly. Confirm by observation that the TX T sentence for informing roll threshold angle (defined
in 4.5.1) is transmitted from the electronic inclinometer to other bridge systems to show the pre-
set threshold value on the display of the other bridge system.

Or set the threshold value to 20° by transmitting a TXT sentence for setting threshold value of
heel angle (defined in 4.5.1) to the electronic inclinometer. Confirm by observation that the pre-set
threshold value is shown on the display properly.

Incline the heel sensor to 30°. Confirm by observation that the electronic inclinometer initiates
an operational alert as “active - unacknowledged” warning in compliance with IEC 61924-2 by
audible and visible means together with associated descriptive text directly assigned to the
function generating the warning on its dedicated display or an integrated display of other bridge
system. Confirm by observation that ALF and ALC sentences are transmitted from the electronic
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inclinometer to other bridge systems to report new warning status (active — unacknowledged) of

the electronic inclinometer.

Confirm by observation that proper behaviours are executed under the status change of “active -

unacknowledged” and “active - acknowledged” and the actions of “silencing” and “co
compliance with [EC 61924-2.

ntinuing” in

Restore the heel sensor to zero degree inclination. Confirm by observation that the warning

including visual indication appears continuously and a state of warning is “active - ack

Execute the changing method of the alert state from active to normal. If the changi

defined in 4.5.1). Confirm by observation that the warning including visual indication

Functional alert test

The functional alert test shall satisfy the requirements of 4.5.2.

6.9.1 Method of testing and required results

Perfgrm the following procedures.

a)

b)

$et the electronic inclinometer to a malfunction state. Confirm by observation that tH
inclinometer initiates a functional alert as “active - unacknowledged” warning in com
IEC 61924-2 together with associated descriptive text directly assigned to the functioi
the warning on its dedicated display or an integrated'display of other bridge system w
gignal and speech output.

Lonfirm by observation that proper behaviours are executed under the statug
lunacknowledged” and “acknowledged”~anhd the actions of “silencing” and “cor
¢ompliance with [EC 61924-2.

Recover the electronic inclinometer-from the malfunction state. Confirm by observat
yarning including its visual indication disappears after the alert condition is rectified.

6.10 Roll peak hold value test

The roll peak hold value test shall satisfy the requirements of 4.3.3.

6.10{1 Method oftesting and required results

Rotate the electronic inclinometer as following conditions:

foll period 10 s and roll amplitude 10° for more than 60 s;

follperiod 30 s and roll amplitude 30° for more than 180 s;

nowledged”.

ng device is
e to normal
disappears.

e electronic
pbliance with
1 generating
ith no audio

change of
tinuing” in

ion that the

stop rotating.

Confirm that the roll peak hold value is shown on a dedicated display and /or HRM sentence is transmitted
by the electronic inclinometer to other bridge systems and it includes proper roll peak hold values.

6.11 Reset function of roll peak hold value test

The electronic inclinometer shall provide a manual reset device to initiate reset function with single
operator action to users, when it has a function to show roll peak hold values.

The roll peak hold values shall become zero, when the reset function is initiated.

© ISO 2016 - All rights reserved
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The reset date/time should be recorded and displayed on a dedicated display or an integrated display,
when the reset function is initiated.

6.11.1 Method of testing and required results

Push a roll peak hold value reset button of the electronic inclinometer, if available, or transmit TXT
sentence (defined in 4.3.3) to the electronic inclinometer to reset the roll peak hold value.

Confirm the

— bothsta

following:

rboard and port roll peak hold values are set to zero, and/or the reset date/time is set to the

time wt

— TXT sen

hold values and reset date/time.

6.12 Power supply test

dol o | dnde. . 1 1 [anh¥danl de Ll oda 1 4.3 2\ - 1
CIIUIT TTSTU UULTUIT IS PUSIICTU UL T AT STIIITIHILT (UCTHICTU TIT 7. 0.0 J IS TTLTIVEU,

tence (defined in 4.3.3) transmitted by the electronic inclinometer includes properrollpeak

It shall be cpnfirmed that the electronic inclinometer is powered from the ship's emergency soutce of

electrical en

7 Install

ergy, when the ship’s main source of electrical energy is unavailable!

ation position

[IMO MSC.3p3 (92) Par. 11] The installation position of the sensors-of the electronic inclinometer shall be

recorded andl made available for the configuration of the voyage datd recorder.

8 Information

The manufafturer shall provide adequate equipmentdocumentation to enable competent memberf of a

ship’s crew {

o operate and maintain the equipment éfficiently.

12
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Annex A
(informative)

Relationship between transverse metacentric stability and
measured natural roll period of ships in waves

metacentric
relationship

To helpunde and-the useofmeasured naturalrol periodinwavesand-effective GM {the
it of the ship) in decision making when navigating in rough seas, this annex explains the
between stability and measured natural roll period of ships in waves.

Figufe A.1 illustrates a transverse cross section of a ship hull and shows restoring\roll moment caused
by inlclination.

As the GM is considered effective in small heel angles from the upright,typically less than about 10°,
the rlestoring moment of roll motion is expressed in Formula (A.1) and the formula of rqll motion is

expressed in Formula (A.2).

Figure A.1 — Restoring roll moment

M=pgVGM;sinf0=pgVGM; 0 (A1)
whefe

M is the restoring roll moment (Nm);

p is the water density (kg/m3);

g is the gravitational acceleration (m/s2);

\Y4 is the displacement (m3);

G—MT is the transverse metacentric height (m);

0 is the heel angle from the upright (rad).
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I
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gVGeM
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IX+]X

(A.2)

TITONTEnt of inertia of TotHmotion;
e added moment of inertia of the vessel rolling in water.

y, natural angular frequency and period of the roll motion are expressed as the follo
Epectively.

pgVveGM,;
IX+]X

is the natural roll period.

- hand, radius of roll motion, %, is defined in Formula (A.5).
~ IX + ]X

la (A.4) and Formula (A.5), G MT is deduced as
k

1[gGMT

k2

47r2

wing

(A.3)

(A4)

(A.5)

A.6)

G M, =

ng

In addition, radius of roll motion, k, of merchant ships are approximated with 0,4 times the ship breadth,

the formula

GM, =

where

B

14

of G M issimplified as

2
0,64 5
T2

is the maximum breadth of the ship.

(A7)
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