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Coupling
Gear

0 Chockfast calculation

1 Azimuthing main propulsors

S
LiboNonswion

Requirements for propulsion machinery of ICE CLASS ID 341
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4.5  Closing appliances and doors
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5 Additional requirements for hull and stability for
COLD BASIC (H tDH, E tDE) and COLD (H tDH, E tDE) 348
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Chapter 9 Environmental Protection
Section 1 General Requirements
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1 General 359
1.1 Application
1.2 Documentation to be submitted
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2.1 Waste management and monitoring
2.2 Oily wastes
2.3 Wastewaters
2.4 Garbage and hazardous wastes
2.5  Hull anti-fouling systems
2.6 Prevention of pollution by oil spillage and leakage
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3 Additional design requirements for the additional class notation
CLEANSHIP SUPER 370
3.1 Waste minimization and recycling program
3.2 Oily wastes
3.3 Wastewaters
3.4  Food wastes
3.5  Prevention of pollution by oil spillage and leakage
3.6  Protection against oil pollution in the event of collision or grounding
3.7 Prevention of air pollution
4 Onboard tests and measurements 372
4.1 Application
4.2 Periodical tests and measurements done by the Shipowner
Section 3 Notations AWT-A, AWT-B and AWT-A/B
1 General 374
1.1 Application
1.2 Documentation to be submitted
2 Additional class notations AWT-A, AWT-B and AWT-A/B 374
2.1 Scope
2.2 Definitions and abbreviations
2.3 Design of the AWT plant
3 Onboard tests and measurements 375
3.1 Periodical tests and measurements done by the Shipowner
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1 General 377
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4.1 Scope
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1.1 Application
1.2 Documentation to be submitted
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2 Additional class notation NOX-x% 383
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3 Additional class notation SOX-x% 384
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Section 7 EGCS-SCRUBBER and SCRUBBER READY
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1 General 390
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2.1
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Emission measurements
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5.1 Arrangement
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6.1 Arrangement
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7 Machinery space arrangement 428
7.1 Allowable arrangements for engine room and internal combustion machinery spaces
7.2 Machinery space included in the citadel
7.3 Sheltered machinery space
7.4 Unprotected machinery space
7.5 Fire protection
7.6 Engine room cooling
8 Superstructure design 429
8.1 Precautions for decontamination
9 Marking 430
9.1 Openings
9.2  Equipment
Section 3 CBRN Notations - CBRN Protection
1 Detection system 431
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Section 1 VeriSTAR-HULL and VeriSTAR-HULL FLM

1 General

1.1 Application

1.1.1 In accordance with Pt A, Ch 1, Sec 2, [6.2], the additional class notations VeriSTAR-HULL or VeriSTAR-HULL FLM
defined in [1.1.2] and [1.1.3] is assigned, at the design stage or after construction, to ships for which structural analysis have been
performed and documented in accordance with the requirements of this Section.

1.1.2 The additional class notation VeriSTAR-HULL is assigned when a cargo hold structural strength analysis has been
performed and documented in accordance with [2.1].
This notation is not applicable to passenger ships or ships equipped to load trains or wheeled vehicles (i.e. ships assigned the

service notation passenger ship, ro-ro passenger ship, ro-ro cargo ship, PCTC or PCC).

1.1.3 The additional class notation VeriSTAR-HULL FLM is assigned when a full length structural strength analysis and a cargo
hold structural strength analysis, as applicable, have been performed and documented in accordance with [2.2].
1.1.4 The additional class notations defined in [1.1.2] and [1.1.3] may be completed by the following notations:

e FAT or FAT xx years, where xx indicates the design fatigue life in years, when a complementary fatigue analysis has been
performed and documented in accordance with [2.3]

¢ CM when a spot map has been defined and documented in accordance with [2.4].

1.2 Documentation to be submitted

1.2.1 In addition to the documentation necessary to carry out the structural analysis, listed in Pt B, Ch 1, Sec 4 or in the Common
Structural Rules (NR606), as applicable, the documentation to be submitted for the assignment of the notation VeriSTAR-HULL
is given in Tab 1.

1.2.2 In addition to the documentation necessary to carry out the structural analysis, listed in Pt B, Ch 1, Sec 4 or in the Common
Structural Rules (NR606), as applicable, the documentation to be submitted for the assignment of the notation VeriSTAR-HULL
FLM is given in Tab 2.

1.2.3 In addition to the documentation defined in [1.2.1] or [1.2.2], as applicable, the documentation to be submitted for the
assignment of the notation FAT or FAT xx years is given in Tab 3.

1.2.4 In addition to the documentation defined in [1.2.1] or [1.2.2], as applicable, the documentation to be submitted for the
assignment of the notation CM is given in Tab 4.

Table 1 : Documentation to be submitted for the additional class notation VeriSTAR-HULL

No. | A/l (1) Documentation Particulars

1 | Analysis of the longitudinal strength | Including assumptions, methodology and results according to, as applicable:
and local scantlings of the plating e Part B, Chapter 6; Pt B, Ch 7, Sec 4 and Pt B, Ch 7, Sec 5

and secondary stiffeners located in |« the Common Structural Rules (NR606)
the central part

2 | Cargo hold structural strength Including assumptions, methodology and results according to, as applicable:
analysis e PtB,Ch8,Sec1;PtB, Ch8, App 1 and Pt B, Ch 8, App 2

e the Common Structural Rules (NR606)

This analysis is not required for ships assigned the service notation passenger
ship, ro-ro passenger ship, ro-ro cargo ship, PCTC or PCC

(1) A: to be submitted for approval; I: to be submitted for information
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Table 2 : Documentation to be submitted for the additional class notation VeriSTAR-HULL FLM

No. | A/l (1) Documentation Particulars
1 | Analysis of the longitudinal strength | Including assumptions, methodology and results according to, as applicable:
and local scantlings of the plating e Part B, Chapter 6; Pt B, Ch 7, Sec 4 and Pt B, Ch 7, Sec 5
and secondary stiffeners located in | ¢ the Common Structural Rules (NR606)
the central part
2 | Cargo hold structural strength Including assumptions, methodology and results according to, as applicable:
analysis e PtB,Ch8, Sec1;PtB, Ch8, App 1 and Pt B, Ch 8, App 2
¢ the Common Structural Rules (NR606)
This analysis is not required for ships assigned the service notation passenger
ship, ro-ro passenger ship, ro-ro cargo ship, PCTC or PCC
3 | Full length structural strength Including assumptions, description of the full length finite elements model,
analysis methodology and results according to:
¢ NI640 for ships assigned the service notation passenger ship, ro-ro
passenger ship, ro-ro cargo ship, PCTC or PCC
e Pt B, Ch 8, App 3 for ships assigned other service notations
(1) A: to be submitted for approval; I: to be submitted for information

Table 3 : Additional documentation to be submitted for the notation FAT or FAT xx years

No. | A/1 (1) Documentation Particulars
Including assumptions, methodology and results according to, as applicable:
1 | Fatigue analysis e Part B, Chapter 10
e the Common Structural Rules (NR606)
(1) A: to be submitted for approval; I: to be submitted for information

Table 4 : Additional documentation to be submitted for the notation CM

No. | A/l (1) Documentation Particulars
1 | Hot spot map As per [2.4]
(1) A: to be submitted for approval; I: to be submitted for information

2 Requirements

21

Additional class notation VeriSTAR-HULL

2.1.1 An analysis of the longitudinal strength and local scantlings of platings and secondary stiffeners located in the central part
is to be performed according to:

e Part B, Chapter 6; Pt B, Ch 7, Sec 4 and Pt B, Ch 7, Sec 5
¢ the Common Structural Rules (NR606), as applicable.

Note 1: The central part is defined in Pt B, Ch 1, Sec 1, [2.1.3].

2.1.2 A cargo hold structural strength analysis is to be performed according to Pt B, Ch 8, App 1 and Pt B, Ch 8, App 2, or the
Common Structural Rules (NR606), as applicable.

2.2 Additional class notation VeriSTAR-HULL FLM

2.2.1 An analysis of the longitudinal strength and local scantlings of platings and secondary stiffeners located in the central part
is to be performed according to:

e Part B, Chapter 6; Pt B, Ch 7, Sec 4 and Pt B, Ch 7, Sec 5
¢ the Common Structural Rules (NR606), as applicable.

Note 1: The central part is defined in Pt B, Ch 1, Sec 1, [2.1.3].

2.2.2 The following is to be complied with:

¢ For ships assigned the service notation passenger ship, ro-ro passenger ship, ro-ro cargo ship, PCTC or PCC:

A full length structural strength analysis is to be performed in accordance with N1640.
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¢ For ships assigned another service notation, the following structural strength analysis are to be performed:

- acargo hold structural strength analysis according to Pt B, Ch 8, App 1 and Pt B, Ch 8, App 2, or the Common Structural
Rules (NR606), as applicable

- afull length structural strength analysis according to Pt B, Ch 8, App 3.

2.3 Additional requirements for the notation FAT or FAT xx years

2.3.1 A fatigue analysis is to be performed according to the applicable requirements of Pt B, Ch 10, Sec 1 or the Common
Structural Rules (NR606), as applicable.

2.4 Additional requirements for the notation CM
2.4.1 A hot spot map is to be provided in accordance with the requirements given in [2.4.2] to [2.4.6].

2.4.2 The items to be included in the hot spot map are, in general, as follows:

¢ items (such as plating panels or primary supporting members) for which the structural strength analysis carried out at design
stage show that the ratio between applied loads and allowable limits exceed 0,975

¢ items identified as “hot spot item” during structural reassessment, when applicable, taking into account actual conditions
revealed by updated thickness gaugings

¢ structural details subjected to fatigue, based on the list defined in Pt B, Ch 13, Sec 5 or NR606, Chapter 9. As a rule, only
fatigue details with a calculated damage ratio above 0,8 are to be included in the hot spot map

¢ other items, depending on the results of the structural analyses and/or on experience.

2.4.3 A preliminary hot spot map containing hot spots, defined based on experience only, may be submitted to the Society at
early stage. As soon as the calculations results defined in Tab 1 and Tab 2 are available, the hot spot map is to be updated by the
Interested Party and submitted to the Society.

2.4.4 The hot spot map is to be taken into account by the Interested Party when establishing the NDT plan according to Pt B,
Ch 13, Sec 4, [5.1.3].

2.4.5 The hot spot map is to be taken into account for construction surveys..

2.4.6 The hot spot map is to be kept onboard after the date of build.
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Section 2 Star-Mach, Star-Mach SIS

1 General

1.1 Application

1.1.1 The additional class notations STAR-MACH and STAR-MACH SIS are assigned after construction, to ships complying with
the requirements of this Section in accordance with Pt A, Ch 1, Sec 2. The notation STAR-MACH SIS is to be maintained during
the ship service life.

1.2 Definitions

1.2.1 Risk Analysis

Risk analysis is a process of identifying assets and threats, prioritizing the related vulnerabilities, and identifying appropriate
measures and protections in order to decrease these vulnerabilities to an acceptable level. On a ship, the risk analysis shall
identify critical equipment in compliance with ISM Code, Section 10.

The most suitable risk analysis technique to be applied in this Section is the Reliability Centred Maintenance (RCM) methodology
defined by or on behalf of the Operator, as described in [1.2.4]. Other risk analysis techniques providing an equivalent
maintenance strategy may be recognized by the Society on a case by case basis. Condition monitoring techniques may be
implemented.

1.2.2 Operator
In this Section, Operator means the Owner of the vessel or any other organization or person, such as the Manager or the Bareboat
Charterer, who declares to be in charge of the maintenance of the ship.

1.2.3 Maintenance Management System
In this Section, the Operator’s Maintenance Management System means the computerized support, as well as the content, that
is the maintenance plan and the historical data.

1.2.4 Reliability Centred Maintenance (RCM)

RCM is defined by the international recognized standards, such as SAE JA1011:2009 “Evaluation Criteria for RCM Processes”
and SAE JA1012:2011 “Guide to the Reliability Centred Maintenance (RCM) Standard” or IEC 60300-3-11:2009 “Dependability
management - Part 3-11: Application guide - Reliability centred maintenance”.

Itis a process used to select suitable failure management policies in order to ensure that any physical asset continues to function
according to its performance standards and in its present operating context. It is generally used to achieve improvements in fields
such as the establishment of safe minimum levels of maintenance, changes to operating procedures and strategies and the
establishment of capital maintenance regimes and plans in order to increase the probability that an asset will function in the
required manner over its design life-cycle with a minimum amount of maintenance and downtime.

The RCM process generally consists of answering the seven basic questions for each asset or system under review:

¢ Function: What are the functions and associated performance standards of the asset in its present operating context?

¢ Functional Failure: In what ways does it fail to fulfil its functions?

¢ Failure Mode: What causes each functional failure?

e Failure Effect: What happens when each failure occurs?

¢ Consequence: In what way does each failure matter?

¢ Pro-active task: What can be done to predict or prevent each failure?

¢ Default task: What should be done if a suitable proactive task cannot be found?

1.3 Scope

1.3.1 The scope of STAR-MACH and STAR-MACH SIS is limited to the ship propulsion and steering systems, auxiliaries
(machinery, electrical). It includes class machinery items and excludes any statutory equipment. A typical list of systems covered
by these additional class notations is presented below:

e propulsion plant, including thrusters if any

¢ actuating systems of controllable pitch propellers
e electricity production and distribution

e cooling water systems

¢ lubricating oil transfer, treatment, supply systems
¢ fuel oil transfer, treatment, supply systems
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e compressed air systems for starting and control
¢ hydraulic oil systems

* automation

¢ bilge system

e ballast/ trimming / heeling systems

¢ fire detection and alarm system

e fire-fighting systems

e fuel / lubricating oil drainage / recovery

¢ exhaust gas systems

e steam production and distribution systems

¢ feed water and condensate systems

¢ thermal oil heating system

e steering gear system

¢ forced ventilation for machinery spaces, but excluding air conditioning
¢ waste pumping, but excluding treatment

e sewage pumping, but excluding treatment system.

1.4 Objectives

1.4.1 The additional class notation STAR-MACH is assigned to a ship in order to reflect that a RCM study has been performed
for the ship systems mentioned in [1.3], in order to support and validate the maintenance plan/program in the operational
context.

1.4.2 The additional class notation STAR-MACH SIS is assigned to a ship in order to reflect the following:

* a RCM study has been performed for the ship systems mentioned in [1.3], in order to support and validate the maintenance
plan/program in the operational context

¢ the Operator, by taking into account the results of the RCM study, is able to demonstrate the effective implementation and
follow-up of the approved maintenance plan/program

¢ the RCM study is periodically up-dated, usually at the class renewal survey, according to ship operation, maintenance and
equipment behaviour (failures ...).

2 Assignment of the notation

2.1 Documentation to be submitted
2.1.1 The documentation listed in Tab 1 is to be submitted.

Table 1 : Documentation to be submitted for the additional class notation STAR-MACH

No. | A/l (1) Documentation Particulars
1 A | Maintenance Plan Including information detailed in [2.1.3]
2 | RCM study documentation See [2.1.2]
3 | Documentation for the systems | For each system:
listed in [1.3] e master equipment list

e system drawings

¢ specifications and operational description of systems / components

¢ equipment operation and maintenance manuals, on a case by case basis

e attestation from the operator stating that there are no design changes foreseen
in the next 5 years at the date of the application for the STAR-MACH notation

¢ historical data of equipment maintenance and failures (if any), see [2.1.4]

(1) A: to be submitted for approval; I: to be submitted for information
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2.1.2 The RCM study documentation is to include:

¢ Equipment or System selection methodology identifying critical equipment in compliance with ISM Code, Section 10 (if
separate from the RCM process)

e Operator RCM methodology or process (including operator maintenance philosophy and strategy) and reference to an
applicable standard, such as the ones mentioned in [1.2.4]

¢ Methodology for continuous improvement/ tuning of the RCM study (in case the RCM study has already been updated before)

¢ Qualifications of team involved in the RCM study (training and experience in RCM and equipment / system operation and
maintenance)

¢ Overview report of the RCM study — i.e. Number of systems, number of equipment, number of completed assessments,
equipment types, level of details, etc (if available)

¢ RCM study (Equipment Criticality Analysis, Functional Analysis, FME(C)A, Maintenance Selection Analysis, etc.) of each
system including the sources used to collect the reliability data (see [2.1.5]).

The frequency of maintenance and its scope are to be justified by Manufacturer’s recommendations or from documented
experience.

2.1.3 Maintenance Plan

The Operator is to provide a Maintenance Plan representing the collection of maintenance tasks together with the schedule of
execution.

For each maintenance task, the following information must be made available:

¢ maintenance type (on-condition monitoring, inspection, reconditioning/overhauling, discarding/replacing, testing, routine,
service and lubricating, testing/failure finding)

¢ maintenance frequency (periodicity value unit is to be clearly specified, i.e. hour, day, week, month, year)

* maintenance description/scope.

2.1.4 Historical data

The Operator is to provide the Society with the ship history reports for any piece of equipment on:

e carried-out preventive, preventive and failure finding maintenance (periodic or condition-based)
e damage or breakdown entailing unplanned maintenance (corrective)

¢ unsatisfactory condition found during maintenance.

Any recorded failure or breakdown should at least contain a detailed description of failure, date of occurrence, equipment
counter hours at occurrence, possible cause.
2.15 Reliability Data Sources

The Operator is to provide the Society with the reliability data sources used during the RCM process. Reliability data sources
could be, but are not limited to:

e Historical data (see [2.1.4])

¢ Experience of the RCM team members

¢ Data collected from previous RCM studies in similar systems
¢ Reliability databases (OREDA, ...)

¢ Manufacturer data, manuals or specifications.

2.2 STAR-MACH
2.2.1 The procedure for the assignment of a STAR-MACH notation to a ship, on receipt of the documents listed in [2.1] regarding
systems mentioned in [1.3], is as follows:

a) The Society performs a documentation technical review of the RCM study, as described in [2.2.2], in order to approve the
Maintenance Plan.

On a case by case basis, if the RCM study is not documented, the Society can carry out a RCM study based on the submitted
documentation, in order to approve the Maintenance Plan.

b) On approval of the maintenance plan, the STAR-MACH notation is assigned.
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2.2.2 The process of the RCM study technical review is:

a)

)

Verification that the Operator RCM methodology or process is based on an acceptable and applicable standard (including
Equipment Criticality Analysis (ECA), Failure Modes and Effects Analysis (FMEA), and Maintenance Selection Analysis (MSA)).

Verification that the RCM study team members have adequate skills and experience in undertaking RCM studies and are
knowledgeable in the studied systems/ equipment.

Verification that the RCM study covers all the systems included in the scope.

Verification that the most critical systems / equipment defined for the RCM study include some typical critical systems /
equipment that would be expected for the ship and include equipment for which serious or frequent failures have been
reported.

Verification that all class machinery items are included in the scope of the RCM study.

Carry out a review of the RCM study applied for selected main equipment of some systems, in order to check all possible
scenarios in terms of criticality and maintenance strategies. If the review is acceptable and in accordance with the Operator
RCM methodology, the RCM study of other equipment will not be fully reviewed. If considered unacceptable, a review of
other equipment will be carried out for confirmation. If this review is also unacceptable, the Society will require a complete
review of all other equipment.

For the RCM study of each selected system / equipment, verification of the complete RCM process regarding:

¢ consistency with the Operator RCM methodology

e completeness of equipment considered in the system (including controls, instrumentation and protective devices)
e completeness of considered failure modes

e completeness and consistency of assigned maintenance strategy, assigned maintenance tasks and intervals with Failure
Mode characteristics, criticality and related reliability data

e cross-references with the Maintenance Plan.

Carry out a review of the Maintenance Plan: for most critical systems / equipment and class machinery items, verification that
the submitted maintenance plan lists some typical maintenance tasks that would be expected for the relevant item from
manufacturers’ instructions, under any maintenance regime. These would include, but may not be limited to:

¢ equipment performance checks

¢ standard condition monitoring checks (vibrations, lubricant analysis, electrical characteristics, thermography, etc.)
e inspections of components liable to wear or other age related degradation, i.e., fouling

e periodic tests of instrumentation and protective devices.

For most critical systems / equipment and/or class machinery items, where typical tasks have not been found in the submitted
maintenance plan, review the RCM study for justification.

Review any inconsistencies in maintenance task intervals included in the submitted maintenance plan.

2.3 STAR-MACH SIS

2.3.1 The procedure for the assignment of a STAR-MACH SIS notation to a ship, on receipt of the documents listed in [2.1]
regarding systems mentioned in [1.3], is as follows:

a) The Society performs a documentation technical review of the RCM study, as described in [2.2.2], in order to approve the
Maintenance Plan.
On a case by case basis, if the RCM study is not documented, the Society can carry out a RCM study, based on the submitted
documentation, in order to approve the Maintenance Plan.

b) An Implementation survey is carried out, on board the ship, as per the implementation survey performed in the scope of the
Planned Maintenance Survey System described in Pt A, Ch 2, App 1, [5.1].

c) On approval of the maintenance plan and completion of the Implementation survey, the STAR-MACH SIS notation is
assigned.
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Section 3 Star-Regas

1 General

1.1 Application

1.1.1 The additional class notation STAR-REGAS is assigned, after construction, to liquefied gas carriers assigned with the
additional service feature REGAS (with or without STL-SPM) and complying with the requirements of this Section in accordance
with Pt A, Ch 1, Sec 2. No requirements are provided for the maintenance of this notation during the ship’s service life.

1.2 Scope

1.2.1 The scope of the STAR-REGAS notation is limited to the regasification installation, its associated systems and the send out
systems. A typical list of systems covered by this additional class notation is presented below:
¢ regasification system

¢ send out system (HP gas manifold and/or Submerged Turret Loading system)

¢ heating system

® inert gas system

¢ ventand relief system

e automation

¢ fire and gas detection system for regasification and send out areas

¢ fire-fighting systems for regasification and send out areas

¢ electricity production and distribution for regasification and send out

e compressed air system for regasification and send out.

1.3 Objectives
1.3.1 The additional class notation STAR-REGAS is assigned to a liquefied gas carrier in order to reflect that a RCM study (see

Ch 1, Sec 2, [1.2.1] and Ch 1, Sec 2, [1.2.4]) has been performed for the regasification installation and its associated systems, in
order to support and validate the maintenance plan in the operating context.

2 Assignment of the notation

2.1 Documentation to be submitted
2.1.1 The documentation listed in Tab 1 is to be submitted.

Table 1 : Documentation to be submitted for the additional class notation STAR-REGAS

No. | A/l (1) Documentation Particulars
1 A Maintenance Plan Including information detailed in Ch 1, Sec 2, [2.1.3]
2 | RCM study documentation See Ch 1, Sec 2, [2.1.2]

For each system:

* master equipment list

e system drawings

D . e specifications and operational description of systems / components

ocumentation for the systems ; . . .

listed in [1.2.1] e equipment operation and maintenance manuals, on a case by case basis

e attestation from the operator stating that there are no design changes foreseen
in the next 5 years at the date of the application for the STAR-REGAS notation

¢ historical data of equipment maintenance and failures (if any), see Ch 1, Sec
2,[2.1.4]

(1) A: to be submitted for approval; I: to be submitted for information
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2.2 STAR-REGAS

2.2.1 The procedure for the assignment of a STAR-REGAS notation to a liquefied gas carrier, on receipt of the documents listed
in [2.1.1] regarding systems mentioned in [1.2] is as follows:

a) the Society performs a documentation technical review of the RCM study, as described in Ch 1, Sec 2, [2.2.2], in order to
approve the Maintenance Plan.

On a case by case basis, if the RCM study is not documented, the Society can carry out the RCM study, based on the submitted
documentation, in order to approve the Maintenance Plan.

b) On approval of the maintenance plan, the STAR-REGAS notation is assigned.
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Section 4 Star-Cargo

1 General

1.1 Application
1.1.1 The additional class notation STAR-CARGO is assigned, after construction, to ships liable to carry cargoes (i.e cargo ships,

bulk carriers, combination carriers, gas carriers, tankers, chemical tankers, oil tankers or other ships as relevant) complying with
the requirements of this Section in accordance with Pt A, Ch 1, Sec 2, [4].

No requirements are provided for the maintenance of this notation during the ship’s service life.

1.2 Scope

1.2.1 The scope of the STAR-CARGO notation is limited to the cargo handling installation and its associated systems, excluding
structural elements part of cargo tanks and containment system.

1.3 Objectives

1.3.1 The additional class notation STAR-CARGO is assigned to a ship in order to reflect that a RCM study (see Ch 1, Sec 2,
[1.2.1] and Ch 1, Sec 2, [1.2.4]), has been performed for the cargo handling installation and its associated systems in order to
support and validate the maintenance plan in the operating context.

2 Assignment of the notation

2.1 Documentation to be submitted
2.1.1 The documentation listed in Tab 1 is to be submitted.

Table 1 : Documentation to be submitted for additional the class notation STAR-CARGO

No. | A/l (1) Documentation Particulars
1 A Maintenance Plan Including information detailed in Ch 1, Sec 2, [2.1.3]
2 | RCM study documentation See Ch 1, Sec 2, [2.1.2]

For each system:

e master equipment list

e system drawings

, | Documentation for the systems : Zpec.iﬁcations and.operationa.l description of systems / components .

listed in [1.2.1] quipment operation and maintenance manuals, on a case by case basis

e attestation from the operator stating that there are no design changes foreseen
in the next 5 years at the date of the application for the STAR-CARGO notation

¢ historical data of equipment maintenance and failures (if any), see Ch 1, Sec
2,[2.1.4].

(1) A: to be submitted for approval; I: to be submitted for information

2.2 STAR-CARGO
2.2.1 The procedure for the assignment of a STAR-CARGO notation to a ship, on receipt of the documents listed in [2.1.1]
regarding systems mentioned in [1.2], is as follows:

a) The Society performs a documentation technical review of the RCM study, as described in Ch 1, Sec 2, [2.2.2], in order to
approve the Maintenance Plan.

On a case by case basis, if the RCM study is not documented, the Society can carry out the RCM study, based on the submitted
documentation, in order to approve the Maintenance Plan.

b) On approval of the maintenance plan, the STAR-CARGO notation is assigned.
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Appendix 1 Owner’s Hull Inspection Reports

1 General

11

1.1.1  Application

As stated in Ch 1, Sec 1, inspection reports are to be prepared by the Owner’s person responsible each time an inspection is
carried out within the scope of the Inspection and Maintenance Plan. Two models of inspection report are provided for this
purpose:

¢ one model for inspection of spaces (applicable to inspection of deck area structure, ballast tanks, dry cargo holds and spaces,
superstructures and other accessible compartments)

¢ one model for inspection of hull equipment (applicable to hatch covers and small hatches, deck equipment, sea connections
and overboard discharges).

One separate inspection report is to be issued for each different space or equipment inspected.

1.1.2 Use of models

The Owner is to adapt these models, so far as practicable and appropriate, to the ship concerned, the spaces to be inspected and
the existing equipment. However, the general content of the report and its layout are to comply with the models.

2 Report for inspection of spaces

2.1 General
2.1.1 The model of Owner’s report for space inspection is given in Tab 1.

2.1.2 The report is divided into four parts:

¢ general identification data

¢ summary of findings and repairs for the different areas of the space and for the fittings in this space
¢ details of findings and repairs, as applicable

¢ additional documentation attached to the report.

2.2 ldentification data

2.2.1 The identification data are to give the information about the space inspected, date and place of inspection and name of
the person under whose responsibility the inspection has been carried out.

2.2.2 The identification of the space is to be such that:

e itis easy to trace the space concerned, in particular in cases where several identical spaces exist on the ship

¢ the same identification is used for the subsequent inspection reports pertaining to the same space.

2.3 Summary of findings and repairs

2.3.1 Each space inspected is divided into items corresponding to:
¢ the different boundaries of the space
¢ the internal structure of the space

e the fittings of the space.

For better understanding, the second column of the table may be used to clarify which elements belong to each item or which
fittings are concerned.
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2.3.2 For each item, as applicable, the summary table is to give a general answer to the findings and to the possible repairs made.

¢ When coating condition is concerned, the answer is to be either “no coating”, or “good”, or “fair”, or “poor”, as per the
definition of such conditions given in Pt A, Ch 2, Sec 2.

¢ Anode condition is to be answered by giving an estimated average loss of weight as a percentage, bearing in mind the
acceptance criteria given in Ch 1, Sec 1.

¢ The other columns (fractures, general corrosion, pitting/grooving, deformations, repairs) are to be answered “yes” or “no”

depending on whether or not such defect/repair has been found/performed.

e The column “other” is to be used to indicate whether another type of inspection has been carried out, such as thickness
measurement, pressure test or working test.

Table 1 : Owner’s report for space inspection

’
’

Person responsible:

Date of inspection: Place of inspection:
Name of ship: Register number:
Name and type of space: Location (port/stbd, from frame ... to frame ...):
Structure area, Itemsinthe | Coating/ Fractures General Pitting or | Deformatio Repairs Other
fittings area anode corrosion grooving ns
condition
Top
Bottom
Port side
Stbd side

Forward bulkhead

Aft bulkhead

Internal structure

Fittings

Findings during inspection: (location, type, details) Action taken: required repair, temporary repair, permanent repair
(location, type and extent)

Other documentation attached to the report :
sketches [ 1, photos [ 1, thickness measurementreport [ 1, other [ ]
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2.4 Details of findings and repairs

2.4.1 Each time the answer in the summary table is “poor” for coating, or “yes” for other topics, this part of the report is to be
used to give details on the findings, defects or repairs concerned.

2.4.2 As guidance, the following details are to be given:
e for coating found in poor condition:
structural elements concerned, type of coating defect (breakdown, hard scale)
¢ for fractures:
location of fractures, dimension, number of identical fractures
e for general corrosion:

structural elements concerned, extent of wastage on these elements, estimation of wastage (if thickness measurements have
been taken)

e for pitting/grooving:
structural elements concerned and location, depth of pitting/grooving, percentage of affected surface using diagrams in
Appendix 5, length of grooving

e for deformations:
type of deformation (buckling, external cause), location of the deformation and structural elements concerned, estimation of
size

o for repairs (if performed without the attendance of a Surveyor, when this is possible or acceptable):
type of repairs, elements or areas concerned.

2.5 Attached documentation

2.5.1 Itis recommended that the report is supported by attaching sketches, photos, the thickness measurement report or other
documentation, when this is deemed necessary to clarify the findings and/or repairs given in the detailed part.

For example:

¢ photos may be used to show the condition of the coating and anodes, the extent of general corrosion, pitting and grooving,
or the appearance and extent of fractures

¢ sketches may be used to indicate fractures, deformations and repairs, especially when a photo cannot encompass the whole
image and give a complete representation.

3 Report for inspection of equipment

3.1 General
3.1.1 The model of Owner’s report for equipment inspection is given in Tab 2.

3.1.2 The report is divided into three parts:

¢ general identification data

¢ detailed report of findings and repairs

¢ additional documentation attached to the report.

3.2 ldentification data

3.2.1 The identification data are to give the information about the equipment inspected, date and place of inspection and name
of the person under whose responsibility the inspection has been carried out.

3.2.2 The identification of the equipment is to be such that:

e itis easy to trace the item of equipment concerned, in particular in cases where several identical items of equipment exist on
the ship

¢ the same identification is used for the subsequent inspection reports pertaining to the same item of equipment.

3.3 Detailed report

3.3.1 The detailed report of inspection is divided into three parts:
¢ inspection done:
- the type of inspection carried out:
visual external examination, internal examination after dismantling, overhaul
- readings performed, when applicable:
clearances, thickness measurements, working pressure, or other working parameters of the equipment
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- findings during the inspection:
corrosion, fractures, pieces of equipment worn out, broken or missing.
¢ maintenance done, repairs carried out and pieces renewed

e results of tests performed after the inspection, such as working test, pressure test, hose test or equivalent for hatch covers or
other weathertight fittings, sea trials.

3.4 Attached documentation

3.4.1 Itis recommended that the report is supported by attaching sketches, photos, the thickness measurement report or other
documentation, when this is deemed necessary to clarify the findings and/or repairs given in the detailed part.

For example:

¢ photos may be used to show the condition of the pieces of equipment before their overhaul or renewal, the coating condition
of piping, or the extent of corrosion

¢ sketches may be used to indicate fractures and deformations, clearances taken, or other measurements performed.

Table 2 : Owner’s report for equipment inspection

Person responsible:

Date of inspection: Place of inspection:
Name of ship: Register number:
Name and type of equipment: Location (port/stbd, at frame ..., ...):

Type of inspection, findings and readings:

Repairs, maintenance, pieces renewed:

Working tests, pressure test, trials, ... :

Other documentation attached to the report :
sketches [ 1, photos [ 1, thickness measurementreport [ 1, other [ |
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Section 3 Independent Propulsion Systems (AVM-IPS)

Section 4 Fire Mitigation for Main Diesel-Generator Rooms (AVM-FIRE)
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Section 1 Alternative Propulsion System (AVM-APS)

1 General

1.1 Application

1.1.1 The additional class notation AVM-APS is assigned in accordance with Pt A, Ch 1, Sec 2, [6.3.2] to self propelled ships
arranged with means for alternative propulsion system complying with the requirements of this Section.

1.1.2 Installation of machinery and electrical systems is to comply with relevant provisions of Part C.

1.1.3 The alternative propulsion system is an arrangement of machinery suitable to maintain the ship in operating condition in
case of loss of the main propulsion system.

The alternative propulsion system may be used either to allow the ship to reach the first suitable port or place of refuge, or to
escape from severe environment, allowing minimum services for navigation, safety, preservation of cargo and habitability.

1.1.4 Alternative propulsion system is to be designed for permanent operation with unrestricted working duration.

1.2 Definitions

1.2.1 Main propulsion system

The main propulsion system is a system that provides thrust to the ship in normal condition of operation. It includes:
¢ the prime mover, including the integral equipment, driven pumps, etc.

¢ the equipment intended to transmit the torque

¢ the propulsion electric motor, where applicable

¢ the equipment intended to convert the torque into thrust

¢ the auxiliary systems necessary for operation

¢ the control, monitoring and safety systems.

1.2.2 Alternative propulsion system

The alternative propulsion system is a system that provides thrust of the ship in emergency conditions, when the main propulsion
system becomes unavailable after a failure. It may be supplied either by a stand-by emergency engine or electric motor, or by a
shaft generator, provided it has been designed for readily reversible operation as propulsion motor, in the case of loss of the main
engine.

The alternative propulsion system also includes the following associated systems:

¢ the equipment intended to convert the torque into thrust

¢ the auxiliary systems necessary for operation

¢ the control, monitoring and safety systems.

1.2.3 Propulsion auxiliary systems
Propulsion auxiliary systems include all the systems that are necessary for the normal operation of a propulsion system. It includes
or may include:

e the fuel oil supply system from and including the service tanks (see Note 1)
¢ the lubricating oil systems serving the engines, the gearbox, the shaftline bearings, the stern tube, etc. (see Note 2)

¢ the hydraulic oil systems for operating clutches, controllable pitch propellers, waterjet reverse deflectors, starting systems,
etc.

¢ the fresh water cooling systems serving any component of the propulsion system or used for cooling the fuel oil circuits, the
lubricating oil circuits, the hydraulic oil circuits, etc.

¢ the sea water cooling systems used for cooling any component of the propulsion system or any of the afore-mentioned
systems

¢ the heating systems (using electricity, steam or thermal fluids)

¢ the starting systems (air, electrical, hydraulic)

¢ the power supply (air, electrical, hydraulic)

* the control, monitoring and safety systems

¢ the ventilation installation where necessary (e.g. to supply combustion air or cooling air to the primer movers).

Note 1: The fuel oil filling, transfer and purifying systems are not included.
Note 2: The lubricating oil filling, transfer and purifying systems are not inc2luded.
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1.2.4 Safety systems

Safety systems include all the systems that are necessary for the safety of the ship operation. They include:

¢ fire fighting systems

¢ bilge system

* communication systems

¢ navigation lights

¢ life-saving appliances

* machinery safety systems which prevent of any situation leading to fire or catastrophic damage.

1.25 Active components

Active component means the prime mover of the main propulsion and any component of propulsion auxiliary systems that
transmits or transfers energy by mechanical, thermal or chemical means such as fans, pumps, heat exchangers or compressors,
including their monitoring and control systems.

Gears, shafts, propeller, pipes, manually controlled valves and tanks are not to be considered as active components.

Electric cables are to be considered as active components.

1.2.6 System failure

A system failure means any failure of an active component which is necessary for the operation of a propulsion system or power
generation plant, including their auxiliary systems.

Only a single failure of the active components of the systems defined in [1.2.1] to [1.2.4] needs to be considered.

1.2.7 Essential components

Essential components include pumps, heat exchangers, valve actuators, and electrical type approved components, as required
in PtC, Ch 2, Sec 1, [4.1.1].

1.3 Documentation to be submitted

1.3.1 The documentation listed in Tab 1 is to be submitted.

Table 1 : Documentation to be submitted for AVM-APS

No. | A/l (1) Documentation Particulars
1 | Electrical load balance Including alternative propulsion system conditions
2 | Machinery spaces general arrangement of the
alternative propulsion system
3 A | Diagrams of fuel oil system
4 A Diagram of cooling system
5 A Diagram lubricating system
6 A Diagram starting air system
7 A Description of the alternative propulsion system
and interface with main propulsion system
8 A | Torsional vibration calculation in alternative
propulsion mode
9 | Arisk analysis demonstrating the availability of the | ® See [1.2.6] for definition of single failure
operating conditions in case of a single failure  This analysis may be in the form of a Failure Mode and
Effect Analysis (FMEA), unless the actual arrangement of the
machinery and equipment is quite simple and sufficient
operating experience can be demonstrated such as to make
unlike the possibility of consequence failure in the case of a
single failure. In such a case the Society may consider to
accept a functional description of system in lieu of the
requested analysis.
10 | An operating manual with the description of the | See [1.2.6] for definition of single failure
operations necessary to recover the propulsion
and essential services in case of a single failure

(1) A: to be submitted for approval ; I: to be submitted for information
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2 General design requirements

2.1 Principle

2.1.1 Ships assigned the additional class notation AVM-APS are to be fitted with:
¢ at least one main propulsion systems as defined in [1.2.1]

¢ at least one alternative propulsion system, as defined in [1.2.2], so designed and arranged that, in case of any failure as
defined in [1.2.6] affecting the main propulsion system or its auxiliary services, there remain sufficient propulsion to operate
the ship in safe conditions, as defined in [2.2.1]

¢ an electrical power plant so designed that in case of any failure, as defined in [1.2.6] in the plant, there remains enough
electrical power to maintain simultaneously:

- sufficient propulsion and steering capability to operate the ship in safe conditions, as defined in [2.2.1]

- the availability of safety systems.

2.1.2 Compliance with requirements [2.1.1]above is to be demonstrated by a risk analysis.

2.2 Alternative propulsion machinery

2.2.1 The alternative propulsion machinery is to be so arranged that, in case the main propulsion system becomes inoperative,
the propulsion power of the ship remains available or can be recovered, allowing the ship to proceed at a speed of not less than
7 knots assuming that:

e the ship is fully laden

¢ normal weather conditions: BF 5.

2.2.2 The auxiliary systems serving the main propulsion and the alternative propulsion systems may have common components,
be arranged for possible interconnection or serve other systems on board the ship provided that in case of any single failure

affecting those systems, not more than one of the main or auxiliary propulsion systems is disabled. This is to be substantiated by
the risk analysis.

3 Special arrangements

3.1 Propulsion system

3.1.1 Change-over from main propulsion to auxiliary propulsion

The alternative propulsion system is to be capable of being brought into operation within 30 mn after the loss of the main
propulsion system.

Means are to be provided to protect the crew from any risk of injury during the change-over procedure from main propulsion to
auxiliary propulsion.

Where necessary, arrangements are to be made to:
¢ prevent any inadvertent starting of the engine

¢ maintain the shafting in locked position.

3.1.2 Automation
a) The alternative propulsion system is to be integrated with any automation system installed on board.

b) In case the alternative propulsion system is electrical, the automation system of electrical motor is to be suitable for the
electrical propulsion plant.

3.2 Systems for cooling, lubrication, fuel supply, air starting, monitoring and control

3.2.1 Cooling system

The circuit for the main engine may be used provided that it can be operated with the part relative to the main engine itself being
cut off.

3.2.2 Lubrication system

The lubrication oil system of the alternative propulsion system is to be independent of the main engine one.

Where the a gear box is used for both main and auxiliary propulsions, its lubricating oil system is to be independent of the main
engine one.
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3.2.3 Fuel oil system
The circuit for the main engine may be used provided that:
a) Proper operation is ensured with the part relative to the main engine itself being cut off

b) The alternative propulsion system is to be supplied from a least two service tanks and two storage tanks. Means and
procedures are to be provided to periodically equalize the content on each storage tank and on each service tank during the
consumption of the fuel.

3.2.4  Air starting system

If applicable, the circuit for the main engine may be used provided that proper operation is ensured with the part relative to the
main engine itself being cut off.

3.25 Monitoring and control system

Monitoring and control systems of alternative propulsion system are to be independent of that for the main engine (see also
[3.1.2]).

3.3 Electrical installations

3.3.1 Single failure leading to the loss of more than one generating set at one time may be accepted, provided the FMEA
demonstrates that, after the failure, enough power still remains available to operate the ship under the conditions stated in [2.2.1]
without any stand-by generating set still available.

3.3.2 The electrical power available is to be sufficient to withstand starting of the heaviest consumer without impairing the
electrical distribution balance. Arrangement are to be made to avoid any untimely overload.

The recourse to the capacity of emergency source is not to be considered.

3.3.3 Electrical stand-by pumps may not be considered in the electrical load balance during alternative propulsion mode
operation.

3.3.4 Main switchboard is to be automatically separable in two sections.

Where a failure occurs on one section of the main switchboard, the remaining section is to be able to supply the services
indicated in [1.2.1].

4 Tests on board

4.1 Operational tests

4.1.1 The alternative propulsion system is to be subjected to the operational tests required by the Rules for similar systems.

4.2 Seatrials

4.2.1 The alternative propulsion system is to undergo the following tests during the sea trials:
e Test required by the risk analysis conclusions and, where deemed necessary, simulation of certain single failures.

¢ The values of the power and speed developed by the alternative propulsion system are to be recorded, as well as the electrical
consumption.

¢ An activation test to demonstrate the propulsion mode changeover and corresponding time to operate as indicated in [3.1.1].
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Section 2 Duplicated Propulsion System (AVM-DPS)

1 General

1.1 Application

1.1.1 The additional class notation AVM-DPS is assigned in accordance with Pt A, Ch 1, Sec 2, [6.3.3] to ships arranged with
redundant propulsion and steering installations complying with the requirements of this Section.

1.1.2 Machinery, electrical installation and automation are to comply with the relevant provisions of Part C.

1.1.3 The additional suffix P may be added to the additional class notation AVM-DPS when all components as defined in [1.2.6],
item b) are included in the definition of system failure.

1.1.4 The additional suffix NS may be added to the additional class notation AVM-DPS when the ship is intended for normal
operation with one propulsion system out of service and designed in accordance with the provisions of [4]. The availability of
electric production is not covered by this additional suffix.

1.2 Definitions

1.2.1 Propulsion system

A propulsion system is a system that provides thrust to the ship. It includes:
¢ the prime mover, including the integral equipment, driven pumps, etc.
¢ the equipment intended to transmit the torque

* the propulsion electric motor, where applicable

¢ the equipment intended to convert the torque into thrust

¢ the auxiliary systems necessary for operation

¢ the control, monitoring and safety systems.

1.2.2 Steering system

A steering system is a system that controls the heading of the ship. It includes
¢ the power actuating system

¢ the equipment intended to transmit the torque to the steering device

¢ the steering device (e.g. rudder, rotatable thruster, waterjet steering deflector, etc.).

1.2.3 Propulsion auxiliary systems

Propulsion auxiliary systems include all the systems that are necessary for the normal operation of a propulsion system. It includes
or may include:

¢ the fuel oil supply system from and including the service tanks

Note 1: The fuel oil filling, transfer and purifying systems are not included.

¢ the lubricating oil systems serving the engines, the gearbox, the shaftline bearings, the stern tube, etc.
Note 2: The lubricating oil filling, transfer and purifying systems are not included.

¢ the hydraulic oil systems for operating clutches, controllable pitch propellers, waterjet reverse deflectors, starting systems,
etc.

¢ the fresh water cooling systems serving any component of the propulsion system or used for cooling the fuel oil circuits, the
lubricating oil circuits, the hydraulic oil circuits, etc.

¢ the sea water cooling systems used for cooling any component of the propulsion system or any of the afore-mentioned
systems,

¢ the heating systems (using electricity, steam or thermal fluids)
¢ the starting systems (air, electrical, hydraulic)

¢ the power supply (air, electrical, hydraulic)

* the control, monitoring and safety systems

¢ the ventilation installation where necessary (e.g. to supply combustion air or cooling air to the primer movers).
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1.2.4 Steering auxiliary systems

Steering auxiliary systems include all the systems that are necessary for the normal operation of a steering system. It includes or
may include:

¢ the fresh water cooling systems
¢ the sea water cooling systems
e the power supply (air, electrical, hydraulic)

¢ the control, monitoring and safety systems.

1.25 Safety systems

Safety systems include all the systems that are necessary for the safety of the ship operation. They include:
¢ fire fighting systems

¢ bilge system

® communication systems

* navigation lights

¢ life-saving appliances

¢ machinery safety systems which prevent of any situation leading to fire or catastrophic damage

1.2.6 System failure

a) A system failure means any failure of any component of a propulsion system, steering system or power generation plant,
including their auxiliary and control systems.

Components such as pipes, manually controlled valves and tanks are not to be considered. Electric cables are to be
considered.

b) Inaddition to the requirements of item a), when the additional suffix /P is to be assigned, components such as pipes, manually
controlled valves, tanks are to be considered.

Only single failure needs to be considered.

1.2.7 Essential components

Essential components include pumps, heat exchangers, valve actuators, and electrical type approved components, as required
in PtC, Ch 2, Sec 1, [4.1.1].

1.3 Documentation to be submitted
1.3.1 The documentation listed in Tab 1 is to be submitted.

Table 1 : Documentation to be submitted for AVM-DPS

No. | A/l (1) Documentation Particulars

1 | Electrical load balance Including one of the propulsion system out of service

2 | Machinery spaces general arrangement of duplicated
propulsion system steering systems and main electrical
components

Diagram of fuel oil system

Diagram of lubricating system

Diagram of hydraulic oil systems

Diagram of sea water cooling systems

Diagram of fresh water cooling systems

Diagram of heating systems

Diagram of starting air system

Diagram of control air system

Diagram of steering system

> > > > > > > > > >

Single line diagrams of main electrical distribution
system

13 A Description of the duplicated propulsion system

(1) A: to be submitted for approval ; I: to be submitted for information
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No. | A/l (1) Documentation Particulars
14 | A risk analysis demonstrating the availability of the e See [2.2.1] for description of the operating condition
operating conditions in case of a single failure e See Ch2, Sec 1, [1.2.6] for definition of single failure

e Therisk analysis may be in the form of a Failure Mode
and Effect Analysis (FMEA). Ch 2, App 1 describes an
acceptable procedure for carrying out the FMEA.

15 | An operating manual with the description of the See [2.1.1]
operations necessary to recover the propulsion, steering
and safety systems in case of a single failure

(1) A: to be submitted for approval ; I: to be submitted for information

2 General design requirements

2.1 Principle

2.1.1 Ships assigned the additional class notation AVM-DPS are to be fitted with:

¢ atleast two propulsion systems and two steering systems so designed and arranged that, in case of any failure as defined in
[1.2.6] affecting such systems or their auxiliary services, there remains sufficient propulsion and steering capabilities to
operate the ship in safe conditions, as defined in [2.2.1]

¢ an electrical power plant so designed that in case of any failure as defined in [1.2.6] in the plant, there remains enough
electrical power to maintain simultaneously:

- sufficient propulsion and steering capability to operate the ship in safe conditions, as defined in [2.2.1]
- the availability of safety systems.
2.1.2 The loss of one compartment due to fire or flooding is not to be considered as a failure. Accordingly, the propulsion systems

and/or their auxiliary systems or components thereof may be installed in the same compartment. This also applies to the steering
systems and the electrical power plant.

2.1.3 Compliance with requirements [2.1.1] above is to be demonstrated by a risk analysis.

2.2 Propulsion machinery

2.2.1 The propulsion machinery is to consist of at least two mechanically independent propulsion systems so arranged that, in
case one propulsion system becomes inoperative, at least 50% of the propulsion power of the ship remains available and allows
the ship to proceed at a speed of not less than 7 knots assuming that:

e the ship is fully laden

e normal weather conditions: BF 5

Note 1: Propulsion power means the total maximum continuous rated output power in kilowatts of all the ship’s main propulsion machinery
which appears on the ship’s certificate of registry or other official document.

2.2.2 The auxiliary systems serving the propulsion systems may have common components, be arranged for possible
interconnection or serve other systems on board the ship provided that in case of any single failure affecting those systems, not
more than one propulsion system is disabled. This is to be substantiated by the risk analysis.

2.2.3  Where a propulsion system becomes inoperative due to a failure as indicated in [2.2.2] above, the following conditions
are to be satisfied:

e other propulsion systems that were in operation before the failure are not to be affected by the failure. In particular there
should be no significant modification of the power or rotational speed of the concerned prime mover

¢ other propulsion systems that were not in operation before the failure are to be maintained available (heating and
prelubrication) so as to allow restarting of a propulsion system within 45 seconds after the failure.

Note 1: The blackout recovery time is excluded, however restarting time for propulsion system in case of blackout is not to exceed 120 seconds.

¢ safety precautions for the failed propulsion system are to be taken, such as shaft blocking.

This is to be demonstrated during the sea trials.
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2.3 Steering machinery

2.3.1 The steering machinery is to consist of at least two independent steering systems, each one complying with the following
provisions:

e PtC,ChT,Sec 14, [2]in the case of a standard arrangement with rudder and steering gear, and in particular the requirement
of Pt C, Ch 1, Sec 14, [2.2.1] relating to the performance of the steering gear

e PtC,Ch1, Sec 14, [4] in the case of rotatable thrusters.

Note 1: Other types of combined propulsion and steering systems (such as waterjets or cycloidal propellers) will be given special consideration.

2.3.2 The steering systems are to be so designed and arranged that in case of any failure, as defined in Ch 2, Sec 2, in the systems
or in the associated auxiliary systems (cooling systems, electrical power supply, control system, etc.) not more than one steering
system is disabled, thus allowing the steering capability to be continuously maintained. This is to be substantiated by the risk
analysis.

3 Specific design requirements

3.1 Steering systems

3.1.1 Synchronising system
The steering capability of the ship is to be maintained in case of failure of the synchronising system required by the Rules, Pt C,
Ch 1, Sec 14, [3.2], without stopping.

3.2 Electrical installations

3.2.1 Single failure leading to the loss of more than one generating set at one time may be accepted, provided the FMEA
demonstrates that, after the failure, enough power still remains available to operate the ship under the conditions stated in [2.2.1]
without any stand-by generating set still available.

The recourse to the capacity of emergency source is not to be considered.

3.2.2 The main switchboard is to be automatically separable in two sections.The switchboard is to be arranged with all circuits
properly distributed between these sections.

Where a failure occurs on one section of the main switchboard, the remaining section is to be able to supply the services defined
in [1.2.1] to [1.2.5].

3.3 Automation

3.3.1 The automation system is to be arranged in such a way that a single failure of the control system may lead to the loss of
one propulsion system only.

4 Additional requirements for ships having the notation AVM-DPS/P or AVM-DPS/NS or
AVM-DPS/P/NS

4.1 Propulsion machinery

4.1.1 Each propulsion system fitted to ships having the notation AVM-DPS/NS or AVM-DPS/P/NS is to be so designed that in
case of failure of an essential component affecting the following systems:

e fuel oil supply system

e |ubricating oil system

* sea water and fresh water cooling systems
e starting air system

e control air system

e control, monitoring and safety systems

¢ ventilation of machinery spaces

¢ fuel oil transfer system

e fuel oil storage tanks.

The operation of the propulsion system can be sustained or speedily restored without any power limitation.

4.1.2 Oil fuel storage and transfer systems

In addition to the requirements of Article [2], when the additional suffix /P is to be assigned, at least two storage tanks for each
type of fuel used by the propulsion engines and the generating sets are to be provided. Means and procedures are to be provided
to periodically equalize the content on each storage tank and on each service tank during the consumption of the fuel.
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4.1.3 Oil fuel supply lines
In addition to the requirements of [4.1.2], when the additional suffix /P is to be assigned, oil fuel supply from the service tank to
the propulsion machinery and to the electrical power plant is to be ensured by two separate lines.

4.2 Electrical installations

4.2.1 Electrical stand-by pumps are to be considered in the electrical load balance when NS notation suffix is granted.

5 Tests on board

5.1 Operating tests

5.1.1 The propulsion systems, steering system as well as the power generation plant are to be subjected to the tests required by
the Rules.

5.2 Seatrials

5.2.1 The propulsion machinery, steering machinery and the power generation plant are to undergo the following tests during
the sea trials:

¢ tests required by the risk analysis conclusions and, where deemed necessary, simulation of certain single failures

¢ the values of the power and speed developed by the propulsion prime movers under test are to be recorded, as well as the
electrical consumption.

¢ Tests with one propulsion system out of service, in order to verify the requirement [2.2.3].

Manoeuverability tests, as required by the risk analysis, may be performed only for the leader ship of a series of sister ships.
Note 1: The speed is to be recorded with one propulsion system out of service, in order to verify the speed criteria required in [2.2.1].
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Section 3 Independent Propulsion Systems
(AVM-IPS)

1 General

1.1 Application

1.1.1 The additional class notation AVM-IPS is assigned in accordance with Pt A, Ch 1, Sec 2, [6.3.4] to ships arranged with
independent propulsion and steering installations complying with the requirements of this Section.

1.1.2 Machinery, electrical installation and automation are to comply with the relevant provisions of Part C.

1.1.3 The additional suffix NS may be added to the additional class notation AVM-IPS when the ship is intended for normal
operation with one propulsion system out of service and designed in accordance with the provisions of Ch 2, Sec 2, [4]. The
availability of electric production is not covered by this additional suffix.

1.2 Definitions

1.2.1 Propulsion system

A propulsion system is a system that provides thrust to the ship. It includes:
¢ the prime mover, including the integral equipment, driven pumps, etc.
¢ the equipment intended to transmit the torque

* the propulsion electric motor, where applicable

¢ the equipment intended to convert the torque into thrust

¢ the auxiliary systems necessary for operation

¢ the control, monitoring and safety systems.

1.2.2 Steering system

A steering system is a system that controls the heading of the ship. It includes
¢ the power actuating system

¢ the equipment intended to transmit the torque to the steering device

¢ the steering device (e.g. rudder, rotatable thruster, waterjet steering deflector, etc.).

1.2.3 Propulsion auxiliary systems

Propulsion auxiliary systems include all the systems that are necessary for the normal operation of a propulsion system. It includes
or may include:

¢ the fuel oil supply system from and including the service tanks, and the parts of the filling, transfer and purifying systems
located in machinery spaces

¢ the lubricating oil systems serving the engines, the gearbox, the shaftline bearings, the stern tube, etc., and the parts of the
lubricating oil filling, transfer and purifying systems located in machinery spaces

¢ the hydraulic oil systems for operating clutches, controllable pitch propellers, waterjet reverse deflectors, starting systems,
etc.

¢ the fresh water cooling systems serving any component of the propulsion system or used for cooling the fuel oil circuits, the
lubricating oil circuits, the hydraulic oil circuits, etc

¢ the sea water cooling systems used for cooling any component of the propulsion system or any of the afore-mentioned
systems

¢ the heating systems (using electricity, steam or thermal fluids)
¢ the starting systems (air, electrical, hydraulic)

¢ the control air systems

¢ the power supply (air, electrical, hydraulic)

¢ the control, monitoring and safety systems

¢ the ventilation installation where necessary (e.g. to supply combustion air or cooling air to the primer movers).
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1.2.4 Steering auxiliary systems

Steering auxiliary systems include all the systems that are necessary for the normal operation of a steering system. It includes or
may include:

¢ the fresh water cooling systems

¢ the sea water cooling systems

¢ the control air systems

¢ the power supply (air, electrical, hydraulic)
¢ the control, monitoring and safety systems.

1.25 Safety systems

Safety systems include all the systems that are necessary for the safety of the ship operation. They include:
¢ fire fighting systems

¢ bilge system

* communication systems

¢ navigation lights

¢ life-saving appliances

¢ machinery safety systems which prevent of any situation leading to fire or catastrophic damage.

1.2.6 System failure
A system failure means any failure of any component of a propulsion system, steering system or power generation plant,
including their auxiliary and control systems.

Components such as pipes or electric cables are also to be considered.

Only single failure needs to be considered.

1.2.7 Fire and flooding casualty
Fire and flooding casualties are to be considered only in machinery spaces and limited to a single space.

1.2.8 Essential components

Essential components include pumps, heat exchangers, valve actuators, and electrical type approved components, as required
in PtC, Ch 2, Sec 1, [4.1.1].

1.2.9 Separate compartments
Separate compartments mean compartments which are separated by a fire and watertight bulkhead.

1.3 Documentation to be submitted
1.3.1 The documents listed in Tab 1 is to be submitted.

Table 1 : Documentation to be submitted for AVM-IPS

No. | A/l (1) Documentation Particulars

1 | Electrical load balance Including one of the propulsion system out of service

2 | Machinery spaces general arrangement of independent
propulsion system, steering systems and main electrical
components

Diagram of fuel oil system

Diagram of lubricating system

Diagram of hydraulic oil systems

Diagram of sea water cooling systems

Diagram of fresh water cooling systems

Diagram of heating systems

O 0| N| O |G| | W

Diagram of starting air system

—_
@]

Diagram of control air system

Diagram of steering system

> > > > > > > > > >

Single line diagrams of main electrical distribution
system

13 A Description of the independent propulsion system

(1) A: to be submitted for approval ; I: to be submitted for information
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No. | A/l (1) Documentation Particulars
14 | A risk analysis demonstrating the availability of the * See[2.1.4],[2.3.3] and [2.4.2]
concerned systems in case of a single failure e Therisk analysis may be in the form of a Failure Mode

and Effect Analysis (FMEA). Ch 2, App 1 describes an
acceptable procedure for carrying out the FMEA.

15 | An operating manual with the description of the See [2.1]
operations necessary to recover the propulsion, steering
and safety systems in case of a single failure

16 A Bulkhead arrangement of separate machinery spaces

(1) A: to be submitted for approval ; I: to be submitted for information

2 General design requirements

2.1 Principle

2.1.1 Ships assigned the additional class notation AVM-IPS are to comply with the provisions relevant to notation AVM-DPS/P,
as mentioned in Ch 2, Sec 2, [2.1.1].

2.1.2 In addition, in the event of fire or flooding casualty in the machinery spaces, the propulsion, steering and power generation
capabilities are to remain sufficient to operate the ship in safe conditions defined in [2.3.2].

2.1.3 Where a propulsion system becomes inoperative due to a fire or flooding casualty, other propulsion systems are not to be
affected by the casualty.

2.1.4 Compliance with requirements [2.1] and [2.1.2] above is to be demonstrated by a risk analysis.

2.2 Compartment arrangement
2.2.1 Separation bulkhead between machinery compartments is to be A60.

2.2.2 The separation bulkhead between two compartments are to be designed so as to withstand the maximum water level
expected after flooding.

2.2.3 The machinery control room is to be separated from all machinery spaces by A60 bulkhead.

2.2.4 The main switchboard is not to be located in the control room

2.3 Propulsion machinery

2.3.1 The propulsion machinery is to consist of at least two mechanically independent propulsion systems located in separate
compartments and so arranged that, in case one propulsion system becomes inoperative due to a system failure, at least 50% of
the propulsion power of the ship remains available and allows the ship to proceed at a speed of not less than 7 knots assuming
that:

¢ the ship is fully laden,

e normal weather conditions: BF 5

Note 1: Propulsion power means the total maximum continuous rated output power in kilowatts of all the ship’s main propulsion machinery
which appears on the ship’s certificate of registry or other official document

2.3.2 In case of a fire or a flooding casualty, sufficient propulsion power is to remain available to allow the ship to proceed at
speed of not less than 7 knots assuming that:

¢ the ship is fully laden,

¢ normal weather conditions: BF 5

2.3.3 The auxiliary systems serving the propulsion systems may have common components, be arranged for possible

interconnection or serve other systems on board the ship provided that in case of any single failure or fire or flooding casualty
affecting those systems, not more than one propulsion system is disabled. This is to be substantiated by the risk analysis.

Note 1: The risk analysis is to consider that any space containing a component of a propulsion system or auxiliary system thereof, as defined in
requirements [1.2.1] and [1.2.3] may be affected by a fire or flooding casualty.
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2.3.4 Where a propulsion system becomes inoperative due to a system failure, the following conditions are to be satisfied:

¢ other propulsion systems that were in operation before the failure are not to be affected by the failure. In particular there
should be no significant modification of the power or rotational speed of the concerned prime mover

e other propulsion systems that were not in operation before the failure are to be maintained available (heating and
prelubrication) so as to allow restarting of propulsion system within 45 seconds after the failure

¢ safety precaution for the failed propulsion system are to be taken, such as shaft blocking.

This is to be demonstrated during the sea trials.

2.4 Steering machinery

2.4.1 The steering machinery is to consist of at least two independent steering systems located in separate compartments, each
one complying with the following provisions of Pt C, Ch 1, Sec 14:

e PtC, Ch 1, Sec 14, [3] in the case of a standard arrangement with rudder and steering gear, and in particular Pt C, Ch 1, Sec
14, [2.2.1] thereof relating to the performance of the steering gear

e PtC,Ch1, Sec 14, [4] in the case of rotatable thrusters.

Note 1: Other types of combined propulsion and steering systems (such as waterjets or cycloidal propellers) will be given special consideration.

2.4.2 The steering systems are to be so designed and arranged that in case of:
e any single failure in a steering system or in the associated auxiliary systems as defined in [1.2.2] and [1.2.4]
e or fire or flooding casualty affecting one of concerned space

not more than one steering system is disabled, thus allowing the steering capability to be maintained. This is to be substantiated
by the risk analysis.

2.5 Electrical power plant

2.5.1 Electrical power plant, including main distribution system is to be arranged in separate compartments, so that in case of
fire or flooding casualty, the electrical power necessary to supply the systems defined in [1.2.1] to [1.2.5] remain available.

3 Specific design requirements

3.1 Propulsion machinery

3.1.1 OQil fuel storage and transfer systems

At least two storage tanks for each type of fuel used by the propulsion machinery and the electrical power plant are to be
provided. Means and procedures are to be provided to periodically equalize the content on each storage tank during the
consumption of the fuel.

3.1.2 OQil fuel service tanks and supply lines

Oil fuel service tanks are to be located in separate spaces and means and procedures are to be provided to periodically equalize
their content during the consumption of the fuel.

Oil fuel supply from each service tank to the propulsion machinery and to the electrical power plant is to be ensured by two
separate lines.

3.1.3 Oil fuel units

Oil fuel units serving the propulsion machinery and the electric power plant are to be distributed in two separate spaces so that
in case of fire in one of those spaces, the availability criteria set out in [2.1.2] are satisfied.

3.1.4 OQil fuel purifying system
Where provided, oil fuel purifiers are to be distributed in two separate spaces.

3.1.5 Ventilation system

The ventilation system is to be so designed and arranged that in case of fire in one machinery space accompanied with ventilation
stopping, the ventilation is to remain operative in other spaces, so that the availability criteria set out in [2.1.2] are satisfied.

3.2 Steering systems

3.2.1 Synchronising system

The steering capability of the ship is to be maintained in case of failure of the synchronising system required by the Rules, Pt C,
Ch 1, Sec 14, [3.2], without stopping.
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3.3 Electrical installations

3.3.1 Single failure and fire and flooding casualties leading to the loss of more than one generating set at one time may be
accepted, provided the FMEA demonstrates that, after the failure, enough power still remains available to operate the ship under
the conditions stated in [2.3.1] and [2.3.2] without any stand-by generating set still available.

The recourse to the capacity of emergency source is not to be considered.
3.3.2 The main switchboard is to be automatically separable in two sections distributed in independent spaces separated by

watertight and A60 fire resistant bulkheads.The switchboard is to be arranged with all circuits properly distributed between these
sections.

Where a failure occurs on one section of the main switchboard, the remaining section is to be able to supply the services
indicated in [1.2.1] to [1.2.5].

3.4 Automation

3.4.1 The automation system is to be arranged in such a way that a single failure of the control system, including fire and flooding
casualty, may lead to the loss of one propulsion system only.

3.4.2 Control stations of propulsion and steering system are to be arranged so as in case of fire or flooding casualty, the control
is still available.

4 Additional requirements for ships having the notation AVM-IPS/NS

4.1 Propulsion machinery

4.1.1 Each propulsion system fitted to ships having the notation AVM-IPS/NS is to be so designed that in case of failure of an
essential component affecting the following systems:

e fuel oil supply system

e lubricating oil system

* sea water and fresh water cooling systems

e starting air system

e control air system

e control, monitoring and safety systems

the operation of the propulsion system can be sustained or speedily restored without any power limitation.

4.2 Electrical installations

4.2.1 Electrical stand-by pumps are to be considered in the electrical load balance when NS notation suffix is granted.

5 Tests on board

5.1 Operating tests

5.1.1 Each propulsion systems, steering system as well as the power generation plant are to be subjected to the tests required by
the Rules.

5.2 Seatrials

5.2.1 The propulsion machinery, steering machinery and the power generation plant are to undergo the following tests during
the sea trials:

e tests required by the risk analysis conclusions and, where deemed necessary, simulation of certain single failures

¢ the values of the power and speed developed by the propulsion prime movers under test are to be recorded, as well as the
electrical consumption

¢ Tests with one propulsion system out of service, in order to verify the requirement [2.3.1].

Note 1: The speed is to be recorder with one propulsion system out of service, in order to verify the speed criteria required in [2.3.1].
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Section 4 Fire Mitigation for Main Diesel-Generator
Rooms (AVM-FIRE)

1 General

1.1 Application

1.1.1 The additional class notation AVM-FIRE is assigned in accordance with Pt A, Ch 1, Sec 2, [6.3.5] to self-propelled ships
arranged with means complying with the requirements of this Section for maintaining a minimum of propulsion, steering, and
habitability in case of fire.

1.1.2 Installation of machinery, electrical systems and automation is to comply with relevant provisions of Part C.

1.1.3 The additional class notation AVM-FIRE is assigned alone or in addition to the additional class notation AVM-APS or AVM-
DPS.

1.2 Definitions

1.2.1 Propulsion system

A propulsion system is a system that provides thrust to the ship. It includes:
e prime mover, including the integral equipment, driven pumps, etc

¢ equipment intended to transmit the torque

e propulsion electric motor, where applicable

¢ equipment intended to convert the torque into thrust

¢ auxiliary systems necessary for operation

¢ control, monitoring and safety systems.

1.2.2 Steering system

A steering system is a system that controls the heading of the ship. It includes:
* power actuating system

¢ equipment intended to transmit the torque to the steering device

¢ steering device (e.g. rudder, rotatable thruster, waterjet steering deflector, etc.).

1.2.3 Propulsion auxiliary systems

Propulsion auxiliary systems include all the systems that are necessary for the normal operation of a propulsion system.
Propulsion auxiliary systems include or may include:

¢ fuel oil supply system from, and including, the service tanks, and the parts of the filling, transfer and purifying systems located
in machinery spaces

¢ |ubricating oil systems serving the engines, the gearbox, the shaftline bearings, the stern tube, etc., and the parts of the
lubricating oil filling, transfer and purifying systems located in machinery spaces

¢ hydraulic oil systems for operating clutches, controllable pitch propellers, waterjet reverse deflectors, starting systems, etc

¢ fresh water cooling systems serving any component of the propulsion system or used for cooling the fuel oil circuits, the
lubricating oil circuits, the hydraulic oil circuits, etc

¢ sea water cooling systems used for cooling any component of the propulsion system or any of the aforementioned systems
¢ heating systems (using electricity, steam or thermal fluids)

e starting systems (air, electrical, hydraulic)

e control air systems

e power supply (air, electrical, hydraulic)

e control, monitoring and safety systems

¢ ventilation installation where necessary (e.g. to supply combustion air or cooling air to the primer movers).
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1.2.4 Steering auxiliary systems

Steering auxiliary systems include all the systems that are necessary for the normal operation of a steering system. Steering
auxiliary systems include or may include:

¢ fresh water cooling systems

® sea water cooling systems

e control air systems

e power supply (air, electrical, hydraulic)

¢ control, monitoring and safety systems.

1.25 Safety systems

Safety systems include all the systems that are necessary for the safety of the ship operation:
¢ fire fighting systems

¢ bilge system

e communication systems

* navigation lights

¢ life-saving appliances

¢ machinery safety systems which prevent any situation leading to fire or catastrophic damage.

1.2.6 Habitability services

Services considered necessary for crew and passenger areas habitability include:
® sanitary water

e toilets

¢ ventilation

e HVAC

¢ galley facility

® provision rooms systems

¢ lighting.

1.2.7 Fire casualty

Fire casualty is to be considered only in one main diesel-generator room and limited to this single space.
1.3 Documentation to be submitted

1.3.1 The documentation listed in Tab 1 is to be submitted.

Table 1 : Documentation to be submitted

No. | A/l (1) Documentation Particulars
1 | Electrical load balance Including main diesel-generator room out of
service
2 | Machinery spaces general arrangement of main diesel-generator | With main electrical components and cable
room routing

A | Single line diagrams of main electrical distribution system

4 | A risk analysis demonstrating the availability of the concerned e See|[2.1]

systems in case of fire in a main diesel-generator room e The risk analysis may be in the form of a
failure Mode and Effect analysis (FMEA). Ch
2, App 1 describes an acceptable procedure
for carrying out the FMEA

An operating manual with the description of the operations See [2.1]
5 I necessary to recover the propulsion, steering and safety systems
in case of fire in main diesel-generator room

Structural fire protection arrangement of main diesel-generator
rooms

6 A

(1) A:To be submitted for approval ; I: To be submitted for information
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2 General design requirements

2.1 Principle

2.1.1 Machinery is to be so designed and arranged that, in case of any fire casualty occurring in one main diesel-generator room
as defined in [1.2.7], sufficient operating functionality for propulsion, steering is still available as required in [2.3] and a minimum
of 50% of the habitability services as defined in [1.2.6] remain operative.

2.1.2 Control stations of propulsion and steering system are to be arranged so as, in case of fire casualty occurring in one main
diesel-generator rooms, the control of remaining propulsion and steering systems is still available.

2.1.3 Manual intervention may be accepted in order to make the systems available as required in [2.1.1] in the minimum
possible time. In general, feasibility of manual actions should be demonstrated by tests or drills.

2.1.4 Compliance with requirements [2.1.1] and [2.1.2] is to be demonstrated by a risk analysis.

2.2 Electrical power plant
2.2.1 Main diesel-generators are to be distributed between at least two engine rooms.

2.2.2 Main diesel-generators and the main distribution system are to be arranged so that, in case of fire in one main diesel-
generator room, the electrical power necessary to supply the systems defined in [1.2.1] to [1.2.6] remains available, in
accordance with the principles detailed in [2.1].

2.2.3 Single failure and fire casualties in one main diesel-generator room leading to the loss of more than one generating set at
one time may be accepted, provided that, after the failure, enough power still remains available to operate the ship under the
conditions stated in [2.3.1] and [2.3.2] without any stand-by generating set still available. The recourse to the capacity of
emergency source is not to be considered.

2.3 Propulsion and steering

2.3.1 In case of a fire casualty as defined in [1.2.7], sufficient propulsion power is to remain available to allow the ship to
proceed at speed of not less than 7 knots, assuming:

¢ the ship is fully loaded

e normal weather conditions: BF 5.

2.3.2 The steering systems are to be so designed and arranged that, in case of fire casualty as defined in [1.2.7], not more than
one steering system is disabled, thus allowing the steering capability to be continuously maintained.

2.4 Fire protection and detection
2.4.1 Each main diesel-generator room shall be surrounded by A60 bulkheads and overhead deck.

2.4.2 The fire detection might be lost only in the main diesel-generator room affected by the fire casualty and shall remain
operational in all other spaces.

3 Tests on board

3.1 Operating tests

3.1.1 Each propulsion system, steering system as well as the power generation plant are to be subjected to the tests required by
the Rules.

3.2 Seatrials

3.2.1 The propulsion machinery, steering machinery and the power generation plant are to undergo the following tests during
the sea trials:

e tests required by the risk analysis conclusions and, where deemed necessary, simulation of certain single failures as well as
certain manual actions as defined in [2.1.3]

¢ the values of the power and speed developed by the propulsion prime movers under test are to be recorded, as well as the
electrical consumption.

Note 1: The speed is to be recorded with one propulsion system out of service, in order to verify the speed criteria required in [2.3.1].
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Appendix 1 Procedures for Failure Modes and Effect
Analysis

1 General

1.1 Introduction

1.1.1 FMEA requirement

As specified in Ch 2, Sec 1, Ch 2, Sec 2 and Ch 2, Sec 3 in order to grant the AVM notations, an FMEA is to be carried out, with
the exception indicated in Note (2) of Ch 2, Sec 1, Tab 1 in case of single failure to the propulsion, steering and power generating
system, the ship is still capable to achieve the performances indicated in the applicable Sections as a condition for granting the
notation.

1.1.2 Scope of the Appendix
This Appendix describes a failure mode and effects analysis (FMEA) and gives guidance as to how it may be applied by:

O

) explaining basic principles

<

) providing the procedural steps necessary to perform an analysis
) identifying appropriate terms, assumptions, measures and failure modes, and
)

d) providing examples of the necessary worksheets.

1.1.3 Definition of FMEA

A practical, realistic and documented assessment of the failure characteristics of the ship and its component systems should be
undertaken with the aim of defining and studying the important failure conditions that may exist.

1.1.4 FMEA principles

The FMEA is based on a single failure concept under which each considered system at various levels of a system'’s functional
hierarchy is assumed to fail by one probable cause at a time. The effects of the postulated failure are analysed and classified
according to their severity. Such effects may include secondary failures (or multiple failures) at other level(s). Any failure mode
which may cause a catastrophic effect should be guarded against by system or equipment redundancy unless the probability of
such failure is extremely improbable. For failure modes causing hazardous effects corrective measures may be accepted in lieu.
A test programme should be drawn up to confirm the conclusions of FMEA.

1.1.5 Alternatives

While FMEA is suggested as one of the most flexible analysis techniques, it is accepted that there are other methods which may
be used and which in certain circumstances may offer an equally comprehensive insight into particular failure characteristics.

1.2 Objectives

1.2.1 Primary objective

The primary objective of FMEA is to provide a comprehensive, systematic and documented investigation which establishes the
important failure conditions of the ship propulsion, steering and power generation systems, as well as any other system requested
by the Owner, and assesses their significance with regard to the safety of the ship and its occupants.

1.2.2 Aim of the analysis
The main aims of undertaking the analysis are to:
a) provide ship and system designers with data to audit their proposed designs

b) provide the Owner with the results of a study into ship’s selected systems failure characteristics so as to assist in an assessment
of the arrangements and measures to be taken to limit the damages consequent of the failure within acceptable limits

c) provide the Master and crew of the ship with data to generate comprehensive training, operational and maintenance
programmes and documentation.

1.3 Sister ships

1.3.1 For ships of the same design and having the same equipment, one FMEA on any one of such ships may be sufficient, but
each of the other ships are to be subject to the same FMEA conclusion trials.

However, manoeuverability tests if required by the FMEA conclusion may be performed only for the leader ship of a series of
sister ships.
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1.4 FMEA basics

1.4.1 Before proceeding with a detailed FMEA into the effects of the failure of the system elements on the system functional
output it is necessary to perform a functional failure analysis of the considered systems. In this way only systems which fail the
functional failure analysis need to be investigated by a more detailed FMEA.

1.4.2 Operational modes

When conducting a system FMEA the following typical operational modes within the normal design environmental conditions
of the ships are to be considered:

a) normal seagoing conditions at full speed
b) maximum permitted operating speed in congested waters
c) manoeuvring alongside

d) seagoing conditions in emergency, as defined in Ch 2, Sec 1, Ch 2, Sec 2 and Ch 2, Sec 3.

1.4.3 Functional interdependence

This functional interdependence of these systems is also to be described in either block diagrams or fault tree diagrams or in a
narrative format to enable the failure effects to be understood. As far as applicable, each of the systems to be analysed is assumed
to fail in the following failure modes:

a) complete loss of function

b) rapid change to maximum or minimum output
c) uncontrolled or varying output

d) premature operation

e) failure to operate at a prescribed time

f) failure to cease operation at a prescribed time.

Depending on the system under consideration other failure modes may have to be taken into account.

1.4.4 Systems which can fail without catastrophic effects

If a system can fail without any hazardous or catastrophic effect, there is no need to conduct a detailed FMEA into the system
architecture. For systems whose individual failure can cause hazardous or catastrophic effects and where a redundant system is
not provided, a detailed FMEA as described in the following paragraphs should be followed.

Results of the system functional failure analysis should be documented and confirmed by a practical test programme drawn up
from the analysis.

1.45 Redundant systems

Where a system, the failure of which may cause a hazardous or catastrophic effect, is provided with a redundant system, a
detailed FMEA may not be required provided that:

a) the redundant system can be put into operation or can take over the failed system within the time-limit dictated by the most
onerous operational mode without hazarding the ship

b) the redundant system is completely independent from the system and does not share any common system element the failure
of which would cause failure of both the system and the redundant system. Common system element may be acceptable if
the probability of failure complies with [4].

c) the redundant system may share the same power source as the system. In such case an alternative power source should be
readily available with regard to the requirement of a) above.

The probability and effects of operator error to bring in the redundant system are also to be considered.

1.5 FMEA analysis

1.5.1 The systems to be subject to a more detailed FMEA investigation at this stage are to include all those that have failed the
system FMEA and may include those that have a very important influence on the safety of the ship and its occupants and which
require an investigation at a deeper level than that undertaken in the system functional failure analysis. These systems are often
those which have been specifically designed or adapted for the ship, such as the craft’s electrical and hydraulic systems.
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2 FMEA performance

2.1 Procedures

2.1.1 The following steps are necessary to perform an FMEA:

a) to define the system to be analysed

b) to illustrate the interrelationships of functional elements of the system, by means of block diagrams
c) to identify all potential failure modes and their causes

d) to evaluate the effects on the system of each failure mode

e) to identify failure detection methods

f)  to identify corrective measures for failure modes

g) to assess the probability of failures causing hazardous or catastrophic effects, where applicable
h) to document the analysis

i) to develop a test programme

j) to prepare FMEA report.

2.2 System definition

2.2.1 Thefirststep in an FMEA study is a detailed study of the system to be analysed, through the use of drawings and equipment
manuals. A narrative description of the system and its functional requirements is to be drawn up including the following
information:

a) general description of system operation and structure

b) functional relationship among the system elements

c) acceptable functional performance limits of the system and its constituent elements in each of the typical operational modes
d) system constraints.

2.3 Development of system block diagram

2.3.1 Block diagram

The next step is to develop block diagram(s) showing the functional flow sequence of the system, both for technical
understanding of the functions and operation of the system, and for the subsequent analysis. As a minimum the block diagram
is to contain:

a) breakdown of the system into major sub-systems or equipment
b) all appropriate labelled inputs and outputs and identification numbers by which each sub-system is consistently referenced

c) all redundancies, alternative signal paths and other engineering features which provide “fail-safe” measures.

2.3.2 Block diagrams and operational modes
It may be necessary to have a different set of block diagrams prepared for each different operational modes.

2.4 ldentification of failure modes, causes and effects

2.4.1 Failure mode

Failure mode is the manner by which a failure is observed. It generally describes the way the failure occurs and its impact on the
equipment or system. As an example, a list of failure modes is given in Tab 1. The failure modes listed in Tab 1 can describe
the failure of any system element in sufficiently specific terms. When used in conjunction with performance specifications
governing the inputs and outputs on the system block diagram, all potential failure modes can be thus identified and described.
Thus, for example, a power supply may have a failure mode described as “loss of output” (29), and a failure cause “open
(electrical)” (31).

2.4.2 System failure

A failure mode in a system element could also be the failure cause of a system failure. For example, the hydraulic line of a steering
gear system might have a failure mode of “external leakage” (10). This failure mode of the hydraulic line could become a failure
cause of the steering gear system’s failure mode “loss of output” (29).

2.4.3 Top-down approach

Each system should be considered in a top-down approach, starting from the system’s functional output, and failure is to be
assumed by one possible cause at a time. Since a failure mode may have more than one cause, all potential independent causes
for each failure mode are to be identified.
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2.4.4 Delay effect when operating back-up systems

If major systems can fail without any adverse effect there is no need to consider them further unless the failure can go undetected
by an operator. To decide that there is no adverse effect does not mean just the identification of system redundancy. The
redundancy is to be shown to be immediately effective or brought on line with negligible time lag. In addition, if the sequence
is: “failure - alarm - operator action - start of back up - back up in service”, the effects of delay should be considered.

2.5 Failure effects

2.5.1 Concept

The consequence of a failure mode on the operation, function, or status of an equipment or a system is called a “failure effect”.
Failure effects on a specific sub-system or equipment under consideration are called “local failure effects”. The evaluation of
local failure effects will help to determine the effectiveness of any redundant equipment or corrective action at that system level.
In certain instances, there may not be a local effect beyond the failure mode itself.

Table 1 : Example of failure mode list

1 Structural failure (rupture) 18 | False actuation

2 Physical binding or jamming 19 | Fails to stop

3 | Vibration 20 | Fails to start

4 Fails to remain in position 21 | Fails to switch

5 Fails to open 22 | Premature operation

6 | Fails to close 23 | Delayed operation

7 Fails open 24 | Erroneous input (increased)

8 Fails closed 25 | Erroneous input (decreased)

9 Internal leakage 26 | Erroneous output (increased)

10 | External leakage 27 | Erroneous output (decrease)

11 Fails out of tolerance (high) 28 | Loss of input

12 | Fails out of tolerance (low) 29 | Loss of output

13 Inadvertent operation 30 | Shorted (electrical)

14 | Intermittent operation 31 | Open (electrical)

15 | Erratic operation 32 | Leakage (electrical)

16 | Erroneous indication 33 | Other unique failure conditions as applicable to the system
17 | Restricted flow characteristics, requirements and operational constraints

252 End effect
The impact of an equipment or sub-system failure on the system output (system function) is called an “end effect”. End effects
should be evaluated and their severity classified in accordance with the following categories:

o

catastrophic

)
b) hazardous

@)

) major
d) minor.
The definition of these four categories of failure effects is in [4].

2.5.3 Catastrophic and hazardous effects
If the end effect of a failure is classified as hazardous or catastrophic, back-up equipment is usually required to prevent or
minimize such effect. For hazardous failure effects corrective operational procedures may be generally accepted.

2.6 Failure detection

2.6.1 Detectable failures

The FMEA study in general only analyses failure effects based on a single failure in the system and therefore a failure detection
means, such as visual or audible warning devices, automatic sensing devices, sensing instrumentation or other unique
indications, is to be identified.

2.6.2 Non detectable failures

Where the system element failure is non-detectable (i.e. a hidden fault or any failure which does not give any visual or audible
indication to the operator) and the system can continue with its specific operation, the analysis is to be extended to determine
the effects of a second failure, which in combination with the first undetectable failure may result in a more severe failure effect
e.g. hazardous or catastrophic effect.
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2.7 Corrective measures

2.7.1 Back-up equipment response

The response of any back-up equipment, or any corrective action initiated at a given system level to prevent or reduce the effect
of the failure mode of system element or equipment, is also to be identified and evaluated.

2.7.2 Corrective design provisions

Provisions which are features of the design at any system level to nullify the effects of a malfunction or failure, such as controlling
or deactivating system elements to halt generation or propagation of failure effects, activating back-up or standby items or
systems, are to be described. Corrective design provisions include:

a) redundancies that allow continued and safe operation
b) safety devices, monitoring or alarm provisions, which permit restricted operation or limit damage

c) alternative modes of operation.

2.7.3 Manual corrective actions

Provisions which require operator action to circumvent or mitigate the effects of the postulated failure are to be described. The
possibility and effect of operator error is to be considered, if the corrective action or the initiation of the redundancy requires
operator input, when evaluating the means to eliminate the local failure effects.

2.7.4  Acceptability of corrective action

It is to be noted that corrective responses acceptable in one operational mode may not be acceptable at another, e.g. a redundant
system element with considerable time lag to be brought into line, while meeting the operational mode “normal seagoing
conditions at full speed” may result in a catastrophic effect in another operational mode, e.g. “maximum permitted operating
speed in congested water”.

2.8 Use of probability concept

2.8.1 Acceptance criteria

If corrective measures or redundancy as described in preceding paragraphs are not provided for any failure, as an alternative the
probability of occurrence of such failure is to meet the following criteria of acceptance:

a) a failure mode which results in a catastrophic effect is to be assessed to be extremely improbable
b) afailure mode assessed as extremely remote is to not result in worse than hazardous effects

c) a failure mode assessed as either frequent or reasonably probable is not to result in worse than minor effects.

2.8.2 Data

Numerical values for various levels of probabilities are laid down in [4]. In areas where there is no data from ships to determine
the level of probabilities of failure other sources can be used such as:

a) workshop test
b) history of reliability used in other areas under similar operating conditions

c) mathematical model if applicable.

2.9 Documentation

2.9.1 Worksheet

It is helpful to perform FMEA on worksheets. Tab 2 shows an example of worksheet.

2.9.2 Worksheet organization

The worksheets are be organized to first display the highest system level and then proceed down through decreasing system
levels.

Rules for the Classification of Steel Ships - NR467 July 2026
PtF,Ch2 App1
79



PtF, Ch 2, App 1

Table 2 : FMEA worksheet

Name of system:

. References:
Mode of operation:

System block diagram:

Sheet No:
Date: .
Drawings:
Name of analyst:
Equipment . . Failure effect . Correct | Severity | Probability of

name or Function Ident. | Failure | Failure Local | End Fallure ive of failure failure (if Remarks

No. mode | cause detection . .
number effect | effect action effect applicable)

3 Tests and reporting

3.1 Test program

3.1.1 FMEA validation test

An FMEA test programme is to be drawn up to prove the conclusions of FMEA. It is recommended that the test programme is to
include all systems or system elements whose failure would lead to:

a) major or more severe effects
b) restricted operations
c) any other corrective action.

For equipment where failure cannot be easily simulated on the ship, the results of other tests can be used to determine the effects
and influences on the systems and ship

3.1.2 Further investigations

The trials are also to include investigations into:

a) the layout of control stations with particular regard to the relative positioning of switches and other control devices to ensure
a low potential for inadvertent and incorrect crew action, particularly during emergencies and the provision of interlocks to
prevent inadvertent operation for important system operation

b) the existence and quality of the craft’s operational documentation with particular regard to the pre-voyage checklists. It is
essential that these checks account for any unrevealed failure modes identified in the failure analysis

c) the effects of the main failure modes as prescribed in the theoretical analysis.

3.2 Reporting

3.2.1 The FMEA report is to be a self-contained document with a full description of the craft, its systems and their functions and
the proposed operation and environmental conditions for the failure modes, causes and effects to be understood without any
need to refer to other plans and documents not in the report. The analysis assumptions and system block diagrams are to be
included, where appropriate.

The report is to contain a summary of conclusions and recommendations for each of the systems analysed in the system failure
analysis and the equipment failure analysis. It is also to list all probable failures and their probability of failure where applicable,
the corrective actions or operational restrictions for each system in each of the operational modes under analysis. The report is
to contain the test programme, reference any other test reports and the FMEA trials.
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4 Probabilistic concept

4.1 General

4.1.1 Different undesirable events may have different orders of acceptable probability. In connection with this, it is convenient
to agree on standardized expressions to be used to convey the relatively acceptable probabilities of various occurrences, i.e. to
perform a qualitative ranking process.

4.2 Occurrences

4.2.1 Occurrence
Occurrence is a condition involving a potential lowering of the level of safety.

4.2.2 Failure
Failure is an occurrence in which a part, or parts, of the ship fail. A failure includes:
a) asingle failure
b) independent failures in combinations within a system, and
c) independent failures in combinations involving more than one system, taking into account:
1) any undetected failure that is already present
2) such further failures as would be reasonably expected to follow the failure under consideration, and

d) common cause failure (failure of more than one component or system due to the same cause).

Note 1: In assessing the further failures which follow, account should be taken of any resulting more severe operating conditions for items that
have not up to that time failed.

423 Event
Event is an occurrence which has its origin outside the craft (e.g., waves).

4.2.4  Error
Error is an occurrence arising as a result of incorrect action by the operating crew or maintenance personnel.

4.3 Probability of occurrences

4.3.1 Frequent
Frequent is one which is likely to occur often during the operational life of a particular ship.

4.3.2 Reasonably probable
Reasonably probable is one which is unlikely to occur often but which may occur several times during the total operational life
of a particular ship.

4.3.3 Recurrent
Recurrent is a term embracing the total range of frequent and reasonably probable.

4.3.4 Remote

Remote is one which is unlikely to occur to every ship but may occur to a few ships of a type over the total operational life of a
number of ship of the same type.

4.3.5 Extremely remote

Extremely remote is one which is unlikely to occur when considering the total operational life of a number of ships of the type,
but nevertheless should be considered as being possible.

4.3.6 Extremely improbable
Extremely improbable is one which is so extremely remote that it should not be considered as possible to occur.

4.4 Effects

4.4.1 Effect
Effect is a situation arising as a result of an occurrence.

4.4.2 Minor effect

Minor effect is an effect which may arise from a failure, an event, or an error which can be readily compensated for by the
operating crew; it may involve:

a) asmall increase in the operational duties of the crew or in their difficulty in performing their duties, or
b) a moderate degradation in handling characteristics, or

c) slight modification of the permissible operating conditions.
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443 Major effect

Major effect is an effect which produces:

a) asignificantincrease in the operational duties of the crew or in their difficulty in performing their duties which by itself should
not be outside the capability of a competent crew provided that another major effect does not occur at the same time, or

b) significant degradation in handling characteristics, or
c) significant modification of the permissible operating conditions, but will not remove the capability to complete a safe journey

without demanding more than normal skill on the part of the operating crew.

4.4.4 Hazardous effect

Hazardous effect is an effect which produces:

a) a dangerous increase in the operational duties of the crew or in their difficulty in performing their duties of such magnitude
that they cannot reasonably be expected to cope with them and will probably require outside assistance, or

b) dangerous degradation of handling characteristics, or
c) dangerous degradation of the strength of the ship, or
d) marginal conditions for, or injury to, occupants, or

e) an essential need for outside rescue operations.

4.45 Catastrophic effect

Catastrophic effect is an effect which results in the loss of the craft and/or in fatalities.

45 Safety level

4.5.1 Safety level is a numerical value characterizing the relationship between ship performance represented as horizontal single
amplitude acceleration (g) and rate of acceleration (g/s) and the severity of acceleration-load effects on standing and sitting
humans. The safety levels and the corresponding severity of effects on passengers and safety criteria for ship performance are
defined in Tab 3.

4.6 Numerical values

4.6.1 Where numerical probabilities are used in assessing compliance with requirements using the terms similar to those given
above, the approximate values given in Tab 4 may be used as guidelines to assist in providing a common point of reference.
The probabilities quoted should be on an hourly or per journey basis, depending on which is more appropriate to the assessment
in question.

Note 1: Different occurrences may have different acceptable probabilities, according to the severity of their consequences (see Tab 5).

Table 3 : Severity levels on passengers

Criteria not to be exceeded
Effect Value Comment
Type of load (2

Level 1 Minor Effect Maximum acceleration measured 0,20g | 0,08 gand 0,20 g/s (3): Elderly person will keep

Moderate degradation of | horizontally (1) balance when holding

safety 0,15 g and 0,20 g/s: Mean person will keep
balance when holding
0,15 g and 0,80 g/s : Sitting person will start
holding

Level 2 Major Effect Maximum acceleration measured 0,35g | 0,25 gand 2 g/s : Maximum load for mean person

Significant degradation of | horizontally (1) keeping balance when holding

safety 0,45 g and 10 g/s : Mean person fails out of seat
when nor wearing seat belts

Level 3 Hazardous Effect | Collision design condition calculated 1g | Risk of injury to persons, safe emergency

Major degradation of Maximum structural design load, based on operation after collision

safety vertical acceleration at centre of gravity 1 g : Degradation of person safety

Level4 Catastrophic Effect 1g | Loss of ship and/or fatalities

(1) The recording instruments used are to be such that the acceleration accuracy is better than 5% of the real value and frequency

response is to be minimum 20 Hz. Antialiasing filters with maximum passband attenuation 100 + 5% are to be used
(2) g = gravity acceleration (9,81 m/s?)
(3) g-rate of jerk may be evaluated from acceleration/time curves.
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Table 4 : Guidance for probability levels

Frequent More than 107
Reasonably probable 102 to 10°°
Remote 10°to 107
Extremely remote 107 to 107

Extremely improbable

Whilst no approximate numerical probability is given for
this, the figures used should be substantially less than 10~

Table 5 : Examples of acceptable levels

SAFETY LEVEL 1 1 1 2 3 4

EFFECT ON Normal | Nuisance | Operating | Emergency procedures; Large reduction in safety margin; | Casualties

SHIP AND limitations | significant reduction in crew overburden because of and deaths,

OCCUPANTS safety margins; difficultfor | workload or environmental usually with
crew to cope with adverse | conditions; serious injuries to loss of ship
conditions; person injuries | small number of persons

F.A.R. Probable Improbable Extremely

PROBABILITY improbable

Q)

JAR-25 Probable Improbable Extremely

PROBABILITY | Frequent Reasonably | Remote Extremely remote improbable

@ probable

100 102 103 10- 1077 10-°

CATEGORY | Minor Major Hazardous Catastrophic

OF EFFECT

(1) The United States Federal Aviation Regulation

(2) European Joint Airworthiness Regulations
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Section 1 Unattended Machinery Spaces (AUT-UMS)

1 General

1.1 Application

1.1.1 The additional class notation AUT-UMS is assigned in accordance with Pt A, Ch 1, Sec 2, [6.4.2] to ships fitted with
automated installations enabling periodically unattended operation of machinery spaces, and complying with the requirements
of this Section.

Note 1: Machinery spaces are defined in Pt C, Ch 4, Sec 1, [2.29.1].

1.1.2 The arrangements provided shall be such as to ensure that the safety of the ship in all sailing conditions, including
manoeuvring, is equivalent to that of a ship having the machinery spaces manned.

1.1.3 The requirements of this Section are additional to the general rule requirements applicable to the ships.

1.1.4 For ships not covered by SOLAS, the following requirements are applicable:

e control of electrical installations: Pt C, Ch 2, Sec 3, [2.2.7], Pt C, Ch 2, Sec 3, [2.2.8] and Pt C, Ch 2, Sec 3, [2.2.9]
¢ arrangements of remote stop: Pt C, Ch 4, Sec 2, [2.1]

¢ arrangements of machinery spaces: Pt C, Ch 4, Sec 6, [4.1.2].

1.2 Exemptions

1.2.1 For ships of less than 500 gross tonnage and with a propulsive power of less than 1T MW, the requirements laid down in
[5.4.3] do not apply.

1.2.2 For ships of less than 500 gross tonnage and with a propulsive power of less than 1 MW, the requirements laid down in
[4], except [4.1.2] [4.1.3], do not apply.

Diesel engines installed on ships are to be equipped with:
a) Indicators, as detailed below:
e for auxiliary engine of 1000 kW and above:
The requirements laid down in Pt C, Ch 1, Sec 2, Tab 4; Pt C, Ch 1, Sec 2, Tab 5 and Pt C, Ch 1, Sec 2, Tab 6 apply
¢ for propulsion engine or auxiliary engine with a power less than 1000 kW:
- lubrication oil pressure indication
- fresh water temperature indication.
The indicators are to be fitted at the centralised control position.
b) Alarms, as detailed below:
¢ for auxiliary engine of 1000 kW and above:
The requirements laid down in Pt C, Ch 1, Sec 2, Tab 4; Pt C, Ch 1, Sec 2, Tab 5 and Pt C, Ch 1, Sec 2, Tab 6 apply
e for propulsion engine or auxiliary engine with a power less than 1000 kW:
- lubrication oil low pressure alarm
- very low lubricating oil pressure alarm
- overspeed alarm.
The alarms are to be visual and audible at the centralised control position.
c) Automatic control, as detailed below:
e for auxiliary engine of 1000 kW and above:
The requirements laid down in Pt C, Ch 1, Sec 2, Tab 4; Pt C, Ch 1, Sec 2, Tab 5 and Pt C, Ch 1, Sec 2, Tab 6 apply
e for propulsion engine or auxiliary engine with a power less than 1000 kW:
- shut-down on very low lubricating oil pressure
- shut-down on overspeed.

1.2.3 For ships of less than 500 gross tonnage and with a propulsive power of less than T MW, automatic stop is to be provided
for lubricating oil failure of engines, reduction gears, clutches and reversing gears. A possible override of this automatic stop is
to be available at the control stations, and an indication is to be provided at each control station, when override is activated.

1.2.4 The requirements laid down in [3.3.1] do not apply to cargo ships of less than 1 600 gross tonnage, insofar as the
arrangements of the machinery space access make it unnecessary.
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1.2.5 Fishing vessels of less than 45 m in length are exempted from the application of:
¢ alarm system requirements given in [5.2.3] and [5.4.2]

¢ fire detection system requirements given in [3.2] insofar as the location of the spaces considered allows people on board to
detect fire outbreaks easily, and

* requirements given in [3.4.3].

1.2.6 Fishing vessels of less than 75 m in length are exempted from the application of the requirements laid down in [1.3.2],
[3.1.2] and [3.3.1].

1.3 Communication system

1.3.1 A reliable means of vocal communication shall be provided between the main machinery control room or the propulsion
machinery control position as appropriate, the navigation bridge and the engineer officers’” accommodation.

This means of communication is to be foreseen in collective or individual accommodation of engineer officers.

1.3.2 Means of communication are to be capable of being operated at least half an hour even in the event of failure of supply
from the main source of electrical power (black-out).

2 Documentation to be submitted

2.1 General
2.1.1 In addition to those mentioned in Pt C, Ch 3, Sec 1, Tab 1, the documentation in Tab 1 is required.

Table 1 : Documentation to be submitted for the additional class notation AUT-UMS

No. | A/l (1) Documentation Particulars
1 A Means of communication diagram
2 A | Technical description of automatic engineer’s alarm and | When applicable

connection of alarms to accommodation and bridge

A | System of protection against flooding

4 A Fire detection system Including diagram, location and cabling

A List of the alarms and shutdowns of the electrical
propulsion system

6 A | Functional diagram of the interface between the For the electrical propulsion plant when the control and
programmable logic controller and computer network | monitoring system of the propulsion plant is computer
based

(1) A to be submitted for approval; | : to be submitted for information.

3 Fire and flooding precautions

3.1 Fire prevention

3.1.1 Where daily service oil fuel tanks are filled automatically, or by remote control, means shall be provided to prevent overflow
spillages.

3.1.2 Where heating is necessary, it is to be arranged with automatic control. A high temperature alarm is to be fitted and the
possibility of adjusting its threshold according to the fuel quality is to be provided. Such alarm may be omitted if it is
demonstrated that the temperature in the tank cannot exceed the flashpoint under the following conditions: volume of liquid
corresponding to the low level alarm and maximum continuous heating power during 24 hours.

3.2 Fire detection
3.2.1 For fire detection, the requirements given in Pt C, Ch 4, Sec 3 are applicable.

3.2.2 Means are to be provided to detect and give alarms at an early stage in case of fires:
* in boiler air supply casing and exhausts (uptakes), and
* in scavenging air belts of propulsion machinery

unless the Society considers this to be unnecessary in a particular case.

Rules for the Classification of Steel Ships - NR467 July 2026
PtF, Ch 3, Sec 1
86



Pt F, Ch 3, Sec 1

Especially, it is deemed unnecessary to provide means to detect fires at an early stage and give alarms in the following cases:
¢ for boilers with no inherent fire risk in the air supply casing, i.e. boilers with no heat exchangers (e.g. rotary heat exchangers)
having surfaces exposed alternately to air and flue gas.

¢ for boilers with no inherent fire risk in the flue gas uptake, i.e. boilers with no heat exchangers using flue gases as the heating
medium e.g. air/water preheaters or economisers.

Note 1: “flue gas” means exhaust gas from boiler furnace.

3.2.3 Location of fire detectors for boilers

The means to detect and give alarms at an early stage in cases of fires in boiler air supply casing and exhausts are to be located

at a representative location:

¢ either in the air supply casing or in the fuel gas uptake for boilers with heat exchangers having surfaces exposed alternatively
to air and flue gas.

¢ in the flue gas uptake for boilers with heat exchangers using flue gases as the heating medium e.g. air/water preheaters or
economisers.

3.24  An automatic fire detection system is to be fitted in machinery spaces of category A, as defined in Pt C, Ch 4, Sec 1,
[2.30.1], intended to be unattended.

3.2.5 The fire detection system is to be designed with self-monitoring properties. Power or system failures are to initiate an
audible alarm distinguishable from the fire alarm.

3.2.6 The fire detection indicating panel is to be located on the navigation bridge, fire control station, or other accessible place
where a fire in the machinery space will not render it inoperative.

3.2.7 The fire detection indicating panel is to indicate the place of the detected fire in accordance with the arranged fire zones
by means of a visual signal. Audible signals clearly distinguishable in character from any other signals are to be audible
throughout the navigation bridge and the accommodation area of the personnel responsible for the operation of the machinery
space.

3.2.8 Fire detectors are to be of such type and so located that they will rapidly detect the onset of fire in conditions normally
present in the machinery space. Consideration is to be given to avoiding false alarms. The type and location of detectors are to
be approved by the Society and a combination of detector types is recommended in order to enable the system to react to more
than one type of fire symptom.

3.2.9 Except in spaces of restricted height and where their use is specially appropriate, detection systems using thermal detectors
only are not permitted. Flame detectors may be installed, although they are to be considered as complementary and are not to
replace the main installation.

3.2.10 Fire detector zones are to be arranged in a manner that will enable the operating staff to locate the seat of the fire. The
arrangement and the number of loops and the location of detector heads are to be approved in each case. Air currents created
by the machinery are not to render the detection system ineffective.

3.2.11 When fire detectors are provided with the means to adjust their sensitivity, necessary arrangements are to be allowed to
fix and identify the set point.

3.2.12 When it is intended that a particular loop or detector is to be temporarily switched off, this state is to be clearly indicated.
Reactivation of the loop or detector is to be performed automatically after a preset time.

3.2.13 The fire detection indicating panel is to be provided with facilities for functional testing.

3.2.14 The fire detecting system is to be fed automatically from the emergency source of power by a separate feeder if the main
source of power fails.

3.2.15 Facilities are to be provided in the fire detecting system to manually release the fire alarm from the following places:

e passageways having entrances to engine and boiler rooms

¢ the navigation bridge

¢ the control station in the engine room.

3.2.16 The detection equipment is to be so designed as to signal in less than 3 minutes a conventional seat of fire resulting from

the combustion of 500 g textile waste impregnated with 25 cl of diesel oil in a square gutterway 30 cm wide x 15 cm high.
Alternative means of testing may be accepted at the discretion of the Society.

3.3 Fire fighting

3.3.1 Unless otherwise stated, pressurisation of the fire main at a suitable pressure by starting a main fire pump and carrying out
the other necessary operations is to be possible from the navigation bridge and fire control station. Alternatively, the fire main
system may be permanently under pressure.
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3.3.2 The arrangements for the ready availability of water supply are to be:

e in passenger ships of 1 000 gross tonnage and upwards, such that at least one effective jet of water is immediately available
from any hydrant in an interior location and so as to allow the continuation of the output of water by the automatic starting
of a required fire pump

* in passenger ships of less than 1 000 gross tonnage and in cargo ships, to the satisfaction of the Society.

3.3.3 In addition to the fire-extinguishing arrangements mentioned in Part C, Chapter 4, periodically unattended spaces
containing steam turbines (whose power is at least 375 kW) are to be provided with one of the fixed fire-extinguishing systems
required in the same chapter for machinery spaces of category A containing oil fired boilers or fuel oil units.

3.3.4 Local application fire-extinguishing system provided in machinery spaces of category A in accordance with Pt C, Ch 4,
Sec 6, [4.7.2] are to have an automatic release capability in addition to the manual release.

3.4 Protection against flooding

3.4.1 Bilge wells or machinery spaces bilge levels are to be monitored in such a way that the accumulation of liquid is detected
in normal angles of trim and heel, and are to be large enough to accommaodate easily the normal drainage during the unattended
period.

3.4.2 Where the bilge pumps are capable of being started automatically, means shall be provided to indicate when the influx
of liquid is greater than the pump capacity or when the pump is operating more frequently than would normally be expected.

3.4.3 In addition to the requirements provided in this Section, the location of controls of any valve serving a sea inlet, a discharge
below the waterline or a bilge injection system is to comply with Pt C, Ch 1, Sec 10, [5.5.4].

3.4.4 Bilge level alarms are to be given at the main control station and the navigation bridge.

3.4.5 Accordingto Pt D, Ch 11, Sec 5, [1.2.1], for passenger ships carrying 36 or more persons an alarm is to be given to the
navigation bridge in case of flooding into the machinery space situated below the load line.

4 Control of machinery

4.1 General

4.1.1 Under all sailing conditions, including manoeuvring, the speed, direction of thrust and, if applicable, the pitch of the
propeller shall be fully controllable from the navigation bridge.

4.1.2 All manual operations or services expected to be carried out with a periodicity of less than 24 h are to be eliminated or
automated, particularly for: lubrication, topping up of make up tanks and filling tanks, filter cleaning, cleaning of centrifugal
purifiers, drainage, load sharing on main engines and various adjustments. Nevertheless, the transfer of operation mode may be
effected manually.

4.1.3 A centralised control position shall be arranged with the necessary alarm panels and instrumentation indicating any alarm.
4.1.4 Parameters for essential services which need to be adjusted to a preset value are to be automatically controlled.

4.1.5 The control system shall be such that the services needed for the operation of the main propulsion machinery and its
auxiliaries are ensured through the necessary automatic arrangements.

4.1.6 It shall be possible for all machinery essential for the safe operation of the ship to be controlled from a local position, even
in the case of failure in any part of the automatic or remote control systems.

4.1.7 The design of the remote automatic control system shall be such that in the case of its failure an alarm will be given. Unless
impracticable, the preset speed and direction of thrust of the propeller shall be maintained until local control is in operation.

4.1.8 Critical speed ranges, if any, are to be rapidly passed over by means of an appropriate automatic device.

4.1.9 Propulsion machinery is to stop automatically only in exceptional circumstances which could cause quick critical damage,
due to internal faults in the machinery. The design of automation systems whose failure could result in an unexpected propulsion
stop is to be specially examined. An overriding device for cancelling the automatic shutdown is to be considered.

Automatic slow down of propulsion machinery may be omitted during crash astern sequence.

4.1.10 Where the propulsive plant includes several main engines, a device is to be provided to prevent any abnormal overload
on each of them.

4.1.11 Where standby machines are required for other auxiliary machinery essential to propulsion, automatic changeover
devices shall be provided.
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4.1.12 The additional remote indications to be displayed at the centralised control position, shown with the symbol “R” in the
following tables Tab 2 to Tab 29, are required for AUT-CCS notation only, as mentioned in Ch 3, Sec 2, [4.1.2].

4.2 Diesel propulsion plants

4.2.1 When a diesel engine is used for the propulsion plant, monitoring and control of equipment is to be performed according
to Tab 2 for cross-head (slow speed) engines or Tab 3 for trunk-piston (medium or high speed) engines.

Table 2 : Main propulsion cross-head (slow speed) diesel engine

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

Monitorin
L= Low, LL =Lowlow, | =individual alarm rorng Main Engine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | Slow- Shut- | Control | Standby | Stop
()] down down Start
Fuel oil system
. ' . L R
e Fuel oil pressure after filter (engine inlet) X
e Fuel oil viscosity before injection pumps or fuel oil H+L
temperature before injection pumps (for engine X
running on heavy fuel)
e Leakage from high pressure pipes where required X
e Common rail fuel oil pressure L
Lubricating oil system
L R X
e Lubricating oil to main bearing and thrust bearing X
pressure
LL X
L R X
e Lubricating oil to crosshead bearing pressure when X
separate
LL X
L
e Lubricating oil to camshaft pressure when separate X
LL X
e Lubricating oil to camshaft temperature when H
separate X
PR H
e Lubricating oil inlet temperature X
e Thrust bearing pad temperature or bearing oil outlet H local X
temperature HH X
e Activation of oil mist detection arrangements (2) (10) X X
e Crankcase oil mist detector failure X
e Flow rate cylinder lubricator (each apparatus) L X
e Level in lubricating oil tanks or oil sump, as L
appropriate (3)
e Common rail servo oil pressure L
e Lubricating oil to turbocharger inlet pressure (4) L
e Turbocharger lubricating oil outlet temperature on H
each bearing (5)
Piston cooling system
. . L X (6)
* Piston coolant inlet pressure X
e Piston coolant outlet temperature on each cylinder H local X
e Piston coolant outlet flow on each cylinder (7) L local X
e Level of piston coolant in expansion tank
Sea water cooling system
L
e Sea water cooling pressure X
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Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring . . N
L= Low, LL =Lowlow, I =individual alarm Main Engine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Al(z:r)m Indication (Sjl;)\:v/vn dss\tjvtn Control Stz;{)aciltoy Stop
Cylinder fresh cooling water system
. . . L local (9) X

e Cylinder fresh cooling water system inlet pressure X
e Cylinder fresh cooling water outlet temperature or,

when common cooling space without individual stop H local X

valves, the common cylinder water outlet temperature
e Oily contamination of engine cooling water system

(when main engine cooling water is used in fuel and X

lubricating oil heat exchangers)
* Level of cylinder cooling water in expansion tank L
Fuel valve coolant system
e Pressure of fuel valve coolant . X
e Temperature of fuel valve coolant H
* Level of fuel valve coolant in expansion tank L
Scavenge air system
e Scavenging air receiver pressure R
. fgca;ir;%/ir;g:i{;?;}t)emperature (detection of fire in H local N
e Scavenging air receiver water level H
Exhaust gas system
e Exhaust gas temperature after each cylinder H R X
e Exhaust gas temperature after each cylinder, deviation H

from average
e Exhaust gas temperature before each turbocharger H R
e Exhaust gas temperature after each turbocharger H R
Miscellaneous
e Speed of turbocharger (8) H R
* Engine speed (and direction of speed when reversible)
*  Wrong way X
e Engine overspeed (9) H X
¢ Wrong way X
e Control, safety, alarm system power supply failure X

(M

(2
3

Where alarm is associated to slowdown or shutdown, this alarm is to anticipate the action of shutdown and slowdown (pre-
alarm).

For engines having a power of more than 2250 kW or a cylinder bore of more than 300 mm.

If separate lubricating oil tanks are installed, then an individual level alarm for each tank is required.

(4) Unless provided with a self-contained lubricating oil system integrated with the turbocharger.

(5) Where outlet temperature from each bearing cannot be monitored due to the engine/turbocharger design alternative
arrangement may be accepted. Continuous monitoring of inlet pressure and inlet temperature in combination with specific
intervals for bearing inspection in accordance with the turbocharger manufacturer’s instructions may be accepted as an
alternative.

(6) Not required, if the coolant is oil taken from the main cooling system of the engine.

(7) Where outlet flow cannot be monitored due to engine design, alternative arrangement may be accepted.

(8 Only required for turbochargers of Categories B and C as defined in Pt C, Ch 1, Sec 17, [1.1.3].

(9) For engines of 220 kW and above.

(10) Activation of oil mist detection arrangements is equivalent to activation of the temperature monitoring systems, or equivalent
devices, of:
¢ the engine main, crank and crosshead bearing oil outlet; or
¢ the engine main, crank and crosshead bearing
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Table 3 : Main propulsion trunk-piston (medium or high speed) diesel engine

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

Monitori
L =Low, LL =Low [OW, | = individual alarm onttoring Main Engine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | Slow- Shut- | Control | Standby | Stop
1 down down Start
Fuel oil system
L R
e Fuel oil pressure after filter (engine inlet) -
e Fuel oil viscosity before injection pumps or fuel oil H+L
temperature before injection pumps (for engine X
running on heavy fuel)
e Leakage from high pressure pipes where required H
e Common rail fuel oil pressure L
Lubricating oil system
R
e Lubricating oil to main bearing and thrust bearing X X
pressure
LL X
e Lubricating oil filter differential pressure H
H R
* Lubricating oil inlet temperature X
¢ Activation of oil mist detection arrangements (2) (7) X X
* Crankcase oil mist detector failure X
¢ Flow rate cylinder lubricator (each apparatus) L X
e Common rail servo oil pressure L
e Lubricating oil to turbocharger inlet pressure (3) L R
e Turbocharger lub oil temperature each bearing (4) H
Sea water cooling system
L R
e Sea water cooling pressure X
Cylinder fresh cooling water system
L R X
e Cylinder water inlet pressure or flow X
e Cylinder water outlet temperature H R X
e Level of cylinder cooling water in expansion tank L
Scavenge air system
e Scavenging air receiver temperature H ‘ ‘
Exhaust gas system
e Exhaust gas temperature after each cylinder (5) H R X
e Exhaust gas temperature after each cylinder (5), H
deviation from average
Miscellaneous
R
e Engine speed
X
e Engine overspeed (8) H X
e Speed of turbocharger (6) R
e Control, safety, alarm system power supply failure
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Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

Monitori
L =Llow, LL =Lowlow, | =individual alarm onrtoring Main Engine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | Slow- Shut- | Control | Standby | Stop
M down down Start

alarm).

alternative.
(5) For engine power > 500 kW/cyl.

devices, of:

¢ the engine main and crank bearing

¢ the engine main and crank bearing oil outlet; or

(8) For engines over 220kW and above see Pt C, Ch 1, Sec 2, [2.7.4].

(6) Only required for turbochargers of Categories B and C as defined in Pt C, Ch 1, Sec 17, [1.1.3].
(7) Activation of oil mist detection arrangements is equivalent to activation of the temperature monitoring systems, or equivalent

(1)  Where alarm is associated to slowdown or shutdown, this alarm is to anticipate the action of shutdown and slowdown (pre-

(2) For engine of 2250 kW and above or having cylinders of more than 300 mm bore: for each engine, one oil mist detector (or
engine bearing temperature monitoring system or equivalent device) having two independent outputs for initiating the alarm and
shut-down would satisfy the requirement for independence between alarm and shut-down systems.

(3)  Unless provided with a self contained lubricating oil system integrated with the turbocharger.

(4) Where outlet temperature from each bearing cannot be monitored due to the engine/turbocharger design alternative
arrangements may be accepted. Continuous monitoring of inlet pressure and inlet temperature in combination with specific
intervals for bearing inspection in accordance with the turbocharger manufacturer’s instructions may be accepted as an

4.3 Steam propulsion plants

4.3.1 For steam propulsion plants, control and monitoring functions of steam turbines are required according to Tab 4.

Table 4 : Steam turbines used for main propulsion

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

Monitori
L =Low, LL =Lowlow, I =individual alarm onttoring Turbine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | /o= | Shut- | Control | Standby | - Stop
down down Start
Lubricating oil system
X

e Supply pressure L

LL X
e Cooler inlet temperature H
e Temperature of reduction gear bearings H (1)
e Temperature of turbine bearings and thrust bearings | H (1)
* Level of return tank L @2
e Level of gravity tank L (2
Miscellaneous

. . R X

* Main turbine speed

H X

H
e Main turbine vibration

HH X

. . - H

e Main turbine axial displacement

HH X
e Automatic spinning fault X
e Gland seals fault at exhaust fans X
e Gland seals pressure of steam supply L+H
e Superheated steam temperature L X

(2) Sensor to be located near the normal level.

(1) Alternatively: group alarm associated with means to find out the fault.

Rules for the Classification of Steel Ships - NR467
PtF, Ch 3, Sec 1

July 2026

92




Pt F, Ch 3, Sec 1

4.3.2 Turbine spinning is to take place automatically at regular intervals when the shaft line is stopped during manoeuvring.
4.3.3 Spinning is not allowed until the equipment is in a safe position.
4.3.4 Lubrication of gear and turbines is to be automatically ensured until the plant is stopped (driven oil pump or gravity tank).

4.3.5 If a special crash astern sequence is provided, it is to be carried out through a separate device or by placing the control
gear in a special position; precautions are to be taken to avoid its unintended use.

According to the type of plant, this control may be achieved by:

¢ cancelling the low vacuum shutdown device

¢ shutting off the steam to the ahead turbine

¢ opening the turbine cylinder drain valves, the astern stop valve and the astern manoeuvring valve.

4.3.6 For steam propulsion plants, control and monitoring functions of main boilers are required according to Tab 5.

4.3.7 Additional arrangements may be required according to the type of boilers considered, in particular in the case of forced
circulation boilers, concerning unexpected circulation shutdown.

Reheat cycle type boilers are also to be subjected to a special examination.

4.3.8 Where the propulsive plant includes several main boilers, automatic shutdown of one is to involve automatic slowdown
of the turbines with a view to saving the maximum available steam for electricity production.

4.3.9 Unless special arrangements are provided, fire in boiler air ducts is to be detected.

4.3.10 For evaporators associated to steam propulsion plants, control, alarm and monitoring functions are required according
to Tab 6.

Table 5 : Main boilers

Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring . . y
L =Low, LL =Lowlow, | =individual alarm Main boiler Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | SioW- | Shut- | Control | Standby | Stop
down down Start
Fuel oil system
e Fuel oil delivery pressure or flow L
. i i L+H
* Fuel oil temperature after heater or viscosity fault X
Combustion
. X
¢ Flame failure of each burner X
e Failure of atomising fluid X
e Boiler casing and economiser outlet smoke H
temperature (in order to detect possible fire HH X
outbreak)
* Burning air flow or equivalent L
General steam system
L+H R
e Superheated steam pressure X
e Superheated steam temperature H
e Desuperheated steam pressure (except if pressure is L
that of superheated steam)
¢ Desuperheated steam temperature H
* Lifting of safety valve (or equivalent: for instance X
high pressure alarm)
X
L R
e Water level inside the drum of each boiler H X (1)
HH X
LL X
(1)  Stop of the feed water pump
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Table 6 : Evaporators

Symbol convention
H = High, HH = High high, G = group alarm

Monitoring

Automatic control

L =Llow, LL =Lowlow, | =individual alarm Evaporator Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | /oW~ | Shut- Control | Standby | Stop
down down Start
Electric fault at pump X
Heating fluid pressure or flow
Excessive salinity of distilled water before drain valve or X (1)
re-circulation valve
Excessive salinity of distilled water after drain valve or re- H
circulation valve (at tank inlet)
(1) Automatic draining to bilge or re-circulation
4.4 Gas turbine propulsion plants
4.4.1 For gas turbines, monitoring and control elements are required according to Tab 7.
Table 7 : Propulsion gas turbine
Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring
L =Llow, LL =Lowlow, | =individual alarm Turbine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | /oW~ | Shut- | Control | Standby | Stop
down down Start
Lubricating oil system
Turbi | L X X
e Turbine su ressure
pply p m X
¢ Differential pressure across lubricating oil filter H
e Bearing or lubricating oil (discharge) temperature H
Mechanical monitoring of gas turbine
R X
e Speed
H X
H
e Vibration
HH X
e Rotor axial displacement (not applicable to roller H
bearing) HH X
* Number of cycles performed by rotating parts H
Gas generator monitoring system
* Flame and ignition failure X
e Fuel oil supply pressure L
H+L
e Fuel oil supply temperature X
e Cooling medium temperature H
e Exhaust gas temperature or gas temperature in H
specific locations of flow gas path (alarm before HH X
shutdown)
* Pressure at compressor inlet (alarm before shutdown) L
Miscellaneous
e Control system failure X
e Automatic starting failure
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4.5 Gas-only and dual fuel engines

4.5.1 For ships assigned the additional class notation LNGFUEL, CNGFUEL or LPGFUEL or, as relevant, other additional class
notations defined in Pt A, Ch 1, Sec 2, [4.13], control and monitoring functions of gas-only and dual fuel engines are to be in
compliance with NR529.

4.6 Electrical propulsion plant

4.6.1 Documentation to be submitted

For electrical propulsion plant, additional documentation according to Tab 1 is required.

4.6.2 Alarm system
The following requirements are applicable to the alarm system of electrical propulsion:

¢ alarms circuits of electrical propulsion are to be connected to the main alarm system on board. As an alternative, the relevant
circuit may be connected to a local alarm unit. In any case, a connection between the local alarm unit and the main alarm
system is to be provided

¢ the alarms can be arranged in groups, and shown in the control station. This is acceptable when a discrimination is possible
locally

¢ when the control system uses a computer based system, the requirements of Pt C, Ch 3, Sec 3 are applicable, in particular,
for the data transmission link between the alarm system and the control system

¢ individual alarms are considered as critical and are to be individually activated at the control stations, and acknowledged
individually

e shutdown activation is to be considered as an individual alarm.

4.6.3 Safety functions
The following requirements are applicable to the safety system of electrical propulsion:

¢ asa general rule, safety stop using external sensors such as temperature, pressure overspeed, main cooling failure, stop of
converter running by blocking impulse is to be confirmed by the automatic opening of the main circuit using a separate circuit

¢ in order to avoid accidental stop of the propulsion line and limit the risk of blackout due to wire break, the tripping of the
main circuit-breaker is to be activated by an emission coil with a monitoring of the line wire break

¢ in the case of a single line propulsion system, the power limitation order is to be duplicated

e as a general rule, when the safety stop is activated, it is to be maintained until local acknowledgement.

4.6.4 Transformers

For transformers, parameters according to Tab 8 are to be controlled or monitored.

4.6.5 Converters

For converters, parameters according to Tab 9, Tab 10 and Tab 11 are to be monitored or controlled.

46.6 Smoothing coil

For the converter reactor, parameters according to Tab 12 are to be monitored or controlled.

4.6.7 Propulsion electric motor

For propulsion electric motors, parameters according to Tab 13 are to be monitored or controlled.

4.6.8 All parameters listed in the tables of this item are considered as a minimum requirement for unattended machinery spaces.

Some group alarms may be locally detailed on the corresponding unit (for instance loss of electronic supply, failure of electronic
control unit, etc.).

4.7 Shafting, clutches, CPP, gears
4.7.1 For shafting and clutches, parameters according to Tab 14 are to be monitored or controlled.
4.7.2 For controllable pitch propellers, parameters according to Tab 15 are to be monitored or controlled.

4.7.3 For reduction gears and reversing gears, parameters according to Tab 16 are to be monitored or controlled.
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Table 8 : Transformers

Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring
L =Llow, LL =Low low, | =individualalarm Motor Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | SioW- | Shut- | Control | Standby | Stop
down down Start

Earth failure on main propulsion circuits |
Circuit-breaker, short-circuit 1 (2) X
Circuit-breaker, overload 1 (2) X
Circuit-breaker, undervoltage 1 (2) X

GIH X 3)
Temperature of winding on phase 1,2, 3 (1) (4)

G,I, HH X
Temperature sensor failure (short-circuit, open circuit, G
supply failure)

G L X
Cooling pump pressure or flow
X

Cooling medium temperature G H X
Leak of cooling medium G X

breaker)

(3) Possible override of slowdown by the operator.

Pt C, Ch 2, Sec 13, [4.1.1].

(1) A minimum of 6 temperature sensors are to be provided:
* 3 temperature sensors to be connected to the alarm system (can also be used for the redundant tripping of the main circuit-

* 3 temperature sensors connected to the control unit.
(2) To be kept in the memory until local acknowledgement.

(4) Not applicable to oil immersed type transformers. Those transformers are to be fitted with alarms and protections specified in

Table 9 : Network converter

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

L Monitorin
L =Low, LL =Low low, I =individual alarm & Motor Auxiliary
X = function is required, R = remote (AUT-CCS only)
P R Slow- Shut- | Control | Standb Sto
Identification of system parameter Alarm | Indication W N Y P
down down Start

Short-circuit current | max I X

Overvoltage G X

Undervoltage G

Phase unbalanced I X) (1)

Power limitation activated |

Protection of filter circuit trip I

Circuit-breaker opening operation failure I

Communication circuit, control circuits, power supplies,

watchdog of control system according to supplier’s G X

design

(1)  This parameter, when indicated in brackets, is only advisable according to the supplier’s requirements.
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Table 10 : Motor converter

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

Monitori
L =Llow, LL =Lowlow, | =individual alarm onitoring Motor Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | oW~ | Shut- | Control | Standby | Stop
down down Start
Short-circuit current | max I X
Overvoltage G X
Undervoltage G X
Phase unbalanced I
Protection of filter circuit trip I
Communication circuit, control circuits, power supplies,
watchdog of control system according to supplier’s G X
design
Speed sensor system failure G X (1)
Overspeed I X
Braking resistor temperature (where applicable) I, H
(1) Automatic switch-over to the redundant speed sensor system.
Table 11 : Converter cooling circuit
Symbol convention Automatic control
H = High, HH = High high, G = grogp alarm Monitoring N
L =Low, LL =Lowlow, | =individual alarm Motor Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | /oW~ | Shut- Control | Standby | - Stop
down down Start
Air cooling temperature high | R
G
Ventilation, fan failure X
, G R
Cooling pump pressure or flow low X
Cooling fluid temperature high G
Leak of cooling medium G X
Temperature sensor failure (short-circuit, open circuit, G
supply failure)
Table 12 : Smoothing coil
Symbol convention Automatic control
H = High, HH = High high, G = group alarm -
Monit
L =Low, LL =Lowlow, I =individual alarm onttoring Motor Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication Slow- Shut- | Control | Standby | = Stop
down down Start
. I, H R
Temperature of coil
I, HH
Air cooling temperature I, H
G
Ventilation fan failure X
. G R
Cooling pump pressure or flow low X
Cooling fluid temperature high G
G
Leak of cooling medium X
Temperature sensor failure (short-circuit, open circuit, G
supply failure)
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Table 13 : Propulsion electric motor

Symbol convention Automatic control
H = High, HH = High high, G = grogp alarm Monitoring N
L =Low, LL =Lowlow, | =individual alarm Motor Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm - dication | Slow- | Shut- | Control | Standby | - Stop
() down down Start
Automatic tripping of overload and short-circuit G H X
protection on excitation circuit
Loss of excitation G X
Winding current unbalanced G
Harmonic filter supply failure I
Interface failure with power management system I X
Earthing failure on stator winding and stator supply | R
o I, H X
Temperature of winding on phase 1, 2, 3
l, HH X
Motor cooling air temperature I, H
, G L R X
Cooling pump pressure or flow X
Cooling fluid temperature G, H
Leak of cooling medium G X
Temperature sensor failure (short-circuit, open circuit, G
supply failure)
Motor bearing temperature G H R
Bearing lubrication oil pressure (for self-lubricated I, L R X
motor, when the speed is under the minimum RPM
specified by the manufacturer, shutdown is to be X
activated)
Turning gear engaged I
Brake and key engaged I
(1)  Where alarm is associated to slowdown or shutdown, this alarm is to anticipate the action of shutdown and slowdown (pre-
alarm).
Table 14 : Shafting and clutches of propulsion machinery
Symbol convention Automatic control
H = High, HH = High high, G = grogp alarm Monitoring . ' N
L =Llow, LL =Lowlow, | =individual alarm Main Engine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | oW | Shut-} Control | Standby | Stop
down down Start
Temperature of each shaft thrust bearing (not applicable
. H X
for ball or roller bearings)
Sterntube bush oil gravity tank level L
Clutch oil temperature (if applicable) H X
Clutch oil tank level (if applicable) L

Table 15 : Controllable pitch propeller

Symbol convention Automatic control

H = High, HH = High high, G = group alarm Monitoring

L =Low, LL =Lowlow, | =individual alarm Main Engine Auxiliary

X = function is required, R = remote (AUT-CCS only)

Identification of system parameter Alarm | Indication | Si°W- | Shut- | Control | Standby | - Stop

down down Start

Control oil temperature before cooler H

Oil tank level L
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Table 16 : Reduction gears/reversing gears

Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring
L =Low, LL =Llowlow, I =individualalarm Main Engine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | /oW~ | Shut- Control | Standby | - Stop
down down Start
Lubricating oil temperature at the oil cooler outlet H R (1) X
L (@M R X
Lubricating oil pressure
LL X
Oil tank level (2) L R

(1) May be omitted in the case of restricted navigation notation.
(2) May be omitted when the small size of the gearbox makes it unpracticable (low pressure alarm to be representative of a low level
in the gearbox casing).

4.8 Auxiliary system

4.8.1 Where standby machines are required for other auxiliary machinery essential to propulsion, automatic change- over
devices shall be provided.

Change-over restart is to be provided for the following systems:

¢ cylinder, piston and fuel valve cooling

¢ cylinder cooling of diesel generating sets (where the circuit is common to several sets)
* main engine fuel supply

¢ diesel generating sets fuel supply (where the circuit is common to several sets)

¢ sea water cooling for propulsion plant

¢ sea water to main condenser (main turbines)

¢ hydraulic control of clutch, CPP or main thrust unit

e thermal fluid systems (thermal fluid heaters).
4.8.2 When a standby machine is automatically started, an alarm is to be activated.

4.8.3 When the propulsion plant is divided into two or more separate units, the automatic standby auxiliary may be omitted,
when the sub-units concerned are fully separated with regard to power supply, cooling system, lubricating system etc.

Some of the propulsive plants may be partially used for reasons of economy (use of one shaft line or one propulsion engine for
instance). If so, automatic change-over, necessary for this exploitation mode, is to be provided.

4.8.4 Means shall be provided to keep the starting air pressure at the required level where internal combustion engines are used
for main propulsion.

4.8.5 Where daily service fuel oil tanks are filled automatically, or by remote control, means shall be provided to prevent overflow
spillages.

4.8.6 Arrangements are to be provided to prevent overflow spillages coming from equipment treating flammable liquids.

4.8.7 Where daily service fuel oil tanks or settling tanks are fitted with heating arrangements, a high temperature alarm shall be
provided if the flashpoint of the fuel oil can be exceeded.

4.8.8 For auxiliary systems, the parameters according to Tab 17 to Tab 27 are to be monitored or controlled.

4.8.9 For exhaust gas treatment systems, alarms and indications required in Pt C, Ch 1, Sec 11, [2.4.6] are to be available at the
centralised control position.

4.8.10 For ballast water management systems, alarms and indications required in Pt C, Ch 1, Sec 13, [2.5] are to be available
at the centralised control position.

4.8.11 For carbon capture systems (CCS), alarms and indications required in Pt C, Ch 1, Sec 12, [2.7] are to be available at the
centralised control position.
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4.9 Control of electrical installation

4.9.1 Following a blackout, automatic connection of a standby generating set is to be followed by an automatic restart of the

primary essential services. If necessary, time delay sequential steps are to be provided to allow satisfactory operation.

In case of failure of the emergency generator, manual restart of a main generating set is admitted. Refer to Pt C, Ch 2, Sec 3,

[2.3.9].

4.9.2 Monitored parameters for which alarms are required to identify machinery faults and associated safeguards are listed in
Tab 28 and Tab 29. These alarms are to be indicated at the control location for machinery as individual alarms; where the alarm
panel with all individual alarms is installed on the engine or in the vicinity, a common alarm in the control location for machinery
is required. For communication of alarms from the machinery space to the bridge area and accommodation for engineering

personnel, detailed requirements are contained in [5].

Table 17 : Incinerators

Symbol convention
H = High, HH = High high, G = group alarm

Monitoring

Automatic control

L =Llow, LL =Low low, | =individual alarm Incinerator Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | /oW~ | Shut- Control | Standby | - Stop
down down Start
Combustion air pressure L X
Flame failure X X
Furnace temperature H X
Exhaust gas temperature H
Fuel oil pressure (2) L
Fuel oil temperature or viscosity (1) H+L
(1)  Where heavy fuel is used.
(2) Where pressure is important for the combustion or a pump is not an integral part of the burner.
Table 18 : Auxiliary boilers
Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring
L =Low, LL =Low low, I =individual alarm Boiler Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | oW | Shut-} Control - Standby | Stop
down down Start
X
Water level
L+H X
Fuel oil temperature or viscosity (3) H+L
X
Flame failure
X
Combustion air supply fan low pressure X
Temperature in boiler casing (fire) H
X
Steam pressure
H (M) X
Steam temperature X (2)
(1) When the automatic control does not cover the entire load range from zero load.
(2) For superheated steam over 330°C.
(3)  Where heavy fuel is used.
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Table 19 : Fuel oil system

Symbol convention
H = High, HH = High high, G = group alarm

Monitoring

Automatic control

L =Low, LL =Low low, | =individual alarm System Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication Zlc?v\:/vn dSE\L/Jth Control Stzsa:aorli)y Stop
Fuel oil in daily service tank level L
Fuel oil daily service tank temperature (3) H X
Fuel oil in daily service tank level H (1)
Fuel oil overflow tank level H
Air pipe water trap level on fuel oil tanks H (2)
Heater outlet fuel oil temperature X
H @ X (5)
Sludge tank level H
Fuel oil settling tank level H (1)
Fuel oil settling tank temperature (3) H X
Fuel oil centrifugal purifier overflow H X (6)
(1) To be provided if no suitable overflow arrangement
(2) Or alternative arrangement as per Pt C, Ch 1, Sec 10, [9.1.7]
(3) Applicable where heating arrangements are provided.
4) Or low flow alarm in addition to temperature control when heated by steam or other media.
(5) Cut off of electrical power supply when electrically heated.
(6) Shutdown of the fuel oil supply.
Table 20 : Lubricating oil system
Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring N
L =Low, LL =Lowlow, | =individual alarm System Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication fii;)v‘\//vn jzwn Control Stgtrzzrlltoy Stop
Air pipe water trap level of lubricating oil tank H
See Pt C, Ch 1, Sec 10, [9.1.7]
Sludge tank level H
Lubricating oil centrifugal purifier overflow H X (1)
(1) Shutdown of the lubricating oil supply.
Table 21 : Thermal oil system

Symbol convention Automatic control
H = High, HH = High high, G = group alarm L
L = Logv, L~ Low Iov%, ! inclvidual alarm Monitoring System Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication Zlé)v\:/vn jg:vtn Control Stgtna(:i)y Stop
Thermal fluid temperature heater outlet H

HH X (1)
Thermal fluid pressure pump discharge (4) H X
Thermal fluid flow through heating element . X

LL X (1)
(1) Shut-off of heat input only.
(2) Shut-off of heat input and delayed stop of fluid flow.
(3) Where heavy fuel is used.
(4) Not applicable to centrifugal pumps.
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Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring N
L =Llow, LL =Lowlow, | =individual alarm System Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | /oW~ | Shut- | Control | Standby | - Stop
down down Start

L
Expansion tank level

LL X (2)
Expansion tank temperature H
Combustion air pressure L X
Fuel oil pressure
Fuel oil temperature or viscosity (3) H+L
Burner flame failure X X
Flue gas temperature heater outlet H

HH X ()
(1)  Shut-off of heat input only.
(2) Shut-off of heat input and delayed stop of fluid flow.
(3) Where heavy fuel is used.
(4) Not applicable to centrifugal pumps.
Table 22 : Hydraulic oil system
Symbol convention Automatic control
H = High, HH = High high, G = grogp alarm Monitoring N
L =Llow, LL =Lowlow, | =individual alarm System Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | oW | Shut-} Control - Standby | Stop
down down Start

Pump pressure H
Service tank level L X (1)

propulsion stop.

(1) The automatic stop of the hydraulic pumps is to be operated in the same circumstances, except where this stop can lead to

Table 23 : Boiler feed and condensate system for main and auxiliary boiler

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

L =Low, LL =Lowlow, | =individual alarm Monitoring System Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication ZIOW' shut-—| Control | Standby | - Stop
own down Start
Sea water flow in condenser or equivalent L X
Vacuum in condenser (2) L
LL X
Water level in main condenser (unless justified) H+L
X
HH X
Salinity of condensate H
Feed water pump delivery pressure L X
Feed water tank level L
Deaerator inside temperature or pressure (2) L+H()
Water level in deaerator (2) L+H
Extraction pump pressure (2) L
Drain tank level L+H
(1) In the case of forced circulation boiler.
(2) When installed.
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Table 24 : Compressed air system

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

L =Llow, LL =Lowlow, | =individual alarm Monitoring System Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication ZIOW_ Shut- | Control | Standby | - Stop
own | down Start

Air temperature at compressor outlet H
Compressor lubricating oil pressure (except where LL X
splash lubrication)
Control air pressure (3) L R

X
Starting air pressure before main shut-off valve L 2 |local+R (1)

X

X X

Safety air pressure (3) L

X

(1) Remote indication is required if starting of air compressor is remote controlled, from wheelhouse for example.

(2) For starting air, the alarm minimum pressure set point is to be so adjusted as to enable at least four starts for reversible propulsion
engines and two starts for non-reversible propulsion engines.

(3) When supplied through reducing valve, see Pt C, Ch 1, Sec 10, [2.5.4].

Table 25 : Cooling system

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

Monitoring

L =Llow, LL =Lowlow, | =individual alarm System Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | /oW~ | Shut- Control | Standby | Stop
down down Start
Sea water pump pressure or flow X X
L
Fresh water pump pressure or flow X X
L
Level in cooling water expansion tank L
Table 26 : Thrusters
Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring N
L =Llow, LL =Lowlow, | =individual alarm Thruster Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | oW | Shut-} Control - Standby | Stop
down down Start
Control oil temperature (preferably before cooler) H
Oil tank level L
Table 27 : Control and monitoring of auxiliary electrical systems
Symbol convention Automatic control
H = High, HH = High high, G = group alarm Monitoring . . y
L =Low, LL =Llowlow, I =individual alarm Main Engine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication | oW | Shut- Control - Standby | Stop
down down Start
Electric circuit, blackout X
Power supply failure of control, alarm and safety system X
Harmonic filter Electrical protection (each phase) X
(when provided) (1) | Unbalance current X
(1) Not required for harmonic filters installed for single application frequency drives such as pump motors.
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Table 28 : Auxiliary trunk-piston reciprocating I.C. engines driving generators

Symbol convention
H = High, HH = High high, G = group alarm

Monitoring

Automatic control

L =Low, LL =Low low, | =individual alarm Engine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication 3IOW' shut- | Control | Standby | - Stop
own down Start
Fuel oil viscosity or temperature before injection (for L+H local
engine running on heavy fuel) X
Fuel oil pressure local
Common rail fuel oil pressure L
Fuel oil leakage from high pressure pipes H
Lubricating oil temperature H
Lubricating oil pressure L local X (4)
LL X
Activation of oil mist detection arrangements (1) (5) (7) X X
Crankcase oil mist detector failure X
Exhaust gas temperature after each cylinder (2) H R X
Turbocharger lubricating oil inlet pressure (2) (3) L local
Common rail servo oil pressure L
Pressure or flow of cooling system, if not connected to L local
main system
Temperature of cooling medium H local
Level in cooling water expansion tank, if not connected L
to main system
Engine speed local
X
H X
Speed of turbocharger (6) H
Fault in the electronic governor system X

(2) For engine power > 500 kW/cyl.

(4) When a stand by pump is required.

shut-down systems.

devices, of:

e the engine main and crank bearing

e the engine main and crank bearing oil outlet; or

(3) If without integrated self contained oil lubricating system.

Note 1: When the emergency generator is used in port, this Table applies.
Note 2: For engine driving emergency generator, see PtC, Ch 1, Sec 2, Tab 7.

(1) For engines having a power of more than 2250 kW or a cylinder bore of more than 300 mm.

(6) Only required for turbochargers of Categories B and C as defined in Pt C, Ch 1, Sec 17, [1.1.3].
(7) Activation of oil mist detection arrangements is equivalent to activation of the temperature monitoring systems, or equivalent

(5) For each engine one oil mist detector (or engine bearing temperature monitoring system or equivalent device) having two
independent outputs for initiating the alarm and shut-down would satisfy the requirement for independence between alarm and

Table 29 : Auxiliary steam turbines

Symbol convention
H = High, HH = High high, G = group alarm

Automatic control

L =Low, LL =Lowlow, | =individual alarm Monitoring Turbine Auxiliary
X = function is required, R = remote (AUT-CCS only)
Identification of system parameter Alarm | Indication ?OW_ shut- | Control | Standby |~ Stop
own down Start
local

Turbine speed X

HH X

L . L X
Lubricating oil supply pressure m X
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5 Alarm system

5.1 General

5.1.1 A system of alarm displays is to be provided which readily allows identification of faults in the machinery and satisfactory
supervision of related equipment. This may be arranged at a main control station or, alternatively, at subsidiary control stations.
In the latter case, a master alarm display is to be provided at the main control station showing which of the subsidiary control
stations is indicating a fault condition.

5.1.2 Unless otherwise justified, separation of monitoring and control systems is to be provided.

5.1.3 The alarm system is to be designed to function independently of control and safety systems, so that a failure or malfunction
of these systems will not prevent the alarm system from operating. Common sensors for alarms and automatic slowdown
functions are acceptable as specified in each specific table.

5.1.4 The alarm system shall be continuously powered and shall have an automatic change-over to a standby power supply in
the case of loss of normal power supply.

5.2 Alarm system design
5.2.1 The alarm system and associated sensors are to be capable of being tested during normal machinery operation.

5.2.2 Insulation faults on any circuit of the alarm system are to generate an alarm, when an insulated earth distribution system
is used.

5.2.3 Anengineers’ alarm is to be activated when the machinery alarm has not been accepted in the machinery spaces or control
room within 5 minutes.

5.2.4 The alarm system is to have a connection to the engineers’ public rooms and to each of the engineers’ cabins through a
selector switch, to ensure connection to at least one of those cabins.

5.3 Machinery alarm system

5.3.1 The local silencing of the alarms on the bridge or in accommodation spaces is not to stop the audible machinery space
alarm.

5.3.2 Machinery faults are to be indicated at the control locations for machinery.

5.4 Alarm system on navigation bridge

5.4.1 Alarms associated with faults requiring speed reduction or automatic shutdown are to be separately identified on the

bridge.

5.4.2 The alarm system is to activate an audible and visual alarm on the navigation bridge for any situation which requires action
by or the attention of the officer on watch.

5.4.3 Individual alarms are to be provided at the navigation bridge indicating any power supply failures of the remote control
of propulsion machinery.

6 Safety systems

6.1 General

6.1.1 Safety systems of different units of the machinery plant are to be independent. Failure in the safety system of one part of
the plant is not to interfere with the operation of the safety system in another part of the plant.

6.1.2 In order to avoid undesirable interruption in the operation of machinery, the system is to intervene sequentially after the
operation of the alarm system by:

e starting of standby units

e |oad reduction or shutdown, such that the least drastic action is taken first.

6.1.3 The arrangement for overriding the shutdown of the main propelling machinery is to be such as to preclude inadvertent
operation.

6.1.4 After stoppage of the propulsion engine by a safety shutdown device, the restart is only to be carried out, unless otherwise
justified, after setting the propulsion bridge control level on “stop”.
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7 Testing

7.1 General

7.1.1 Tests of automated installations are to be carried out according to Pt C, Ch 3, Sec 6 to determine their operating conditions.
The details of these tests are defined, in each case, after having studied the concept of the automated installations and their
construction. A complete test program is to be submitted for approval.

7.1.2 The tests of equipment carried out alongside the quay under normal conditions of use include, for instance:
¢ the electrical power generating set
¢ the auxiliary steam generator
¢ the automatic bilge draining system
¢ automatic centrifugal separators or similar purifying apparatus
e automatic change-over of service auxiliaries
¢ detection of high pressure fuel leaks from diesel generating sets or from flexible boiler burner pipes
¢ in case of flooding alarm provided a test of protection against flooding.
e test of fire detection system:
- test of normal operation of the fire detection system (detection, system faults)
- test of detection in the scavenging air belt and boiler air duct
- test of the fire detection system as per [3.2.16].

7.1.3 Sea trials are used to demonstrate the proper operation of the automated machinery and systems. For this purpose, for
instance, the following tests are to be carried out:

¢ Test of the remote control of propulsion:

- checking of the operation of the automatic control system: programmed or unprogrammed starting speed increase,
reversal, adjusting of the propeller pitch, failure of supply sources, etc.

- checking of the crash astern sequence, to ensure that the reversal sequence is properly performed from full away, the ship
sailing at its normal operation speed. The purpose of this check is not to control the nautical performances of the ship
(such as stopping distance, etc.)

- finally, checking of the operation of the whole installation in normal working conditions, i.e. as a general rule without
watch-keeping personnel for the monitoring and/or running of the machinery during 6 h at least

- The following procedure may, for instance, be chosen: “underway” at the ship’s rated power during 3 h, then decreasing
to “full ahead”. Staying in that position during 5 min. Then stopping for 15 min. Then, putting the control lever in the
following positions, staying 2 minutes in each one: astern slow, astern half, astern full, full ahead, half ahead, stop, full
astern, stop, ahead dead slow, half ahead, then increasing the power until “underway” position.

e Test of the operating conditions of the electrical production:
- automatic starting of the generating set in the event of a blackout
- automatic restarting of auxiliaries in the event of a blackout
- load-shedding in the event of generating set overload
- automatic starting of a generating set in the event of generating set overload.
e Test of operating conditions, including manoeuvring, of the whole machinery in an unattended situation for 6 h.

7.2 Specific requirement for ships fitted with engine using both low-flashpoint gaseous fuels and
fuel oil as fuel

7.2.1 For ships assigned the additional class notation LNGFUEL dualfuel, CNGFUEL dualfuel, LPGFUEL dualfuel or, as relevant,
other additional class notations defined in Pt A, Ch 1, Sec 2 [4.13], the sea trials are to include additional tests to demonstrate
the following capabilities in gas fuel mode:

a) Engine starting in gas fuel mode, if applicable
b) Switchover from oil fuel mode to gas fuel mode and vice versa at different loads
c) Blackout test (when the dual fuel engine drives a generator), in order to check:
¢ the automatic starting and connecting of stand-by generator(s)
e the satisfactory operation of the tank pressure and temperature control system
e the satisfactory operation of gas fuel handling and supply systems

d) Checking of the crash astern sequence (when the dual fuel engine is used as a propulsion engine).

7.2.2 The proper operation of the automated machinery and systems is to be demonstrated in both oil fuel mode and gas fuel
mode. The tests defined in [7.1.3] are to be carried out during a period of at least 6 h in oil fuel mode and during an additional
period of at least 1 h in gas mode in addition to shipboard trials required in Pt C, Ch 1, App 2, [4.3.1].
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Section 2 Centralised Control Station (AUT-CCS)

1 General

1.1 Application

1.1.1 The additional class notation AUT-CCS is assigned in accordance with Pt A, Ch 1, Sec 2, [6.4.3] to ships fitted with a
machinery installation operated and monitored from a centralised control station, and complying with the requirements of this
Section.

It applies to ships which are intended to be operated with machinery spaces unattended, but with continuous supervision from
a position where control and monitoring devices of machinery are centralised.
Note 1: Machinery spaces are defined in Pt C, Ch 4, Sec 1, [2.30.1].

1.1.2 Remote indications for continuous supervision of the machinery are to be located in a centralised control position, to allow
a watch service of the machinery space.

1.1.3 The provisions of Ch 3, Sec 1, [1.1.3] and Ch 3, Sec 1, [1.1.4] are also applicable for the additional class notation AUT-
CCS.

1.2 Exemptions

1.2.1 Exemptions mentioned in Ch 3, Sec 1, [1.2] may also be considered for the additional class notation AUT-CCS.

1.3 Communication system

1.3.1 A means of communication is to be provided between the centralised control station, the navigation bridge, the engineers’
accommodation and, where necessary, the machinery spaces.

1.3.2 The requirements mentioned in Ch 3, Sec 1, [1.3] are applicable.

2 Documentation to be submitted

2.1 General
2.1.1 In addition to those mentioned in Pt C, Ch 3, Sec 1, Tab 1, documentation according to Tab 1 is required.

Table 1 : Documentation to be submitted for the additional class notation AUT-CCS

No. | A/ (1) Documentation
1 A Means of communication diagram
2 A | Central control position layout and location
3 A System of protection against flooding
(1) A: to be submitted for approval ; I: to be submitted for information.

3 Fire and flooding precautions

3.1 General

3.1.1 The requirements mentioned in Ch 3, Sec 1, [3] are applicable, except for Ch 3, Sec 1, [3.4.4].

The calculation of the time it takes to reach the sea valves required under Ch 3, Sec 1, [3.4.3] should be determined based on
the distance between the centralised control station and the platform from where the valves are manually operated.

3.1.2 The fire detection and flooding alarms are to be transmitted to the centralised control position.
4 Control of machinery

4.1 Propulsion plant operation

4.1.1 The centralised control position is to be designed, equipped and installed so that the machinery operation is as safe and
effective as if it were under direct supervision.
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4.1.2 Monitoring and control of main systems are to be designed according to the requirements mentioned in Ch 3, Sec 1, [4].
Additional indications, as alarms and measured values, in the centralised control position are required, and shown in the table
with the symbol R.

4.1.3 In the centralised control position, it is to be possible to restore the normal electrical power supply in the case of power
failure (e.g. with remote control of the generating sets), unless an automatic restart is provided.

4.1.4 Automatic restart of essential auxiliaries for propulsion and steering may be replaced by remote control from the
centralised control position.

4.1.5 The status of machinery (in operation or on standby) and all parameters crucial to the safe operation of essential machinery
are to be shown at the centralised control position.

4.1.6 Under all sailing conditions including manoeuvring, the speed, direction of thrust and, if applicable, the pitch of the
propeller are also to be fully controllable from the centralised control position.

4.1.7 In addition to the requirements in Ch 3, Sec 1, [4.1.10], the device to prevent overload, when automatic or remote
controlled from the centralised control position, is to be fitted with an alarm indicating the necessity of slowing down.

4.2 Control position location

4.2.1 The centralised control position is to be located in the machinery space or adjacent to it. Other arrangements are to be
submitted to the satisfaction of the Society.

4.2.2 If the centralised control position is an enclosed space located in the machinery spaces, it is to be provided with two safe
fire escapes.

5 Alarm system

5.1 General
5.1.1 Every alarm is to be indicated visually and audibly at the centralised control position.

5.1.2 Requirements mentioned in Ch 3, Sec 1, [5] are applicable except Ch 3, Sec 1, [5.2.4].

6 Safety system

6.1 General

6.1.1 Safeguard disactivation, if provided at the centralised control position, is to be so arranged so that it cannot be operated
accidentally; the indication «safety devices off» is to be clearly visible. This device is not to disactivate the overspeed protection.

6.1.2 Safety systems provided with automatic operation may be replaced by remote manual operation from the centralised
control position.

7 Testing

7.1 Tests after completion

7.1.1 Tests are to be carried out of all systems which are required to be in operation at the quay, such as the fuel oil purifier
system, electrical power generation, auxiliary steam generator, etc.

7.2 Seatrials

7.2.1 The sea trials are to demonstrate the proper operation of automation systems. A detailed test program is to be submitted
for approval. As a minimum, the following are to be tested:

¢ the remote control system of propulsion machinery
¢ electrical production and distribution

¢ efficiency of the fire detection and fire alarm system
¢ protection against flooding

¢ continuous operation in all sailing conditions, including manoeuvring, for 6 hours with unattended machinery spaces and at
least one person in CCS.
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Section 3 Automated Operation in Port (AUT-PORT)

1 General

1.1 Application

1.1.1 The additional class notation AUT-PORT is assigned in accordance with Pt A, Ch 1, Sec 2, [6.4.4] to ships fitted with
automated installations enabling the ship’s operation in port or at anchor without personnel specially assigned for the watch-
keeping of the machinery in service, and complying with the requirements of this Section.

1.1.2 The arrangements provided are to be such as to ensure that the safety of the ship in port is equivalent to that of a ship
having the machinery spaces manned.

1.1.3 The provisions of Ch 3, Sec 1, [1.1.3] and Ch 3, Sec 1, [1.1.4] are also applicable for the additional class notation AUT-
PORT.

1.2 Exemptions

1.2.1 Exemptions mentioned in Ch 3, Sec 1, [1.2] may also be considered for the notation AUT-PORT.

1.2.2 Ship of less than 1600 gross tonnage and fishing ships of less than 75 metres in length are exempted from the requirements
in [3.1.2].

1.2.3 Fishing vessels of less than 45 metres in length are exempted from the requirements in [3.1.2] insofar as the location of the
spaces considered allows people on board to easily detect fire outbreaks.

1.3 Communication system
1.3.1 The requirements of Ch 3, Sec 1, [1.3] are applicable.
2 Documentation to be submitted

2.1 General
2.1.1 In addition to the those mentioned in Pt C, Ch 3, Sec 1, Tab 1, documentation according to Tab 1 is required.

Table 1 : Documentation to be submitted for the additional class notation AUT-PORT

No. | A/l (1) Documentation Particulars
1 A Means of communication diagram
2 A | Technical description of automatic engineers’ alarm and connection of | When applicable
alarms to accommodation and bridge
3 A | System of protection against flooding
4 | List of machinery to be in operation in port
(1) A: to be submitted for approval ; I: to be submitted for information

3 Fire and flooding precautions

3.1 general
3.1.1 The requirements given in Ch 3, Sec 1, [3] are applicable unless otherwise indicated below.

3.1.2 The remote control of the main fire pump for the pressurisation of the fire main may be located at the bridge running station
if the wheelhouse and officers’ cabins are close together. Failing this, such remote control is to be fitted at a place close to the
officers’ cabins or to the engine room exit. Alternatively, the fire main may be permanently under pressure.

3.1.3 Transmission to the navigation bridge of fire alarm and flooding is not required, but these alarms are to be directed at the
intervention personnel.

3.1.4 Automatic fire detection is to be fitted at the navigation bridge if unmanned during ship’s operation in port.
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4 Control of machinery

4.1 Plant operation

4.1.1 The machinery and systems which are to be in operation in port are to be designed according to Ch 3, Sec 1, [4], unless
otherwise stated.

4.1.2 The requirements regarding electrical production for propulsion Ch 3, Sec 1 are not applicable.

4.1.3 The operation of auxiliaries, other than those associated with propulsion, is to be designed according to Ch 3, Sec 1.

5 Alarm system

5.1 General
5.1.1 The alarm system is to be designed according to Ch 3, Sec 1, [5], unless otherwise stated in this Section.

5.1.2 The alarm system is to be designed so as to inform of any situation which requires attention of the personnel on watch.

For this purpose, an audible and visual alarm is to be activated in the centralised control station, in the engineers’ public rooms
and at each engineer’s cabin through a selector switch. Any other arrangement is to be to the satisfaction of the Society.

6 Testing

6.1 Tests after completion

6.1.1 Tests are to be carried out of all systems which are required to be in operation in port, such as: the fuel oil purifier system,
electrical power generation, auxiliary steam generator, etc.
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Section 4 Integrated Machinery Spaces (AUT-IMS)

1 General

1.1 Application

1.1.1 The additional class notation AUT-IMS is assigned in accordance with Pt A, Ch 1, Sec 2, [6.4.5] to ships fitted with
automated installations enabling periodically unattended operation of machinery spaces and additionally provided with an
integrated computer based system for the control and monitoring of machinery.

This notation is assigned when the requirements of this Section are complied with in addition to those of Ch 3, Sec 1 for the
assignment of the notation AUT-UMS.

1.1.2 The design of automation systems including computer based systems is to be such that functionality of all services remains
available when a single failure occurs.

1.1.3 The notation -HWIL is added to the additional class notation AUT-IMS when the control system has been verified
according to the requirements of NR632 Hardware-in-the-loop Testing.

2 Documentation to be submitted

2.1 General

2.1.1 In addition to the those mentioned in Pt C, Ch 3, Sec 1, Tab 1 and Ch 3, Sec 1, Tab 1, the documentation listed in Tab 1
is to be submitted.

Table 1 : Documentation to be submitted for the additional class notation AUT-IMS

No. | A/ (1) Documentation Particulars
1 | Block diagram of the integrated computer based
systems
2 | Description of the data transmission protocol

I Description of the auto-diagnosis function

4 | Failure Mode and Effect Analysis Describing the effects of failures on the integrated computer
based system used for the control and monitoring of machinery

(1) A: to be submitted for approval; I: to be submitted for information.

3 Fire and flooding precautions

3.1 Fire prevention

3.1.1 The height of oil-tight coamings of boiler gutterways is to be designed in accordance with Pt C, Ch 1, Sec 10, [5.10.4].
Other gutterways are to have a coaming height not less than 150 mm. Their drain inlet is to be fitted with suitable protection
such as a grid or small welded rods. Drain pipes are to be sufficiently large and free from sharp bends or horizontal or rising
portions.

The height of gutterway coamings around the fuel oil components of diesel engines (injection pumps, filters, etc.) may, due to
their small dimensions, be reduced to 75 mm.

On small diesel engines, when construction of such gutterways around the aforesaid devices is difficult, a gutterway of 150 mm
height around the considered engine is acceptable.

3.1.2 The fastening of connections (nuts, screw, etc.) of lubricating oil or fuel oil pipes with a maximum working pressure above
1,8 bar is to be locked.

3.1.3 In addition to the requirements of Ch 3, Sec 1, [3.1], lubricating oil and fuel oil tanks are to be provided with a high level
alarm.

3.2 Fire detection

3.2.1 In addition to that required in Ch 3, Sec 1, [3.2], fire detection is also to be provided in rooms containing oil hydraulic
equipment, operated without watch-keeping personnel, and adjacent to such rooms or to those listed in Ch 3, Sec 1, [3.2].

3.2.2 Fire detection is to be able to detect either smoke or combustion gas.
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3.2.3 Each detector is to be provided with a clear indicator showing that it is activated by a fire. A repeater of this indicator is
required for detectors situated in spaces which are not easily accessible or can be locked, such as fuel or oil purifier rooms,
workshops, stores, etc.

Repeaters may be omitted for fixed fire detection and fire alarm system with remotely and individually identifiable fire detectors
(i.e. addressable fire detectors).

3.3 Fire fighting

3.3.1 Some of the portable and mobile extinguishers required are to be located in the following places:
¢ close to the engine room entrances

¢ close to the engine control room.
3.3.2 The emergency stop of machinery space ventilation is to be possible from the navigation bridge or in proximity.

3.3.3 Where some remote safety action is possible from the wheelhouse on thermal fluid heaters or incinerators, the alarm
grouping is to enable the operator to avoid any confusion when initiating such action.

3.4 Protection against flooding

3.4.1 Analarm is to be given on the navigation bridge in the event of flooding in machinery spaces situated below the load line.
This alarm is to be separated from the others, individual for each machinery space and triggered early, at flooding outset.

4 Integrated computer based systems

4.1 General
4.1.1 The following requirements apply in addition to those in Pt C, Ch 3, Sec 3 and Ch 3, Sec 1.

4.1.2 Integrated computer based system used for the control and monitoring of services essential for the propulsion and safety
of the ship (e.g. propulsion, electricity production) is to be fault tolerant.

4.1.3 A Failure Mode and Effects Analysis (FMEA) is to be carried out in accordance with IEC Publication 60812:2018 or any
other recognised standard in order to demonstrate that control and monitoring functions remain available in the event of a single
failure of the integrated computer based system.

Note 1: Requirements given in Ch 2, App 1 may be used for guidance.

Note 2: Normally, no consideration is given to defects occurring simultaneously; however in the case of defects which would remain undetected,
it might be necessary to take into consideration the adding of several independent defects.

4.2 Design requirements

4.2.1 Necessary arrangements are to be made to avoid interaction between the various automatic control circuits in the event
of a fault in one of them (e.g. galvanic separation of automatic control electric circuits or earth leak monitoring device with
possibility of disconnecting the faulty circuit, keeping the others in service); this applies in particular to the propulsion plant of
steam vessels.

4.2.2 The machinery computer network is to allow communication between subsystems to an extent acceptable for this network.
The subsystems interconnected on the network are as follows:

¢ automation systems for control of machinery according to the requirements of Ch 3, Sec 1, [4], and

¢ automation systems for dynamic positioning when applicable.

4.2.3 The machinery computer network is not to be used for non-essential functions. A separate network is to be provided for
these non-essential functions, where necessary.

4.2.4 In addition to the requirements of Pt C, Ch 3, Sec 3, [6], the machinery computer network is to be redundant and, in the
case of failure of one network, automatic switching to the other network is to be provided.

4.2.5 The integrated automation system is to be designed such that the subsystem is still operating in the case of loss of
transmission of the network.

4.2.6 In the case of failure of one workstation, the corresponding functions are to be possible from any other station, without a
stop of the system in operation. Particular attention is to be paid to the configuration of the workstations.
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5 Construction requirements

5.1 Electrical and electronic construction requirements

5.1.1 In order to resist vibrations, connections are to be made carefully, for instance by using terminals crimped on the insulated
conductor, or by means of heat shrinkable sleeves, etc.

5.1.2 Direct soldered connections on printed cards are to be avoided. Fastening of the printed cards is to make their connectors
free of mechanical stresses. Response to vibration of the printed cards and of their components is to be specially considered.

5.2 Pneumatic construction requirements

5.2.1 Compressed air is to be supplied from two sources having sufficient flow rate to allow normal operation while one is out
of service. The pressure is to be automatically maintained at a value allowing satisfactory operation of the installation.

5.2.2 One or more air vessels fitted with non-return valves are to be provided and reserved for monitoring and control
installations.

5.2.3 If compressed air used for monitoring and control circuits is supplied by reducing valves, the latter are to be duplicated,
together with their filters, unless an emergency air supply is provided.

5.2.4 Necessary provision is to be made to ensure continuous and automatic cooling, filtering, dehydration and oil separation
of the compressed air prior to its introduction into the monitoring and control circuits.

5.2.5 When oiling of the air is necessary for the lubrication of some pneumatic components, it is to be done directly to the supply
side of these components.

5.3 Hydraulic construction requirements

5.3.1 At least two feed pumps are to be provided so that the pressure in circuits can be maintained while one of the pumps is
out of service. Piping and accessories are to be so arranged that it is possible to carry out maintenance and repairs on one pump
while the second remains in operation.

5.3.2 The capacity of the tanks is to be sufficient to ensure:
¢ the maintenance of a suitable level in normal service and during stop periods

¢ the settling of impurities and the air-freeing of the liquid.

5.3.3 Thefilling and return piping for these tanks is to be so arranged as to avoid any abnormal turbulence and excessive aeration
of the liquid. The location of tanks and suction pipes is to ensure correct supply of the pumps.

5.3.4 The hydraulic fluids are to have appropriate and constant characteristics for their use and particularly a satisfactory
viscosity at all the temperatures at which they are to operate in normal service; their flashpoint and their temperature of self-
ignition or of destruction by heat are to be the highest possible. The materials used for the various parts of the circuits are to be
adapted to the nature and characteristics of the liquids employed.

5.3.5 Transducers connecting pipes are to be so designed as to avoid any delay in the transmission of information, especially
when viscous fluids are used.

5.3.6 Air venting facilities are to be foreseen for the various circuits.

6 Control of machinery

6.1 General

6.1.1 The necessary operations to pass from «manoeuvring» to «underway», and vice versa, are to be automated. This applies,
for example, to the starting of auxiliary boilers or of diesel generating sets as well as to main engine fuel oil change-over when
this change-over is necessary.

6.1.2 When passing from «stand by» to «underway» and vice versa, the gradual process of power increase and decrease, if
considered necessary by the builder, is to be automatic; nevertheless, when provided, this device is to be able to be quickly
cancelled from the bridge, to perform emergency manoeuvring.

6.1.3 The operations to be effected from the monitoring and control stations are to be defined with due consideration to the type
of installations and to their automation level. Operating conditions are also to be considered during periods when machinery
watch-keeping is ensured and during trouble periods, when intervention, or even watch-keeping, is foreseen.
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6.1.4 Where sufficiently centralised controls are situated near the various components of the plant to allow quick intervention
by a reduced personnel, the above-mentioned monitoring and control station may be replaced by a simple monitoring station,
providing information necessary for rapid and easy intervention.

6.1.5 Where some indications are transmitted to a control station by means of fluids, necessary arrangements are to be made to
avoid a leak from the piping having a detrimental effect on the operation of the surrounding equipment (circuits, terminals). In
particular, the piping of liquid fluids is to be separated from electrical apparatuses and gutters are to be provided for draining
leakage.

6.1.6 Measuring instruments located on the navigation bridge are to be lighted or luminescent; it is to be possible to adjust their
light intensity to protect the operator from dazzling. The number of dimmers is to be reduced as far as possible. Partial covers on
lamps are to be avoided; an adjusting system by trimmer is to be preferred. It is not to be possible to hide or totally extinguish
the luminous signals of alarms.

6.1.7 Arrangements are to be made to allow the propulsion plant to be restarted from the navigation bridge after a blackout.
Special attention is to be paid to certain operations such as:

¢ reset of the safety shutdown devices

¢ restart of disengageable main engines, or

¢ automatic firing of an auxiliary boiler.

An indication is to be shown on the navigation bridge as soon as propulsion can be restarted.

6.1.8 Where control and monitoring are under the supervision of one watchkeeper only, his unavailability is to release an alarm
at the bridge station.

6.2 Diesel propulsion plants

6.2.1 The lubricating system for cylinder liners, when fitted, is to be equipped with an alarm device which operates in the event
of failure of one of the distribution boxes. The monitoring is to be performed on at least two feed lines for each box and on at
least one line per cylinder.

6.2.2 Drainage of the under piston spaces of cross-head engines is to be carried out either continuously or automatically at
regular intervals. The frequency of the operation is to be manually adjustable to take account of the operating conditions and of
the engine condition (adjusting of cylinder lubrication, condition of piston rings, etc.); in this case, an alarm is to operate if
drainage has not been effected in the allotted time.

6.2.3 An alarm is to indicate any abnormal presence of water in the super-charging manifolds; in this case, unless otherwise
justified, an automatic blocking of the engine start is also to be provided.
6.2.4 In a manoeuvring condition, correct engine operation is to remain ensured automatically:

¢ where main engines are fed with heavy heated fuel oil in the “manoeuvring” condition, suitable arrangements are to be
provided to enable long duration stops

¢ if particular arrangements are necessary, such as a change in injector cooling, they are to be automated.
6.2.5 Unless justified by the Manufacturer, for remotely started engines, means are to be provided on the bridge for turning the

main engine with compressed air after any intentional stop longer than 10 min. For this purpose a warning light, suitably labelled
and automatically switched on, or any other equivalent arrangement, may be used.

This operation is to be possible only when the following conditions are fulfilled:
¢ shaft line brake released

e turning gear disengaged

e fuel pump rack at zero position

¢ bridge control system “on”.

In addition, means are to be provided at the control station in operation to check that the turning is correctly carried out.

The remote control of turning with air from the bridge is to be suppressible from the control station or the engine room.

6.2.6 For each main engine, the bridge running station is to be provided with the following additional devices:
¢ one tachometer for disengageable engines
¢ aload indicator (fuel oil pump rack) or an overload alarm

¢ asignal “automatic starting valve manually closed”.
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6.2.7 The following additional alarms are to be provided:
¢ thermal engine overload (exhaust gas temperature)

¢ low temperature of cylinder and/or piston coolant (except where justified such as for sea water recirculation). Furthermore,
the inlet and outlet valves of each cylinder are to be locked in the open position

o differential pressure through fuel oil filters
¢ high temperature of each reduction gear, reverse gear or clutch bearing.

6.3 Steam propulsion plants

6.3.1 In addition to the requirements stated in [6.1.7], special attention is to be paid to certain operations such as:
¢ reset of the safety shutdown devices

¢ restart of disengageable main engines, or

¢ automatic firing of a main or auxiliary boiler.

On board steam ships, automatic re-firing of at least one main boiler is to be provided.

6.3.2 In addition to that required in Ch 3, Sec 1, [4.3], the power reduction is to be carried out also in case of fire in exhaust gas
boilers provided with finned tubes.

6.3.3 In the event of a lack of energy supply, the dead position of the control components (valves, actuators, etc.) is to lead to
as safe a situation as possible. This relates in particular to the following components:

¢ control valve of level in the steam drum
¢ control valve of desuperheating by water injection

e control valve of fuel supply (position reducing the combustion rate to a safe value, whatever the steam demand may be. Such
a fault is as a general rule not to give rise to the complete fuel shut-off, especially in the case of ships having a single main
boiler)

¢ intake vanes of forced draught fan (as a general rule open; in such case and consequently, adjustment of the air flow is to
follow the fuel rate fluctuations and not vice versa).

6.3.4 Special arrangements are to be made to avoid accidental tripping of the water level safety monitoring devices, due for
instance to ship motions. If the action of such devices has been time delayed, justification of the time value is to be given to the
Society.

6.3.5 An automatic monitoring device is to shut off immediately the fuel feeding in the case of non-detection of the
corresponding flame: arrangements are to be made to prevent this device from being influenced by the radiation emitted by the
other burners.

Automatic flame monitoring devices are to be so designed and constructed as to ensure satisfactory safety: any defect of such
devices is to have an active character and lead to an alarm, as well as the extinguishing of the burner concerned.

Flame control sensors are to be suitably protected against thermal effects which would be harmful as well as against soot deposits.

Fuel shut-off to a burner through a safety monitoring device may be followed by an automatic firing attempt, provided that all
precautions are taken to ensure the safety of the operation. No second attempt is allowed without manual local action.

An automatic flame monitoring system is to be in operation while burners are automatically operated. However, the flame
monitoring may be overridden to allow burner light up, soot blowing and manual combustion control. During the automatic
firing period, monitoring disactivation is to be automatic: duration of disactivation is to be set to the minimum compatible with
sure light up and in all cases is to be inferior to a period of time t, in seconds, given by the formula:

t=151x10%/Pcix Q

Pci : Lower calorific value, in )

Q . Flow provided for light up of first burner in automatic mode, in kg/h.

If necessary, permanent auxiliary burners may be used; such burners are to be provided with their own flame monitoring devices.

6.3.6 Following a blackout, the automatic re-firing of at least one main boiler is to be provided. The sequential re-firing is to be
possible only if there is a non-dangerous situation. Firing of the first burner is to be automatically prepared by an air pre-purge
sequence of the furnace and uptakes. A pre-purge sequence is only allowed to take place when fluid pressure before the last
valve is cancelled or greately reduced. The duration of this sequence is to enable the delivery of a volume of air of more than 3
times the combustion chamber and uptake volume. During this sequence, burner air registers and dampers which may be located
in the gas path are to be wide open and forced draught fans are to be settled at a speed sufficient to ensure good scavenging. The
number of burners fired automatically is to allow normal speeds and notably «full astern». Firing of burners by proximity may be
accepted subject to justification and satisfactory tests. In the event of unsatisfactory tests (flame in bad position, limited explosion,
etc.), one igniter for each burner may be required.

6.3.7 Arrangements are to be made so that in the event of «crash astern» the boiler is able to automatically supply all the
necessary output; the burner control system is to be particularly considered for this purpose.
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6.3.8 Itis to be possible to individually control each burner from a monitoring station situated in the engine room. Adjusting of
the combustion rate is to be carried out automatically. Light up or extinguishing of burners, when necessary, is to be done without
intervention of the personnel. According to their type, automatic draining of burners during shut-off may be required. Closing of
a burner register is as a rule, except during its firing period, to give rise to the shut-off of its own fuel supply. When a boiler is
shut down (safety shutdown action, remote action, during pre-purge before firing, after a blackout, etc.), fuel pressure before the
terminal shut-off device of burner(s) is to be automatically disactivated or greatly reduced by appropriate means.

6.3.9 Steps are to be taken to avoid and detect any pollution of condensed water returns from heating steam circuits by
hydrocarbons. For instance, hydrocarbons can be automatically monitored before entering the drain tank.

6.3.10 Where carried out by an automatic device, soot blowing is to be preceded by a warning and draining of the piping. If
necessary, steps are to be taken to prevent detrimental conditions being induced in the boiler operation by cleaning actions. All
blowers are to be locally operable.

6.3.11 Permanent recording of the following parameters is to be provided:
¢ drum water level (for each boiler)

e burner supply pressure

¢ burner air flow or pressure

¢ superheated steam pressure and temperature.

Furthermore, the additional arrangements listed in Tab 2 are to be provided.

Table 2 : Main boilers

Symbol convention Automatic control

H = High, HH = High high, G = group alarm -
T Monitoring

L =Low, LL =Low low, | = individual alarm Main boiler Auxiliary

X = function is required, R = remote

Slow- Shut- | Control | Standby | Stop

Identification of system parameter Alarm | Indication down | down Start

Feed water turbo pump automatic shutdown X

Presence of water in fuel oil, except where arrangement is X
such (volume contained below suction pipe) that draining
once a day gives sufficient safety

Pressure drop through filters

Il

Combustible gas pressure X (1)
X (1)
X (1)

X (1)

—

Combustible gas temperature H

Combustible gas uptake fan stop

Gas detection in the uptakes

Smoke opacity of combustion gas

Superheated steam pressure X (2)

Soot blowing automatic sequence fault

Steam heating drain oil pollution

Pressure drop through de-oiler

X | X | X| x| —| IT|x|Xx|+

Fire in air heater (where heat exchanger is provided from local

smoke to air)

Rotative air heater fire

Rotative air heater rotation stop

Rotative air heater bearing and thrust bearing temperatures

Rotative air heater motor drive

Forced draught fan lubricating oil pressure

Forced draught fan overspeed (turbo only)

T | X|— | X| IT| x| X

Forced draught fan plain bearings temperature

(1) Automatic shut-off of the burner line.
(2) Shutdown of the large consumers which are not essential to propulsion, such as cargo or ballast turbo pump, etc.
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6.3.12 Maintaining of a sufficient vacuum is to be ensured even in the event of crash astern or during long full astern manoeuvre.

6.3.13 To prevent shutdown in the case of vacuum loss when in full astern during an excessive period, the setting point of the
vacuum fault alarm is to be adjusted to give sufficient time for the possible necessary precautions to be taken (slowdown). This
alarm is to involve automatic slowdown or is to indicate clearly in the wheelhouse the necessity to slow down.

6.3.14 The functions and equipment listed below are the subject of a particular examination, in order to determine the
arrangements, alarms and safeguards to be provided:

e automated steam bypass to the condenser
¢ H.P. bled steam circuits (in order to avoid possible water return into the H.P. turbine in the event of malfunctions)

e water drains from which there is a risk of pollution by sea water.

6.3.15 During automatic spinning, when the steam pressure of the turbines reaches a preset value stated by the builder, without
having caused the line shafting to turn, a safety device is to shut down the manoeuvring gear. At every control position a separate
audible and visible signal is to precede spinning in sufficient time to allow the cycle to be stopped if necessary.

6.3.16 The propeller r.p.m control device is to moderate the variation rate of steam input pressure, in correct and safe relation
to the turbine and boiler capability.

6.3.17 When manoeuvring, correct plant operation is to be ensured automatically. For this purpose, some operations are to be
automated. This applies, in particular, to the following:

e manoeuvring of the astern stop valve
¢ opening and closing of the main turbine and manifold drain valves

e operation of the automatic spinning sequence.

6.3.18 The operations necessary to pass from “manoeuvre” to “underway” and vice versa are to be automated. This applies in
particular to the following:

¢ bleed steam circuits

e steam bypass valves to the turbines

¢ additional valves

e circulation of sea water by scoop or by pump

e steam bypass to main condenser.
6.3.19 Additional requirements for steam turbine propulsion plants are given in Tab 3.

Table 3 : Main turbines

Symbol convention Automatic control

H = High, HH = High high, G= group alarm Monitoring

L =Low, LL =Low low, I = individual alarm Main turbine Auxiliary

X = function is required, R = remote

Identification of system parameter Alarm | Indication | /o= | Shut- | Control | Standby |- Stop
down down Start

Pressure drop through lubricating oil filter H

Water in lubricating oil of reduction gear return tank, or H

level in lubricating oil of reduction gear return tank H

(when dehydrator is provided)

Main condenser flooding X (1)

Auxiliary condenser sea water flow or equivalent L

Auxiliary condenser delivery pressure, or flow, of L

condensate pump

Exhaust steam manifold to atmosphere or equivalent X
(high pressure)

(1)  When axial condenser.

6.4 Gas turbine propulsion plant
6.4.1 Additional requirements for gas turbine propulsion plants are given in Tab 4.

6.4.2 Normal operation of the turbine is to include regular rinsing of the combustion air circuit.
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Table 4 : Gas turbine propulsion plants

Symbol convention Automatic control

H = High, HH = High high, G= group alarm Monitoring

L = Low, LL = Low low, | = individual alarm Main Turbine Auxiliary
X = function is required, R = remote

Slow- Shut- | Control | Standby | Stop

Identification of system parameter Alarm | Indication down | down Start

Metal particle detection in lubricating oil

Lubricating oil temperature inlet to turbine

Lubricating oil tank level

Metal particle detection in fuel oil

X | X | —| I X

Fuel oil deaerator efficiency

6.5 Electric propulsion plant

6.5.1 Additional requirements for the electric propulsion plant are listed in Ch 3, Sec 1, [4.6].

6.6 Shafting, clutches, CPP, gears

6.6.1 The temperature of each shaft bearing fitted between the main engine (or the reduction gear) and the sterntube is to be
monitored (alternatively, a group alarm associated with means to detect the fault is acceptable). This monitoring is not required
for ball or roller bearings.

6.7 Auxiliary systems
6.7.1 Low pressure in air vessels is to trigger an alarm.

6.7.2 If the production of auxiliary steam is necessary for the proper operation of the installations covered by the notation, and
if it is dependent on the propulsion plant power, its continuity is to be ensured in case of change in propulsion power.

6.7.3 Oil fired automated auxiliary boilers necessary for propulsion (for instance necessary to fuel heating supplying the main
engine) are to be fitted with continuous or on/off automatic combustion control. Furthermore, automatic firing of at least one of
these boilers is to be provided after blackout.

6.7.4 Package burner units, which could cause serious fires where they break their fastening or in the event of accidental or
inadvertent removal from the boiler, with the possibility of automatic firing in that position, are to be provided with appropriate
safety devices, such as:

¢ additional mechanical support of heavy units
¢ micro switch included in the firing sequence, or equivalent.

6.7.5 Where a burner is switched off, fuel pressure before the last valve is to be automatically suppressed or notably reduced by
an arrangement provided for this purpose.

6.7.6 The additional arrangements listed in Tab 5 are to be provided. However, they are not compulsory for auxiliary boilers
used for cargo or accommodation heating only.

Table 5 : Auxiliary boilers

Symbol convention Automatic control
H = High, HH = High high, G = group alarm I
Monit
L = Low, LL = Low low, | = individual alarm onttoring Boiler Auxiliary
X = function is required, R = remote
Identification of system parameter Alarm | Indication | °%- | Shut- | Control | Standby | Stop
down down Start
Water level H X (N
Oil pollution in the steam heating drains X
Circulating pump delivery pressure or flow L X (1)
Steam pressure L
Fuel oil pressure L
Misfire X
(1) Automatic fuel shut-off.
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6.7.7 Fire in an exhaust gas finned tube boiler (exhaust gas manifold high temperature) is to trigger an alarm.

6.7.8 Any risk of introducing a heated product into a stopped oil circuit is to be prevented by appropriate means (pressurisation
with nitrogen, compressed air, etc.). The additional arrangements listed in Tab 6 are to be provided.

Table 6 : Thermal fluid heaters

Symbol convention Automatic control
H = High, HH = High high, G= group alarm Monitoring
L =Low, LL =Low low, I = individual alarm System Auxiliary
X = function is required, R = remote
Identification of system parameter Alarm | Indication | S1°%- shut- | Control | Standby | Stop
down down Start
Thermal fluid leak into furnace X
X (1)
Fault in pressurisation system
Critical fire in boiler X X
(1) Automatic fuel shut-off and shutdown of the circulation.

6.7.9 The detection system for possible oil leakage into the boiler furnace is not to introduce any risk of fire extension (in
particular in connecting to the atmosphere). In addition, the oil coming from a safety valve discharge is to be suitably collected.

6.7.10 Thermal fluid heaters heated by main engine exhaust gas are to be specially examined by the Society. Taking into account
the risk inherent in this type of equipment, particular arrangements or protection may be required.

6.7.11 Incinerators for chemical products are specially examined.
6.7.12 Installation of fuel oil blending units is to be submitted to the examination of the Society.
6.7.13 An alarm is to be triggered when the blending unit outflow is too low.

6.7.14 Unexpected modifications of the blend ratio are to be detected through an appropriate device. This monitoring, fitted at
the blending unit heater outlet, is as a general rule to be effected:

¢ by supervision of the high and low temperature when heating adjustment is carried out through a viscosimeter

¢ by viscosity supervising, when heating adjustment is carried out by a thermostatic device.

6.7.15 Precautions are to be taken in order to prevent malfunction of the propulsion plant and electric power plant in case of
blending unit failure (automatic change-over to light fuel oil for instance).

6.7.16 Where necessary, steps are to be taken to reduce or suppress blend heating when the heavy fuel rate is too low.

6.7.17 As a general rule, the homogeneity of the blend is to be ensured; this may involve a special arrangement, more
particularly when tanks are provided between the blending unit and booster pumps.

6.7.18 Other evaporators than those associated to propulsion are to be provided with the arrangements listed in Tab 7.

Table 7 : Evaporators

Symbol convention Automatic control
H = High, HH = High high, G= group alarm Monitoring N
L =Low, LL =Llow low, I = individual alarm Evaporator Auxiliary
X = function is required, R = remote
o . - low- hut- |
Identification of system parameter Alarm | Indication | >1°W Shut Control | Standby | - Stop
down down Start
Electric fault at pump X
Heating fluid pressure or flow L
Excessive salinity of distilled water H X (1)
(1) Automatic draining to bilge or re-circulation
Rules for the Classification of Steel Ships - NR467 July 2026

PtF, Ch 3, Sec 4
119




Pt F, Ch 3, Sec 4

6.8 Control of electrical installation

6.8.1 Where the electrical power is exclusively produced by diesel generator sets, the oil quantity in the crankcase (volume
contained between the maximum and minimum levels indicated by the engine builder) is to allow continuous service of 24 h at
full load with 2,5 g/kW/h oil consumption. Alternatively, automatic lubricating oil make up to the crankcase may be accepted.

6.8.2 Where generators can be paralleled, installation is to include automatic start, synchronising, connecting and load sharing.

6.8.3 Where the number of generators in service is to vary according to operating condition, starting and connecting of
supplementary generators, entailed by the use of equipment during manoeuvring, is not to require intervention in machinery
spaces.

6.8.4 Where starting of the standby generating set mentioned in Pt C, Ch 2, Sec 3, [2.2] depends on emergency generating set
running, precautions are to be taken to ensure automatic connecting of the latter. In particular, the following alarms are to be
provided:

¢ preheating and pre-lubricating failure (except where the engine Manufacturer stipulates that these operations are not
indispensable)

e starting air pressure low (or equivalent)

¢ fuel oil tank level low.
6.8.5 The additional arrangements for electricity production listed in Tab 8 are to be provided.

Table 8 : Electricity production

Symbol convention Automatic control
H = High, HH = High high, G= group alarm Monitoring
L =Low, LL =Llow low, I = individual alarm Prime mover Auxiliary
X = function is required, R = remote
Identification of system parameter Alarm | Indication | 10w | Shut- | Control | Standby |~ Stop
down down Start
Main diesel generator
Cylinder cooling general outlet temperature (where L
preheating is provided)
Pre-lubrification failure, if applicable X
Crankcase or return tank level (when electrical production L
is only supplied by diesel generator sets)
Fuel oil pressure L
Differential pressure through filters (when fuel oil pipeline X
is common to several diesel generators)
Turning gear or bar engaged X (1)
Fault of primary cooling (when centralised) X
Turbogenerator
Thrust and reduction gear bearing temperature ‘ H ‘ ‘ ‘ ’ ‘ ‘
Generator
Sleeve bearing temperature H
Flow or pressure of coolant (when liquid cooled)
Cooler inlet temperature (when liquid cooled) H
Electric circuits
Insulation resistance of electrical supply to essential L
automatic control system and to essential propulsion
auxiliaries
Generator overload (110 % of rated current) X X (2)
(1) Safety lock of automatic start.
(2) Automatic load shedding.
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6.8.6 The requirements stated in Pt C, Ch 3, Sec 2, [8.4.1] and Ch 3, Sec 1, [4.8.1] apply also to the following:

6.8.

turbo feed pumps of main boilers

fuel oil supply pump to main boilers

rotative air heater motor drive

turbo generator lubricating oil pump (if necessary)

main condensate pump (main condenser)

vacuum pump (where air ejectors are provided, the steam supply valves are to be physically locked)
condensate pump (auxiliary condenser)

cooling sea water pump to auxiliaries of turbines and gearing (where essential auxiliaries are cooled)
hydraulic pump for remote control.

7 The automatic restart of essential electrical auxiliaries after blackout is to be as fast as practicable and, in any case, less

than 5 minutes.

7

7.1

7.1.

7.2

7.2.

Rule
PtF,

Testing

Additional testing

1 In addition to those required in Ch 3, Sec 1, the following additional tests are to be carried out at sea:
checking of the proper operating condition of fire detection in economisers, exhaust gas boilers fitted with finned tubes, etc.

checking of the proper operating condition of the integrated computer based systems used for monitoring, control and safety
of machinery and in particular:

- visual inspection

- functional operation of workstation

- transfer of control of workstation

- inhibition function of alarms

- alarm acknowledgement procedure

- simulation of internal and external failure of the integrated system, including loss or variation of power supply
- wrong data insertion test.

Maintenance equipment

1 For maintenance, at least the following equipment is to be supplied:

equipment for testing pressure sensors

equipment for testing temperature sensors

testing equipment as described in Ch 3, Sec 1, [3.2.16] for fire detectors, comprising extension rods for quick and easy testing
a portable tachometer, if necessary.
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CHAPTER 4
INTEGRATED AND DIGITAL SYSTEMS

Section 1 Centralised Navigation Equipment (SYS-NEQ)
Section 2 Integrated Bridge Systems (SYS-IBS)
Section 3 Centralised Navigation Equipment - Offshore Support Vessel

(SYS-NEQ-OSV)
Section 4 Ship-Shore Communication
Section 5 Data Infrastructure (DATA-INFRA)

Rules for the Classification of Steel Ships - NR467 July 2026
Part F, Chapter 4
122



Pt F, Ch 4, Sec 1

Section 1 Centralised Navigation Equipment
(SYS-NEQ)

1 General

1.1 Application

1.1.1 The additional class notation SYS-NEQ is assigned, in accordance with Pt A, Ch 1, Sec 2, [6.5.2], to ships fitted with a
centralised navigation control system so laid out and arranged that it enables normal navigation and manoeuvring operation of
the ship by two persons in cooperation.

This notation is assigned when the requirements of Articles [1] to [5], [7] and [8] of this Section are complied with.

1.1.2 The additional class notation SYS-NEQ-1 is assigned, in accordance with Pt A, Ch 1, Sec 2, [6.5.2], when, in addition to
[1.1.1], the installation is so arranged that the navigation and manoeuvring of the ship can be operated under normal conditions
by one person for periodical one man watches. This notation includes specific requirements for prevention of accidents caused
by the operator’s unfitness.

This notation is assigned when the requirements of this Section are complied with.

1.1.3 The composition and the qualification of the personnel on watch remain the responsibility of the Owner and the
Administration. The authorisation to operate the ship in such condition remains the responsibility of the Administration.

1.2 Operational assumptions

1.2.1 The requirements are framed on the following assumptions:

¢ Plans for emergencies are specified and the conditions under which a one man watch is permitted are clearly defined in an
operations manual which is acceptable to the Administration with which the ship is registered.

¢ The manning of the bridge watch is in accordance with the national regulations in the country of registration and for the
waters in which the ship is operating.

¢ The requirements of the International Convention on Standards of Training Certification and Watchkeeping for seafarers
(STCW) and other applicable statutory regulations are complied with.

1.3 Regulations, guidelines, standards

1.3.1 The requirements are based on the understanding that the applicable regulations and guidelines issued by the International
Maritime Organisation are complied with, in particular:

a) Regulations 15 to 28, Chapter V of the 1974 “International Convention for the Safety of Life at Sea” (SOLAS) and applicable
amendments

b) The international Regulations for Preventing Collisions at Sea and all other relevant Regulations relating to Global Maritime
Distress and Safety System (GMDSS) and Safety of Navigation required by Chapters IV and V of SOLAS 1974, as amended

c) the Provisional Guidelines for the Conduct of Trials in which the Officer of the Navigational Watch acts as the sole Lookout
in Periods of Darkness (MSC Circular 566 of 2 July 1991)

d) IMO A.694: 1991, General requirements for shipborne radio equipment forming part of the global maritime distress and
safety system (GMDSS) and for electronic navigational aids

e) MSC Circular 982, Guidelines on ergonomic criteria for bridge equipment and layout
f) Convention on the International Regulations for Preventing Collision at Sea, 1972 (COLREG)
g) IMO Performance Standards for navigational equipment applicable to:

* Magnetic compasses (Resolution A.382)

¢ Gyrocompasses (Resolution A.424)

e Performance standards for radar equipment (Resolution MSC.192(79))

¢ Speed and distance measuring equipment (Resolution A.478, A.824, MSC.96 (72))

¢ Echo sounding equipment (Resolution A.224, MSC.74 (69) Annex 4)

¢ Electronic navigational aids — general requirements (Resolution A.574)

e VHF Radio installation (Resolution MSC.68 (68) Annex 1, A.524 (13), A.803 (19), IMO Resolution MSC.511(105) and
IMO Resolution MSC.515(105))

¢ Heading control systems (HCS) (Resolution A.342, MSC.64 (67) Annex 3)
e Rate-of-turn indicators (Resolution A.526)
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¢ VHF watchkeeping receiver (Resolution A.803 (19), MSC.68 (68) Annex 1)

e Performance standards for track control systems (Resolution MSC.74 (69) Annex 2)

¢ Performance standards for marine transmitting heading devices (THDs) (Resolution MSC.116 (73))

¢ Performance standards for electronic chart display and information systems (Resolution MSC.191 (79) , MSC.232 (82))
¢ Maintenance of electronic chart display and information system (ECDIS) software (IMO circ.266)

¢ Performance standards for shipborne global positioning system receiver equipment (Resolution A.819 (19))

¢ Adoption of the revised performance standards for shipborne global positioning system (GPS) receiver equipment
(Resolution MSC.112 (73))

¢ Adoption of the revised performance standards for shipborne GLONASS receiver equipment (Resolution MSC.113 (73))

e Adoption of the revised performance standards for shipborne DGPS and DGLONASS maritime radio beacon receiver
equipment (Resolution MSC.114 (73)).

¢ Performance standards for a universal automatic identification system (AlS) (Resolution MSC.74 (69) Annex 3)

¢ Performance standards for an integrated navigation system (INS) (Resolution MSC.86 (70) Annex 3)

¢ Adoption of the revised performance standards for integrated, navigation systems (INS) (Resolution MSC.252 (83))
¢ Performance standards for sound reception systems (Resolution MSC.86 (70) Annex 1)

¢ Performance standards for the presentation of navigation-related information on shipborne navigational displays
(Resolution MSC.191(79))

¢ Performance standards for a bridge navigational watch alarm system (BNWAS) (Resolution MSC.128(75))

¢ Performance standards for shipborne voyage data recorders (VDRs) (Resolution A.861(20) as amended by IMO Res.
MSC.214(81))

¢ System performance standard for the promulgation and coordination of maritime safety information using high-frequency
narrow-band direct-printing (IMO Resolution MSC.507(105))

¢ Performance standards for the reception of maritime safety information and search and rescue related information by MF
(NAVTEX) and HF (IMO Resolution MSC.508(105)),

e Performance standards for search and rescue radar transponders (IMO Resolution MSC.510(105)),

¢ Performance standards for shipborne MF and MF/HF radio installations capable of voice communication, digital selective
calling and reception of maritime safety information and search and rescue related information (IMO Resolution MSC.512(105))

e Performance standards for INMARSAT-C ship earth stations capable of transmitting and receiving direct-printing
communications (IMO Resolution MSC.513(105))

¢ Performance standards for the reception of maritime safety information and search and rescue related information by MF
and HF digital navigational data (navdat) system (IMO Resolution MSC.569(109)).

1.3.2 The requirements and guidelines of ISO 8468:2007 “Ship’s bridge layout and associated equipment— Requirements and
guidelines” are applicable.

1.3.3 Additional requirements may be imposed by the national authority with whom the ship is registered and/or by the
Administration within whose territorial jurisdiction it is intended to operate.

1.4 Definitions

1.4.1 Terms used in the requirements are defined below:

Acquisition: the selection of those target ships requiring a tracking procedure and the initiation of their tracking
Alarm: a visual and audible signal indicating an abnormal situation
ARPA: automatic radar plotting aid

Backup navigator: any individual, generally an officer, who has been designated by the ship’s Master to be on call if
assistance is needed on the navigation bridge

Bridge: that area from which the navigation and control of the ship is exercised, including the wheelhouse and bridge wings
Bridge wings: those parts of the bridge on both sides of the ship's wheelhouse which, in general, extend to the ship side

CPA: closest point of approach, i.e. the shortest target ship-own ship calculated distance that will occur in the case of no
change in course and speed data

Conning position: the place in the wheelhouse with a commanding view and which is used by navigators when monitoring
and directing the ship movements

Display: means by which a device presents visual information to the navigator, including conventional instrumentation
Ergonomics: application of the human factor in the analysis and design of equipment, work and working environment
Field of vision: angular size of a scene that can be observed from a position on the ship's bridge

Lookout: activity carried out by sight and hearing as well as by all available means appropriate in the prevailing
circumstances and conditions so as to make a full appraisal of the situation and of the risk of collision

Navigation: all tasks relevant for deciding, executing and maintaining course and speed in relation to waters and traffic
Navigator: person navigating, operating bridge equipment and manoeuvring the ship
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e NAVTEX: an international maritime radio telex system sponsored by IMO and IHO, which automatically receives the
broadcast telex information such as navigational, meteorological warnings and search and rescue (SAR) alerts on a 24-hour
watch basis

¢ Normal conditions: when all systems and equipment related to navigation operate within design limits, and environmental
conditions such as weather and traffic do not cause excessive workload to the officer of the watch

¢ Officer of watch: person responsible for safe navigating, operating of bridge equipment and manoeuvring of the ship
¢ Radar plotting: the whole process of target detection, tracking, calculation of parameters and display of information
¢ Seagoing ship: ship navigating on the high seas, i.e. areas along coasts and from coast to coast

e TCPA: time to closest point of approach

e Tracking: process of observing the sequential changes in the position of a target, to establish its motion

¢ Wheelhouse: enclosed area of the bridge

¢ Workstation: position at which one or several tasks constituting a particular activity are carried out.

2 Documentation to be submitted

2.1 General

2.1.1 In addition to the documentation mentioned in Pt C, Ch 3, Sec 1, Tab 1, documentation according to Tab 1 is to be
submitted.

2.1.2 Additional plans and specifications are to be submitted for approval, if requested by the Society.

Table 1 : Documentation to be submitted

No. | A/l (1) Documentation Particulars
1 A | General arrangement of bridge and wheelhouse Showing the position of the control console and
panels
2 A Plans showing the field of vision from each workstation
3 A List and specification of navigational equipment fitted on Including equipment references: e.g. manufacturer,
the bridge and references type, national authority approval
4 A | Functional block diagram indicating:
¢ relationship between the items of navigational
equipment
¢ relationship between navigational equipment and other
equipment
5 A List of alarms and instrumentation fitted on the bridge
6 A Diagram of electrical supply to the navigational equipment
7 A Diagram of the system linking the bridge alarms with the Only when SYS-NEQ-1 notation is requested
other operational locations
8 A Diagram of the communication systems
A | Diagram of the BNWAS
10 A | Test program including test method
11 | List of the intended areas of operation of the ship
(1) A: to be submitted for approval ; I: to be submitted for information.

3 Bridge layout

3.1 General

3.1.1 The bridge configuration, the arrangement of consoles and equipment location are to enable the officer of the watch to
perform navigational duties and other functions allocated to the bridge as well as maintain a proper lookout from a convenient
position on the bridge, hereafter referred to as a 'workstation'.

3.1.2 A workstation for navigation and traffic surveillance/manoeuvring is to be arranged to enable efficient operation by one
person under normal operating conditions. All relevant instrumentation and controls are to be easily visible, audible and
accessible from the workstation.

3.1.3 The bridge layout design and workstations are to enable the ship to be navigated and manoeuvred safely by two navigators
in cooperation.

3.1.4 The requirements and guidelines of ISO 8468:2007 are to be regarded as a basic reference for the design of bridge layout.
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4 Bridge instrumentation and controls

4.1 General

4.1.1 The instrumentation and controls at the workstation for navigation and traffic surveillance/manoeuvring are to be arranged

to enable the officer of the watch to:

a) determine and plot the ship's position, course, track and speed
b) analyse the traffic situation

c) decide on collision avoidance manoeuvres

d) alter course

e) change speed

f) effect internal and external communications related to navigation and manoeuvring, radio communication on the VHF

g) give sound signals

h) hear sound signals

i) monitor course, speed, track, propeller revolutions (pitch), rudder angle and depth of water

j)  record navigational data (may be manually recorded from data available at the workstation).

4.1.2 Irrespective of their size, gross tonnage and date of construction, all ships assigned the additional class notation SYS-NEQ
are to be equipped with the instrumentation and controls described in [4.2] to [4.4] and as referred to in Tab 2.

Table 2 : List of mandatory equipment

Additional class notations

Equipment

SYS-NEQ SYS-NEQ 1
Multifunction displays - according to MSC.191(79) optional optional
Radar (1) CAT 1(H)/2(H)/3(H) CAT 1(H)
Gyrocompass one one
Magnetic compass yes yes
Spare magnetic compass or second gyrocompass fed by main and emergency
power supply and in addition by a transitional power supply (e.g. battery) yes yes
Transmitting Heading Device (THD) yes yes
Heading Control System (HCS), formerly autopilot yes yes
ECDIS with backup yes yes
Position receiver (GNSS ...) one one
Bridge Navigation Watch Alarm System (BNWAS) yes yes

Alarm transfer system

- yes, at least to
master’s cabin

Central alarm panel - yes
Echo sounder yes yes
Speed and Distance Measuring Equipment (SDME) (2) yes yes
Sound reception (if totally enclosed bridge) yes yes
VHF at conning position one one
A receiver capable of receiving MSI and search and rescue related information (e.g. yes yes
NAVTEX)
Weather chart facsimile yes yes
Wind speed and direction yes yes
AlS yes yes
VDR yes yes
(1) According to [4.2.1], H: when approved for high speed application
(2) Speed of the ship through the water and over the ground

Rules for the Classification of Steel Ships - NR467 July 2026

PtF,Ch4,Secl

126



Pt F, Ch 4, Sec 1

4.2 Safety of navigation: collision-grounding

4.2.1 The ship is to be equipped with an RADAR/ARPA system meeting the requirements of IMO Resolution MSC.192(79).

The categories of ship/craft with their radar performance requirements are specified in Tab 3.

4.2.2 An heading control system (HCS) is to be provided and monitored by a heading alarm addressed to the navigator, in case
of malfunction. This alarm is to be derived from a system independent from the automatic steering system. An overriding control

device is to be provided at the navigating and manoeuvring workstation.

Table 3 : Categories of ship/craft with their radar performance requirements

Categoy of ship/craft
CAT 3 CAT 2 CAT 1

Size of ship/craft <500 gt 500 gt to < 10000 gt all ships/craft > 10000 gt

and HSC < 10000 gt
Minimum operational display area diameter 180 mm 250 mm 320 mm
Minimum display area 195 mm x 195 mm 270 mm x 270 mm 340 mm x 340 mm
Auto acquisition of targets - - yes
Minimum acquired radar target capacity 20 30 40
Minimum activated AlS target capacity 20 30 40
Minimum sleeping AlS target capacity 100 150 200
Trial manoeuvre - - yes

4.3 Position fixing

4.3.1 Ships are to be provided with the following position systems:

a) position fixing systems appropriate to the intended service areas

b) at least two independent radar, one of which is to operate within the X-band
€) a gyrocompass system

d) aspeed log system

e) an echo sounding system.

f) an ECDIS with backup arrangement.

4.4 Controls - Communication

4.4.1 Ships are to be provided with the following control and communication:
a) a propulsion plant remote control system, located on the bridge

b) a whistle control device

c) a window wipe and wash control device

d) a main workstation console lighting control device

e) steering pump selector/control switches

f) an internal communication system

g) a VHF radiotelephone installation

h) a wheelhouse heating/cooling control device

i) a NAVTEX automatic receiver and recorder.

Note 1: The systems or controls under a) to g) are to be fitted within the reach of the officer of the watch when seated or standing at the main
navigating and manoeuvring workstation.

5 Design and reliability

5.1 General

5.1.1 Where computerised equipment is interconnected through a computer network, failure of the network is not to prevent
individual equipment from performing its individual functions.
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5.2 Power supply

5.2.1 Power supply for AC equipment

a) Power to navigation equipment is to be supplied by two circuits, one fed directly from the main source of electrical power,
and one fed directly from the emergency source of power. Power to radio equipment is also to be supplied by two circuits
as described above and is additionally to be supplied by a reserve source of energy.

b) The power supplies to the distribution panels are to be arranged with automatic change-over facilities between the two
sources.

¢) The distribution of supplies to navigation equipment is to be independent of those for radio equipment. The circuits from the
power sources is to be terminated either in one or two distribution panels. When one distribution panel is used, the two
circuits supplying power to the panel are to be provided with split feeds into two separate bus bars, one for the radio
equipment and one for the navigation equipment. The panel(s) is(are) to be sited on the navigation bridge or other suitable
position on the bridge deck.

d) The circuits supplying the board(s) are, as far as practicable, to be separated from each other throughout their length. Facilities
are to be provided in each distribution board for changing over between the main source of power and the emergency source
of power. It is preferable that change over be initiated automatically. When a single distribution board is used for both radio
and navigation equipment, separate change-over switches are to be provided for each service.

e) Where radio equipment requires an uninterrupted input of information from the ship’s navigational equipment or other
equipment, it is necessary for the equipment providing the data to be supplied from the same distribution board bus serving
the radio equipment rather than the bus bar serving the navigation equipment.

f) Failure of any power supply to the panel is to initiate an audible and visual alarm at the navigation bridge.

g) Each consumer is to be individually connected to the distribution panel bus bar and individually provided with short-circuit
protection.

h) An indicator is to be mounted in a suitable place to indicate when batteries of the reserve source of energy are being
discharged.

5.2.2 Power supply for DC equipment

a) The requirements of [5.2.1] are applicable.

b) Where the equipment is fed via converters, separate converters are to be provided and these are to be located on the supply
side of change-over facility.

¢) The radio equipment and the navigation equipment are to be provided with separate converters.

5.2.3 Power supply for equipment operated either AC or DC

a) Each consumer is to be individually connected to the main source of electrical power and to a distribution bus bar of the
panel which is fed from the emergency source of electrical power and also, in case of the radio equipment, from the reserve
source of energy (radio batteries). These two circuits are to be separated throughout their length as fas as practicable.

b) The radio equipment and the navigation equipment are to be provided with separate converters.
¢) Anindicator is to be mounted in a suitable place visible for responsible member of the crew to indicate when batteries of the

reserve source of energy are being discharged.

5.2.4 Following a loss of power which has lasted for 30 seconds or less, all primary functions are to be readily reinstated.

5.3 Environmental conditions

5.3.1 Shipborne navigational equipment specified in IMO Publication 978-88-04E “PERFORMANCE STANDARDS FOR
NAVIGATIONAL EQUIPMENT” is to be capable of continuous operation under the conditions of various sea states, vibration,
humidity, temperature and electromagnetic interference likely to be experienced in the ship in which it is installed.

5.3.2 Equipment which has been additionally specified in this notation is to comply with the environmental conditions specified
in Pt C, Ch 2, Sec 2 for control and instrumentation equipment, computers and peripherals for shipboard use.

6 Prevention of accidents caused by operator’s unfitness

6.1 Field of vision

6.1.1 For the purpose of performing duties related to navigation, traffic surveillance and manoeuvring, the field of vision from a
workstation is to be such as to enable observation of all objects which may affect the safe conning of the ship. The field of vision
from a workstation is to be in accordance with the guidelines on navigation bridge visibility, as specified in IMO Resolution
A.708, MSC Circular 982 and ISO 8468:2007 as it applies to new ships.
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6.2 Alarm/warning transfer system - Communications

6.2.1 Any alarm/warning that requires bridge operator response is to be automatically transferred to the Master and, if he deems
it necessary, to the selected backup navigator and to the public rooms, if not acknowledged on the bridge within 30 seconds.

Such transfer is to be carried out through the systems required by [6.2.3] and [6.2.7], where applicable.
6.2.2 Acknowledgement of alarms/warnings is only to be possible from the bridge.
6.2.3 The alarm/warning transfer is to be operated through a fixed installation.

6.2.4 Provision is to be made on the bridge for the operation of a navigation officer call-alarm to be clearly audible in the spaces
of [6.2.1].

6.2.5 The alarm transfer system is to be continuously powered and have an automatic change-over to a standby power supply
in the case of loss of normal power supply.

6.2.6 Atall times, including during blackout, the officer of the watch is to have access to facilities enabling two-way speech
communication with another qualified officer.

The bridge is to have priority over the communication system.

Note 1: The automatic telephone network is acceptable for this purpose, provided that it is automatically supplied during blackouts and that it
is available in the locations specified in [6.2.1].

6.2.7 If, depending on the shipboard work organisation, the backup navigator may attend locations not connected to the fixed
installation(s) described in [6.2.1], he is to be provided with a portable wireless device enabling both the alarm/warning transfer
and the two-way speech communication with the officer of the watch.

6.2.8 External sound signals from ships and fog signals that are audible on open deck are also to be audible inside the
wheelhouse; a transmitting device is to be provided to reproduce such signals inside the wheelhouse (recommended frequency
range: 70 to 700 Hertz).

6.3 Bridge layout

6.3.1 The bridge configuration, the arrangement of consoles and equipment location are to enable the officer of the watch to
maintain a proper lookout from a convenient workstation.

6.3.2 A workstation for navigation and traffic surveillance/manoeuvring is to be arranged to enable efficient operation by one
person under normal operating conditions.

7 Ergonomical recommendations

7.1 Lighting

7.1.1 The lighting required on the bridge should be designed so as not to impair the night vision of the officer on watch. Lighting
used in areas and at items of equipment requiring illumination whilst the ship is navigating is to be such that night vision
adaptation is not impaired, e.g. red lighting. Such lighting is to be arranged so that it cannot be mistaken for a navigation light
by another ship. It is to be noted that red lighting is not to be fitted over chart tables so that possible confusion in colour
discrimination is avoided.

7.2 Noise level

7.2.1 The noise level on the bridge should not interfere with verbal communication and mask audible alarms.
7.3 Vibration level

7.3.1 The vibration level on the bridge should not be uncomfortable to the bridge personnel.

7.4 Wheelhouse space heating/cooling

7.4.1 Unless otherwise justified, wheelhouse spaces are to be provided with heating and air cooling systems. System controls
are to be readily available for the officer of the watch.

7.5 Navigator’'s safety

7.5.1 There are to be no sharp edges or protuberances on the surfaces of the instruments and equipment installed on the bridge
which could cause injury to the navigator.

7.5.2 Sufficient handrails or the equivalent are to be fitted inside the wheelhouse or around instruments and equipment therein
for safety in bad weather.
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7.5.3 Adequate means are to be made for anti-slip of the floor, whether it is dry or wet.

7.5.4 All wheelhouse doors are to be operable with one hand. Bridge wing doors are not to be self closing and means are to be
provided to hold the doors in open position.

7.5.5 Where provision for seating is made in the wheelhouse, means for securing are to be provided, having regard to storm
conditions.

8 Testing

8.1 Tests

8.1.1 Documentary evidence in the form of certification and/or test results is to be submitted to the satisfaction of the Society.
Where acceptable evidence is not available, the requirements of Pt C, Ch 3, Sec 6 are applicable.

8.1.2 Shipboard tests and sea trials are to be carried out in accordance with the test procedures submitted for approval in
advance to the Society. Tests and trials are to be performed under the supervision of the Surveyors.

8.1.3 After fitting on board, the installations are to be submitted to tests deemed necessary to demonstrate correct operation.
Some tests may be carried out at quay side, while others are to be effected at sea trials.
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Section 2 Integrated Bridge Systems (SYS-IBS)

1 General

1.1 Application

1.1.1 The additional class notation SYS-IBS is assigned, in accordance with Pt A, Ch 1, Sec 2, [6.5.3], to ships fitted with an
integrated bridge system which allows simplified and centralised bridge operation of the main functions of navigation,
manoeuvring and communication, as well as monitoring from the bridge of other functions, as specified in [1.1.3].

This notation is assigned when the requirements of this Section, and those specified in Ch 4, Sec 1, [1] to Ch 4, Sec 1, [5], Ch 4,
Sec 1, [7] and Ch 4, Sec 1, [8] (SYS-NEQ notation) are complied with.

1.1.2 The additional class notation SYS-IBS-1 is assigned, in accordance with Pt A, Ch 1, Sec 2, [6.5.3], to ships fitted with an
integrated bridge system which allows simplified and centralised bridge operation of the main functions of navigation,
manoeuvring and communication, as well as monitoring from the bridge of other functions, as specified in [1.1.3].

This notation is assigned when the requirements of this Section, and the one specified in Ch 4, Sec 1 (SYS-NEQ-1 notation) are
complied with.

1.1.3 The following functions are to be part of the additional class notation SYS-IBS and SYS-IBS-1:
* passage execution (according to Tab 1)
¢ route control and monitoring (according to Tab 1)

¢ control and monitoring of the machinery installation (according to Part C, Chapter 3 for SYS-IBS and according to Ch 3, Sec
1 for SYS-1BS-1).

In addition the following functions may be part of the additional class notation SYS-IBS-1:
e control communication system:
- external communication linked with the safety of the ship (distress equipment)
- internal communication system
¢ monitoring of specific cargo operations (loading and discharging of cargo, logging of cargo data, loading calculation)
¢ pollution monitoring
¢ monitoring of heating, ventilation and air conditioning for passenger ships.

1.1.4 This document specifies the minimum requirements for the design, manufacture, integration and testing of integrated
bridge systems. The latter are to comply with IMO Resolution MSC 64.(67) Annex 1 of the International Maritime Organisation
(IMO), and other relevant IMO performance standards, in order to meet the functional requirements contained in applicable IMO
instruments, not precluding multiple usage of equipment and modules or the need for duplication.

1.1.5 The notation presumes efficient ship management by suitably qualified personnel providing for, inter alia, the
uninterrupted functional availability of systems and for human factors.

1.1.6 The notation -HWIL is added to the additional class notation SYS-IBS or SYS-IBS-1 when the control system has been
verified according to the requirements of NR632 Hardware-in-the-loop Testing.

Table 1 : List of mandatory equipment

Additional class notation
Equipment

SYS-IBS SYS-IBS-1
Integrated Navigation System (INS) optional INS
Multifunction displays - according to MSC .191(79) yes yes
Radar (1) CAT T(H)/2(H)/3(H) CAT 1(H)C
Gyrocompass two two
Magnetic compass yes yes
Spare Magnetic compass or second gyrocompass fed by main and emergency power o o
supply and in addition by a transitional power supply (e.g. battery) Y y
(1) Accordingto Ch 4, Sec 1, [4.2.1]: H: when approved for high speed applications; C: approved with a chart option
(2) Speed of the ship through the water and over the ground
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Additional class notation
Equipment
SYS-IBS SYS-IBS-1

Transmitting Heading Device (THD) yes yes
Track Control System (TCS), class C yes yes
ECDIS with backup yes yes
Position receiver (GNSS...) two two
Conning display (it must include alarms from navigation and engine automation) yes yes
Bridge navigation watch alarm system (BNWAS) yes yes
Central alarm panel yes yes
Echo sounder yes yes
Speed and Distance Measuring Equipment (SDME) (2) yes yes
Sound reception (if totally enclosed bridge) yes yes
VHF at conning position one one
NAVTEX yes yes
Weather chart facsimile yes yes
Wind speed and direction yes yes
AlS yes yes
VDR yes yes

(1) Accordingto Ch 4, Sec 1, [4.2.1]: H: when approved for high speed applications; C: approved with a chart option
(2) Speed of the ship through the water and over the ground

1.2 Reference Regulations

1.2.1 The following regulations are applicable:

e |EC 60945:2002, Maritime navigation and radiocommunication equipment and systems - General requirements - Methods
of testing and required test results

¢ The following parts of IEC 61162, Maritime navigation and radiocommunication equipment and systems - Digital interfaces:
IEC 61162-1:2016, IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-450:2024

e SO 8468:2007, Ship’s bridge layout and associated equipment - requirements and guidelines
e 1SO 9001:2015, Quality management systems - Requirements

¢ IMO International Convention for the Safety of Life at Sea (SOLAS): 1974, as amended

e |IMO A.1021(26) : 2009, Code on alerts and indicators

e IMO A.694: 1991, General requirements for shipborne radio equipment forming part of the global maritime distress and
safety system (GMDSS) and for electronic navigational aids

¢ IMO SN.1/Circ.288: 2010, Guidelines for bridge equipment and systems, their arrangement and integration (BES)
¢ IMO MSC.192(79) : performance standards for radar equipment

e IMO MSC/Circular 566: 1991, Provisional guidelines on the conduct of trials in which the officer of the navigational watch
acts as the sole lookout in periods of darkness

¢ IMO MSC.191(79): performance standards for the presentation of navigation-related information on shipborne navigational
displays

¢ IMO MSC.252 (83): performance standards for an integrated navigation system (INS)

¢ IMO MSC.74 (69) Annex 2: performance standards for track control systems

¢ IMO MSC.191 (79), MSC.232 (82): performance standards for electronic chart display and information systems
¢ IMO MSC/Circular 266: maintenance of electronic chart display and information system (ECDIS) software

¢ IMO MSC/Circular 265: guidelines on the application of SOLAS regulation V/15 to INS, IBS and bridge design.
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1.3 Definitions

1.3.1 Configuration of complete system: all operational functions of the integrated bridge system as installed.
1.3.2 Configuration available: operation(s) allocated to and available at each workstation.

1.3.3 Configuration in use: operation(s) and task(s) currently in use at each workstation.

1.3.4 Connectivity: a complete data link and the presence of valid data.

1.3.5 Essential functions: functions related to determination, execution and maintenance of safe course, speed and position of
the ship in relation to the waters, traffic and weather conditions.

Such functions include but are not limited to:

* route planning

® navigation

¢ collision avoidance

® manoeuvring

e docking

e monitoring of internal safety systems

¢ external and internal communication related to safety in bridge operation and distress situations.
1.3.6 Essential information: that information which is necessary for the monitoring of essential functions.

1.3.7 Functionality: ability to perform an intended function. The performance of a function normally involves a system of
displays and instrumentation.

1.3.8 IMO requirements: IMO Conventions, Regulations, Resolutions, Codes, Recommendations, Guidelines, Circulars and
related 1SO and IEC standards.

1.3.9 Integrated bridge system (SYS-IBS): any combination of systems which are interconnected in order to allow centralised
access to sensor information from workstations to perform two or more of the following operations:

® passage execution

e communications

* machinery monitoring

¢ loading, discharging and cargo monitoring, including HVAC for passenger ships.

1.3.10 Integrity: ability of a system to provide users with accurate, timely, complete and unambiguous information and warnings
within a specified time when the system is not in use.

1.3.11 Latency: time interval between an event and the resulting information, including time for processing, transmission and
reception.

1.3.12 Multi-function display: a single visual display unit which can present, either simultaneously or through a series of
selectable pages, information from more than one operation of an integrated bridge system.

1.3.13 Novel systems or equipment: systems or equipment which embody new features not fully covered by provisions of SOLAS
V, but which provide an equal or higher standard of safety.

1.3.14 Part: individual subsystem, equipment or module.

1.3.15 Performance check: a representative selection of short qualitative tests, to confirm correct operation or essential functions
of the integrated bridge system.

1.3.16 Sensor: a device which provides information to or is controlled or monitored by the integrated bridge system.

1.3.17 Passage execution: the function of passage execution in an Integrated Bridge System (IBS) may be performed by an INS,
as defined in IEC 61924-2:2021.

1.3.18 Recognized mobile satellite service means any service which operates through a satellite system and is recognized by
the IMO, for use in GMDSS.

1.3.19 Track Control System (TCS) of category C: full track control on straight legs and turns.

Rules for the Classification of Steel Ships - NR467 July 2026
Pt F, Ch 4, Sec 2
133



Pt F, Ch 4, Sec 2

1.4 Abbreviations

1.4.1 Abbreviations used in this standard and annexes:

AlIS
DSC
EGC
EPIRB
GMT
HF

INMARSAT

ISO
ITU-R
ITU-T
MARP
MEPC
MF
MSC
NAV
NAVT
oow
r.p.m.
UTC
VDU
VHF

Automatic identification system

Digital selective calling

Enhanced group call

Emergency position indicating radio beacon

Greenwich Mean Time

High frequency
:International Mobile Satellite Organisation

International Standards Organisation

International Telecommunication Union - radio sector

International Telecommunication Union - telecommunication sector

OL: IMO Convention for the prevention of pollution by ships

IMO Marine Environmental Protection Committee

Medium Frequency
IMO Maritime Safety Committee
IMO Subcommittee on Safety of Navigation

EX: System for broadcast and reception of maritime safety information
Officer of the watch

Revolutions per minute

Universal coordinated time

Visual display unit

Very high frequency.

2 Documentation to be submitted

2.1

General

2.1.1 In addition to the documents mentioned in Pt C, Ch 3, Sec 1, Tab 1, documentation according to Tab 2 is to be submitted.

Table 2 : Documentation to be submitted

No. | A/l (1) Documentation
1 A General arrangement of bridge and wheelhouse Showing the position of the control console and
panels
2 A Plans showing the field of vision from each workstation
3 A | List and specification of navigational equipment fitted on the | Including equipment references: e.g. manufacturer,
bridge type
4 A List of alarms and instrumentation fitted on the bridge
| List and specification of automation equipment fitted on the | Including equipment references: e.g. manufacturer,
bridge type
6 A Functional block diagram indicating:
¢ relationship between the items of navigational equipment
¢ relationship between navigational equipment and other
equipment
7 A Functional block diagram of automation equipment remotely
controlled from the bridge
8 A Diagram of electrical supply to the navigational and
automation equipment fitted on the bridge
9 A | Diagram of the system linking the bridge alarms with the Only when SYS-IBS-1 notation is requested
other operational locations
10 A | Diagram of the communication systems Only when SYS-IBS-1 notation is requested
11 A Diagram of the BNWAS Only when SYS-IBS-1 notation is requested
12 A | Test program including test method
(1) A:to be submitted for approval ; I: to be submitted for information.
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3 General requirements

3.1 General

3.1.1 The integrated bridge system is to comply with all applicable IMO requirements as contained in the reference regulations
listed in [1.2] or other relevant IEC Standards. Parts executing multiple operations are to meet the requirements specified for each
individual function they can control, monitor or perform. By complying with these requirements, all essential functions remain
available in the event of a single failure. Therefore, means for operation independent of the integrated bridge system are not
required.

3.1.2 Each part of an integrated bridge system is to meet the relevant requirements of IMO Resolution A.694(17) as

detailed in IEC 60945:2002. As a consequence, the integrated bridge system is in compliance with these requirements without
further environmental testing to IEC 60945:2002.

Software is to be developed in accordance with Pt C, Ch 3, Sec 3
3.1.3 Where implemented, passage execution is not to be interfered with by other operations.

3.1.4 Afailure of one part is not to affect the functionality of other parts except for those functions directly dependent upon the
information from the defective part.

3.2 Integration

3.2.1 The functionality of the integrated bridge system is to ensure that operations are at least as effective as with stand-alone
equipment.

3.2.2 Continuously displayed information is to be reduced to the minimum necessary for safe operation of the ship.
Supplementary information is to be readily accessible.

3.2.3 Integrated display and control functions are to adopt a consistent man-machine interface philosophy and implementation.
Particular consideration is to be given to:

e symbols
e colours
e controls

¢ information priorities

¢ layout.

3.2.4 Where multi-function displays and controls are used to perform functions necessary for safe operation of the ship, they are
to be duplicated and interchangeable.

3.2.5 ltis to be possible to display the complete system configuration, the available configuration and the configuration in use.

3.2.6 Any unintentional change of a configuration is to be brought to the immediate attention of the user. An unintentional
change of the configuration in use is, in addition, to activate an audible and visual alarm.

3.2.7 Each part to be integrated is to provide details of its operational status and the latency and validity of essential information.
Means is to be provided within the integrated bridge system to make use of this information.

3.2.8 An alternative means of operation is to be provided for essential functions.

3.2.9 For integrated machinery control, it is to be possible for all machinery essential for the safe operation of the ship to be
controlled from a local position.

3.2.10 An alternative source of essential information is to be provided. The integrated bridge system is to identify loss of either
source.

3.2.11 The source of information (sensor, result of calculation or manual input) is to be displayed continuously or on request.

3.3 Data exchange

3.3.1 Interfacing within the integrated bridge system and to an integrated bridge system is to comply with [EC 61162-1:2016,
IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-450:2024, as applicable.

3.3.2 Data exchange is to be consistent with safe operation of the ship. The Manufacturer is to specify in the System Specification
Document (SSD) the maximum permissible latency for each function considering the use of fast control loop, normal control
loop, essential information and other information.
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3.3.3 Corrupted data are not to be accepted by the integrated bridge system. Corrupted or missing data are not affect functions
which are not dependent on this data.

3.3.4 The integrity of data flowing on the network is to be ensured.

3.3.5 The network is to be such that in the event of a single fault between nodes there an indication, the sensors and displays
on the network continue to operate and data transmission between them is maintained.

3.3.6 A failure in the connectivity is not to affect independent functionality.

3.4 Failure analysis

3.4.1 A failure analysis is to be performed and documented.

3.4.2 Parts, functions and connectivity are to be identified.

3.4.3 Possible failures of parts and connectivity associated with essential functions and information are to be identified.

3.4.4 Consequences of failures with respect to operation, function or status of the integrated bridge system are to be identified.

3.4.5 Each failure is to be classified with respect to its impact on the integrated bridge system taking into account relevant
characteristics, such as detectability, diagnosability, testability, replaceability and compensating and operating provisions.

3.4.6 The results of the failure analysis are to confirm the possibility of continued safe operation of the ship.

3.5 Quality assurance

3.5.1 The integrated bridge system is to be designed, developed, produced, installed, and serviced by companies certified to
ISO 9001:2015, as applicable.

4 Operational requirements

4.1 Human factors
4.1.1 The integrated bridge system is to be capable of being operated by personnel holding appropriate certificates.

4.1.2 The man-machine interface (MMI) is to be designed to be easily understood and in a consistent style for all integrated
functions.

4.1.3 Operational information is to be presented in a readily understandable format without the need to transpose, compute or
translate.

4.1.4 Indications, which may be accompanied by a short low intensity acoustic signal, are to occur when:
e an attempt is made to execute an invalid function

e an attempt is made to use invalid information.

4.1.5 If an input error is detected by the system it is to require the operator to correct the error immediately. Messages actuated
by an input error are to guide the correct responses, e.g.: not simply “Invalid entry”, but “Invalid entry, re-enter set point between
0 and 10”.

4.1.6 Layered menus are to be presented in a way which minimises the added workload to find and return from the desired
functions.

4.1.7 An overwiew is to be easily available to assist the operator in the use of a multiple page system. Each page is to have a
unique identifier.

4.1.8 Where multi-function displays are used, they are to be in colour. Continuously displayed information and functional areas,
e.g. menus, are to be presented in a consistent manner.

4.1.9 For actions which may cause unintended results, the integrated bridge system is to request confirmation from the operator.
Note 1: Examples of such actions are:

e attempting to change position of next waypoint while in track mode steering

e attempting to switch on bow thruster when insufficient electrical power is available.

4.1.10 Functions requested by the operator are to be acknowledged or clearly indicated by the integrated bridge system on
completion.

4.1.11 Default values, where applicable, are to be indicated by the integrated bridge system when requesting operator input.
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4.1.12 For bridge operation by one person, special consideration is to be given to the technical requirements in Ch 4, Sec 1, [1].

4.2 Functionality
4.2.1 Itis always to be clear from where essential functions may be performed.

4.2.2 The system management is to ensure that one user only has the control of an input or function at the same time; all other
users are to be informed of this by the integrated bridge system.

4.3 Training
4.3.1 Manufacturers of integrated bridge systems are to provide training possibilities for the ship’s crew. This training may take
place ashore or on board and is to be carried out using suitable material and methods to cover the following topics:
¢ General understanding and operation of the system:
- knowledge and understanding of the system’s configuration and application
- reading and understanding of the operating manual
- usage and understanding of brief description and instructions provided on the bridge
- usage and understanding of electronic “HELP”-functions, if provided in the system
- familiarisation with the system using safe trial modes
* Mastering of uncommon conditions in the system:
- detecting and locating of failures
- resetting the system to safe default values and modes
- operating safely without certain sensor data or parts
- possibilities for repair on board
- identifying the potential for unintended results
¢ Methods and support for providing the above-mentioned training may be, for example:
- printed material
- training courses
- video films
- computer based learning programmes
- simulation of different situations or data

- recorded speech.

5 Technical requirements

5.1 Sensors

5.1.1 In order to ensure an adequate system functionality, the sensors employed are to be able to comply with the following, as
applicable:

a) ensure communication compatibility in accordance with the relevant international marine interface Standard IEC 61162-
1:2016, IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-450:2024 and provide information about their
operational status and about the latency and validity of essential information

b) respond to a command with minimal latency and indicate receipt of invalid commands, when remote control is employed
¢) have the capability to silence and re-establish the audible portion of the local alarm

d) have information documented about deterministic and stochastic errors and how they are handled, insofar as signals are pre-
processed locally, e.g. plausibility check.
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5.2 Alarm management

5.2.1 The integrated bridge system alarm management as a minimum is to comply with the requirements of the Code on Alerts
and Indicators, (IMO Resolution A.1021(26)) and the alarms required for each navigational equipment by IMO standards.

5.2.2 Appropriate alarm management on priority levels (see [5.2.5]) and grouping of alarms based on operations and tasks is to
be provided within the integrated bridge system.

Note 1: The purpose of grouping of alarms is to achieve the following:

* to reduce the variety in type and number of audible and visual alarms and indicators so as to provide quick and unambiguous information
to the personnel responsible for the safe operation of the ship

e to readily identify any abnormal situation requiring action to maintain the safe operation of the ship

e to avoid distraction by alarms which require attention but do not require immediate action to restore or maintain the safe operation of the
ship.

5.2.3 The number of alarms is to be kept as low as possible by providing indications for information of lesser importance.

5.2.4 Alarms are to be displayed so that the reason for the alarm and the resulting functional restrictions can be easily
understood. Indications are to be self-explanatory.
5.2.5 Alarms are to be prioritised as follows:

a) emergency alarms: alarms which indicate that immediate danger to human life or to the ship and its machinery exists and
that immediate action is to be taken

b) distress, urgency and safety alarms: alarms which indicate that a mobile unit or a person is in distress, or the calling station
has a very urgent message concerning the safety of a mobile unit or a person, or has an important warning to transmit

c) primary alarms: alarms which indicate a condition that requires prompt attention to prevent an emergency condition as
specified in statutory and classification rules and regulations

d) secondary alarms: alarms which are not included above.

5.3 Human factors
5.3.1 A multi-function display, if used, is to be a colour display.

5.3.2 The size, colour and density of text and graphic information presented on a display are to be such that it may be easily
read from the normal operator position under all operational lighting conditions.

5.3.3 Symbols used in mimic diagrams are to be standardised throughout the system'’s displays.

5.3.4 All information is to be presented on a background providing high contrast and emitting as little light as possible at night.

5.4 Power interruptions and shutdown
5.4.1 If subjected to an orderly shutdown, the integrated bridge system is, upon turn-on, to come to an initial default state.

5.4.2 After a power interruption full functionality of the integrated bridge system is to be available following recovery of all
subsystems. The integrated bridge system is not to increase the recovery time of individual subsystem functions after power
restoration.

5.4.3 If subjected to a power interruption, upon restoration of power the integrated bridge system is to maintain the configuration
in use and continue automated operation as far as practicable. Safety related automatic functions, e.g. automated steering
control, are only to be restored upon confirmation by the operator.

5.5 Power supply
5.5.1 General power supply requirements are summarised in Tab 3.

5.5.2 Power supply requirements applying to parts of the integrated bridge system as a result of other IMO requirements remain
applicable.

5.5.3 The integrated bridge system is to be supplied:

¢ from the main and emergency sources of power with automated change-over through a local distribution board with
provision to preclude inadvertent shutdown,

¢ from a transitional source of power for a duration of not less than 1 min, and

¢ where required in Tab 3, parts of the integrated bridge system are also to be supplied from a reserve source of power.
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Table 3 : Power supply requirements in addition to the main source of energy

Reservesource | Transitional Emergency
of energy (2) source (1) source (1)
Integrated bridge system X 3) X
VHF voice and DSC X @4 X (5)
MF voice and DSC X (6) X (7)
MF/HF voice, DSC and telex X (6) X (7)
INMARSAT ship earth station X (6) X (7)
EGC receiver X (6) X (7)
EPIRB X (8) X (8
SAR transponders X (9)
Aeronautical VHF SAR voice transceiver X X (10)
Lighting for radio installation (11) X (12) X
Equipment providing inputs to the radio installation X (13) X
Internal communication equipment and signals required in an emergency X (14) X
Magnetic compass and repeaters X 9)
ECDIS or automatic graphical position display X 9)
Automatic indentification system (AIS) X X (9)
Electronic position fixing system X (13) X (9)
Radar X 9)
Gyrocompass and repeaters X (17) X 9)
Echo sounder X 9
Speed and distance log X (9)
Rudder angle indicator X (9)
Propeller rpm, thrust direction and pitch as applicable X 9)
Heading control system X 9
Rate of turn indicator X (9)
Voyage data recorder (VDR) X (9)
Track control system (TCS) X (9
Integrated navigation system X (9
Bridge navigation watch alarm system (BNWAS) X 9)
Weather chart facsimile X 9
Receiver capable of receiving MSI and search and rescue related information X X (9)
(e.g. NAVTEX)
Transmitting heading device (THD) X9
Fire detection and alarm system X (14) X
Fire door holding and release X (15) X
Daylight signalling lamp, ship’s whistle and manually operated call points X (14) X
Emergency lighting and navigation lights X (14) X
Fire pump X
Automatic sprinkler pump X (15)
Emergency bilge pump and remote controlled bilge valves X (15)
Steering gear X
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Reservesource | Transitional Emergency

of energy (2) source (1) source (1)
Power-operated watertight doors and associated control, indication and alarm X (15) X (15)
circuits
Lift cars X (15)
Machinery alarm system (16) X
Alarm transfer system for one person operated bridge (16) X
Multifunction displays - according to MSC.191(79) X (9)
Conning display X (9)
Call system (back-up Officer) X

(1) Emergency and transitional sources are defined in SOLAS 11-1/42 and /43. Where the emergency source is an accumulator
battery, a transitional source of emergency electrical power is not required, unless otherwise stated.

(2) Reserve source for radio installations is defined in SOLAS 1V/13.

(3) A transitional source is required for essential functions of the integrated bridge system.

(4) Reserve source is required by SOLAS IV/13.2 for the installation to SOLAS 1V/7.1.1.

(5) Emergency source is required by SOLAS 11-1/42.2.2.2 and 43.2.3.2 responsible for installations to SOLAS 1V/7.1.1, 7.1.2 and
7.1.5.

(6) Reserve source is required by SOLAS 1V/13.2 for the installation to SOLAS 1V/9.1.1, 10.1.2, 10.1.1 and 11.1.1 as appropriate for
the sea area(s) for which the ship is equipped.

(7) Emergency source is required by SOLAS 11/1/42.2.2.2.1, 42.2.2.2.2 and 42.2.2.2.3 and 43.2.3.2.1, 43.2.3.2.2 and 43.2.3.2.3
responsible for installations to SOLAS 1V/9.1.1, 9.1.2, 10.1.1, 10.1.2, 10.1.3, 11.1.1 and 11.1.2 if applicable.

(8) If position input provided from external equipment.

(9) Local distribution panel(s) are to be arranged for all items of electrically operated navigational equipment. Each item is to be
individually connected to its distribution panel. The power supplies to the distribution panel(s) are to be arranged with automatic
change-over facilities between the main and the emergency.

(10) If not equipped with primary batteries.

(11) Required by SOLAS 1V/6.2.4.

(12) Reserve source may be used (SOLAS 1V/13.5) as supply independent from main and emergency sources.

(13) Reserve source may be used (SOLAS 1V/13.8) for ship’s navigational or other equipment which needs to supply uninterrupted
input of information to the radio installation to ensure its proper performance as required by SOLAS IV.

(14) For cargo ships a transitional source is not required if the emergency source is a generator which can be automatically started
and supply the required load within 45 s (see also (1)).

(15) Required for passenger ships only (see also (1)).

(16) A standby power supply with automatic change-over from normal power supply is required by Pt C, Ch 3, Sec 2, [2.1.1].

(17) If forming part of GDMDSS installation.

6 Testing

6.1 Introduction

6.1.1 The following tests to be carried out by the Shipyard and the Manufacturers are intended to supplement and not replace
testing of parts that is required to meet the relevant IMO performance standards. They are intended to ensure that when parts are
integrated there is no degradation of their individual functionality and the overall system meets the requirements contained in
Articles [3], [4] and [5].

6.1.2 In all instances the performance standards for parts will form the minimum test requirement for an integrated system. Parts
previously type approved will not require re-testing. Bridge-mounted parts for which no IMO performance standard exists are to
be tested to the requirements of IEC 60945:2002. Integration aspects of the integrated bridge system are to require testing to
ensure compliance with requirements contained in Articles [3], [4] and [5].

6.1.3 The tests and confirmation set forth in [6.2] to [6.4] are to be reported in writing by the Shipyard and Manufacturers. This
report is to be submitted to the Society for information.

6.2 General requirements
6.2.1 The Manufacturer is to state the operations intended to be performed by the integrated bridge system.

6.2.2 Since each integrated bridge system may integrate an individual set of operations and parts, it is not possible to define in
advance which IMO requirements apply. Therefore, the following steps are to be taken with each individual integrated bridge
system considered:
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a) Produce a matrix of the applicable IMO requirements:

¢ collect IMO requirements referring generally to SYS-IBS (e.g. SOLAS Chapter V and Code on Alerts and Indicators (IMO
A.1021 (26))

¢ collect IMO requirements applicable to the operations stated in [6.2.1] (e.g. if a radar/ARPA is integrated, collect IMO
MSC.192 (79))

¢ identify the individual parts of the integrated bridge system and their interfaces

¢ identify parts executing multiple operations

¢ identify functions necessary to perform the operations stated in [6.2.1]

¢ identify power supply requirements for the individual parts of the integrated bridge system from Tab 3.

b) Verify the validity of the appropriate type approval certificates [3.1.1].

c) Verify that all functions identified in a) are performed [3.1.1].

6.2.3 In addition, the following is to be carried out:

Confirm compliance with IEC 60945:2002 by one of the following:

- avalid type approval certificate

- atest certificate issued by an appropriate body

- successful completion of appropriate tests [3.1.2].

Confirm by examination of the (SSD)(s) that operational functions in addition to passage execution are implemented on a
non-interference basis [3.1.3].

Independently disable each part identified in [6.2.2] a) and determine by a test that only those functions dependent on the
disabled part are affected [3.1.4].

Confirm by examination that only minimum information necessary for the safe operation of the ship and as applicable to the
configuration in use is continuously displayed and that supplementary information is readily accessible [3.2.2].

Where IMO requirements governing the symbols, colours, controls, information priorities and layout of the integrated display
and control functions exist, confirm compliance by examination. Where no such requirements exist, confirm by examination
that the use of symbols, colours, controls, information priorities and layout is consistent [3.2.3].

Where used, confirm by examination that there are at least two identical and interchangeable multi-function displays and
controls [3.2.4].

Confirm by examination that it is possible to display the configuration of the complete system, the configuration available
and the configuration in use [3.2.5].

Disable a part of the configuration in use and confirm that an audible and visual alarm is activated [3.2.6].

Confirm by examination of relevant certificates and documentation that each part integrated in the integrated bridge system
provides details of its operational status and latency and validity of essential information. Confirm by a performance check
that changes in status of the parts and of the latency and validity of information are used by the integrated bridge system in
a safe and unambiguous manner [3.2.7].

Confirm by examination of the SSD that there is an alternative means of performing each applicable essential function [3.2.8].
Confirm by examination of the SSD that for integrated machinery control, it is possible for all machinery essential for the safe
operation of the ship to be controlled from a local position.

Confirm by examination that there is an alternative source of essential information. Confirm by a performance check that loss
of essential information is recognised by the integrated bridge system.

Confirm by examination that the source of information is displayed continuously or on request [3.2.11].

Confirm by examination of relevant certificates and documentation that interfacing complies with IEC 61162-1:2016, IEC
61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-450:2024, as applicable [3.3.1].

Confirm by examination of the SSD that the stated latencies are appropriate to all intended operations. Confirm by
examination of the Manufacturer’s SSD that the stated latencies are achieved while the network is loaded to its maximum
expected loading [3.3.2].

Confirm by a performance check that corrupted data is not accepted by the integrated bridge system and that corrupted and
missing data does not affect functions which are not dependent on this data [3.3.3].

Confirm by examination of the Manufacturer’s SSD that, as a minimum, data includes a check-sum in accordance with IEC
61162-1:2016 and that, in addition, limit checking is applied to essential data [3.3.4].

Create a representative number of single faults between network nodes and confirm that there is an indication of the fault,
the displays and sensors continue to operate and data transmission is maintained [3.3.4].

Identify the system connectivity by examination of the SSD. Independently interrupt each connection and determine by a
performance check that only those functions dependent on the connection are affected and that all essential functions can
still be performed [3.3.6].

Confirm by examination of the SSD that a failure analysis has been performed and documented. The results of the failure
analysis and the possibility of continued safe operation of the ship are to be verified by testing a representative selection of
failures [3.4.1].

Confirm by examination of the relevant certificate(s) that the Manufacturer complies with ISO 9000 Series Standards [3.5.1].
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6.3 Operational requirements

6.3.1 The following tests are carried out:

Confirm by examination that the integrated bridge system includes displays, controls and instrumentation necessary to
perform the functions identified in [6.2.2] a).

Confirm by a performance check, conducted by suitably qualified personnel, that information presented is understandable
without the need to transpose, compute or translate and that operation of integrated functions of the integrated bridge system
identified in [6.2.2] a) is as effective as for equivalent stand-alone equipment [3.2.1], [4.1.1] and [4.1.2].

Confirm by examination of the Manufacturer’s SSD that the specific requirements in MSC/Circular 566, paragraphs 10 to 32,
are met, if applicable [4.1.2].

Confirm by a performance check that normal execution of functions and use of information are not accompanied by acoustic
signals. If provided, ensure that acoustic signals accompanying attempts to execute an invalid function or use invalid
information are short, of low intensity and clearly distinguishable from alarms [4.1.4].

Create an input error and ensure that immediate correction is required and that relevant guidance is given [4.1.5].

Confirm by a performance check, conducted by suitably qualified personnel, that layered menus, if provided, are presented
such as to minimise workload [4.1.6].

If provided, ensure that multiple pages are uniquely identified and that an overview is available [4.1.7].

Ensure that continuously displayed information and functional areas, e.g. menus, are presented in a consistent manner in
multi-function displays [4.1.2], [4.1.8].

Initiate a situation causing a potentially unintended result and ensure that the result is identified and that confirmation of the
action is requested from the operator [4.1.9].

Confirm by a performance check that completion of functions is acknowledged [4.1.10].
Confirm that there is an indication of configuration available at each workstation [4.2.1].

Confirm that essential functions cannot be performed simultaneously at more than one workstation and that there is an
indication of the configuration in use at each workstation [4.2.2].

6.3.2 The Manufacturer is to produce a written statement that training possibilities are provided and confirm by examination of
the training material that it covers general understanding and operation and mastering of uncommon conditions [4.3.1].

6.4 Technical requirements

6.4.1 The following tests are carried out:

Confirm, as applicable, by examination of the SSD that sensors employed according to [5.1.1]:

- communicate in accordance with IEC 61162-1:2016, IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-
450:2024

- provide details of operational status, latency and validity of essential information

- respond to a command with minimal latency and indicate receipt of invalid commands, when remote control is employed
- have the capability to silence and re-establish the audible portion of the local alarm

- have information documented about deterministic and stochastic errors and how they are handled.

Initiate a situation identified in the SSD as requiring immediate reaction by an operator and confirm that the resultant alarm
complies with IMO A.1021 (26) (see [5.2.1]).

Create conditions necessary to generate all types of alarms and indications listed in the matrix prepared in [6.2.2] a).

Confirm that appropriate alarm management on priority levels and functional groups is provided and that the number of the
alarm types and their release is kept as low as possible by providing indications for information of lesser importance [5.2.2],
[5.2.3].

Confirm that alarms are displayed so that the reason for the alarm and the resulting functional restrictions can be easily
understood and that indications are self-explanatory [5.2.4].

Confirm that alarms are prioritised as emergency alarms, distress, urgency and safety alarms, primary alarms and secondary
alarms [5.2.5].
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¢ Confirm by examination, performed by suitably qualified personnel, that:
- a multi-function display is a colour display [5.3.1]
- thessize, colour and density of text and graphic information displayed on a VDU are such that it can be easily read from

the normal operator position under all operational lighting conditions [5.3.2]

- symbols used in mimic diagrams are standardised throughout the system’s displays [5.3.3]
- allinformation is presented on a background providing high contrast and emitting as little light as possible at night [5.3.4].

e Perform an orderly shutdown of the integrated bridge system and confirm that when power is turned on again, the default
state specified in the SSD is reached [5.4.1].

¢ Record the configuration in use and the recovery times of all subsystems. Disconnect all external sources of power and wait
for expiration of the integrated bridge system transitional source of power. Restore power and wait for recovery of all
subsystems. The recovery times of all subsystems are to be as recorded [5.4.2].

¢ The IBS is to come to the configuration in use and continue automated operation as far as practicable. Verify that safety
related automatic functions are continued only after confirmation [5.4.3].

¢ Confirm by examination of the SSD that provision is made to comply with the power supply requirements listed in Tab 3 and
in the matrix prepared in [6.2.2] a).
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Section 3 Centralised Navigation Equipment -
Offshore Support Vessel (SYS-NEQ-OSV)

1 General

1.1 Application

1.1.1 The additional class notation SYS-NEQ-OSV may be assigned in accordance with Pt A, Ch 1, Sec 2, [6.5.5] to ships:
¢ designed for the operations as listed in [4.1.2]
¢ satisfying the specific requirements given in this Section, as relevant, regarding bridge design and instrumentation, and

¢ equipped with further means, as given in this Section, for safe operation in all the waters, including areas with harsh
operational and environmental conditions such as the North Sea.

1.2 Objectives

1.2.1 The additional class notation SYS-NEQ-OSV aims to reduce:
e the risk, during bridge operation, of bridge system failure causing collision, contact and grounding

¢ heavy weather damage.

1.2.2 The following main areas, related to the bridge systems, are concerned:
¢ mandatory and additional workstations

¢ field of vision from workstations

¢ location of instruments and equipment

¢ ergonomics and human machine interface

¢ range of instrumentation

¢ alarm management, including watch monitoring and alarm transfer system

¢ instrument and system tests.

1.2.3 To this end, this Section gives requirements on the following items affecting the navigation safety:

¢ design of workplace, based on analyses of functions to be performed under various operating conditions and the technical
support to be installed

¢ bridge working environment, based on factors affecting the performance of human operators
¢ range of instrumentation, based on information needs and efficient performance of the various tasks

e equipment reliability applicable to all the types of bridge equipment, based on common requirements to ensure their
suitability under various environmental conditions

¢ performance of different types of bridge equipment, based on their specific functions
¢ human and machine interface, based on the analyses of human limitations and compliance with ergonomic principles

¢ tests and trials based on the need to make sure that technical systems operate in accordance with their approved
specifications before being considered as reliable and used for real operations.

2 Definitions

2.1 Term and abbreviations

2.1.1 Additional functions
Additional functions requiring work tasks not directly related to primary bridge functions or operations defined in [4.1.2].

2.1.2 Blind sector

An obstruction in a field of vision caused by window divisions, bridge structure or outside construction with a clear sector on
both sides.

2.1.3 Bridge Alert Management System (BAMS)

A system that harmonizes the priority, classification, handling, distribution and presentation of alerts, to enable the bridge team
to devote full attention to the safe operation of the ship and to immediately identify any alert situation requiring action to maintain
the safe operation of the ship.

Rules for the Classification of Steel Ships - NR467 July 2026
Pt F, Ch 4, Sec 3
144



Pt F, Ch 4, Sec 3

2.14 BNWAS
Bridge navigational watch alarm system.

2.15 Bridge
The area from which the navigation and/or control of the ship are exercised, comprising the wheelhouse and the bridge wings.

2.1.6 Bridge system
The total system for the performance of bridge functions, comprising bridge personnel, technical systems, human and machine
interface and procedures.

2.1.7 Bridge wing
The part of the bridge on each side of the wheelhouse, which extends to the ship's side.

2.1.8 Cargo Operations
Operations related to transferring or receiving general mixed cargo or liquid cargo between ship and offshore installation,
included control and monitoring of own ship and cargo gear.

2.1.9 Category A alert
Alert for which graphical information at the task station directly assigned to the function generating the alert is necessary, as
decision support for the evaluation of the alert-related condition.

2.1.10 Category B alert

Alert where no additional information for decision support is necessary besides the information which can be presented at the
BAMS.

2.1.11 Category C alert
Alert that cannot be acknowledged on the bridge but for which information is required about the status and treatment of the alert.

2.1.12 Catwalk
Arrangement outside the wheelhouse allowing a person safe access to windows along the bulkhead(s).

2.1.13 CCTV
Closed circuit television.

2.1.14 Collision avoidance functions
Detection and plotting of other ships and moving objects; determination and execution of course and speed deviations to avoid
collision.

2.1.15 Commanding view
View without obstructions, which could interfere with the navigator's ability to perform his main tasks, at least covering the field
of vision required for safe performance of collision avoidance functions.

2.1.16 Conning information display

A screen-based information system that clearly presents information from sensor inputs relevant to navigation and manoeuvring,
as well as all corresponding and upcoming orders given by an automatic navigation system to steering and propulsion systems
if connected.

The conning position is the place in the wheelhouse with a commanding view providing the necessary information for conning,
and which is used by navigators when monitoring and directing the ship's movements.

2.1.17 Control
Either effectuate actions or have orders effectuated.

2.1.18 Display
An observable illustration of an image, scene or data on a screen.

2.1.19 Distress situations
Loss of propulsion and/or steering, or when the ship is not seaworthy due to other reasons (situation prior to abandon ship
situation).

2.1.20 Docking
Manoeuvring the ship alongside a berth and controlling the mooring operations.

2.1.21 Easily accessible
Within 5 m distance from working position.

2.1.22 Easily readable
Within the horizontal angle of 90 degrees to each side and vertical angle of 90 degrees below - to 60 degrees above the horizon
from the normal line of sight for the operator.
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2.1.23 Electronic chart display and information system (ECDIS)

A navigation information system, which with adequate back-up arrangements can be accepted as complying with the up-to-date
chart required by regulation V/20 of SOLAS Chapter V, and be accepted as meeting the chart carriage requirements of SOLAS
Chapter V, as amended by Res. MSC.99(73), by displaying selected information from a SENC.

2.1.24 Emergency situations
When incidents seriously affect internal operating conditions of the ship and the ability to maintain safe course and speed (fire,
technical failure, structural damage).

2.1.25 Electronic nautical chart (ENC)

The database, standardised as to content, structure and format, issued for use with ECDIS on the authority of government
authorised hydrographic offices.

2.1.26 Ergonomics
Application of the human factors implication in the analysis and design of the workplace and equipment.

2.1.27 Field of vision
Angular size of a scene that can be observed from a position on the ship's bridge.

2.1.28 Manoeuvring

Operation of thrusters, steering systems and propulsion machinery as required to move the ship into predetermined directions,
positions or tracks.

2.1.29 Monitoring
Act of constantly checking information from instrument displays and environment in order to detect any irregularities.

2.1.30 Navigation

Planning of the ship's route and determination of position and course of the ship, execution of course alterations and speed
changes.

2.1.31 Navigational bridge
The area of the bridge where transit operation is performed.

2.1.32 Normal operating conditions

When all shipboard systems and equipment related to primary bridge functions operate within design limits, and weather
conditions or traffic, do not cause excessive operator workloads.

2.1.33 Officer of the watch (OOW)
Person responsible for the safety of navigation and bridge operations until relieved by another qualified officer.

2.1.34 Operational bridge functions

Functions related to ship handling in relation to the operation the ship is engaged in. Such functions are:
¢ manoeuvring functions

¢ deck equipment operation (for anchor handling, oil recovery and cargo transfer operations)

® rescue operation

¢ monitoring of internal safety systems

¢ external and internal communication related to safety in bridge operation and distress situations

¢ docking functions.

2.1.35 Primary bridge functions

Functions related to determination, execution and maintenance of safe course, speed and position of the ship in relation to the
waters, traffic and weather conditions. Such functions are:

¢ route planning functions

* navigation functions

¢ collision avoidance functions

¢ manoeuvring functions

¢ docking functions

e monitoring of internal safety systems

¢ external and internal communication related to safety in bridge operation and distress situations.

2.1.36 Readable

Within a horizontal sector of 225° and vertical sector from 90° below to 60° above the horizon from the operators normal eye
position.
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2.1.37 Rescue

An operation where a defined ship is, either bringing own personnel being in distress in the water to safety, or is assisting an
offshore platform, barge or another ship in bringing their personnel being in distress in the water to safety.

2.1.38 Route monitoring
Continuous surveillance of the ship's sailing (position and course) in relation to a preplanned route and the waters.

2.1.39 Route planning
Pre-determination of course lines, radius turns and speeds in relation to the waters to be navigated.

2.1.40 Rudder angle
Rudder angle mean thruster angle when main propulsion is azimuth thrusters.

2.1.41 Safety operation
Handling of emergency and distress situations on board own ship or assisting other ships and offshore installations in such
situations.

2.1.42 System electronic navigational chart (SENC)
A database resulting from the transformation of the ENC by ECDIS for appropriate use, updates to the ENC by appropriate means
and other data added by the mariner.

2.1.43 Screen
A device used for presenting visual information based on one or several displays.

2.1.44 Towing operation
An operation including one or more ships capable to assist offshore platforms, barges and ships in moving from one position to
another, or in keeping their defined position.

2.1.45 Wheelhouse
Enclosed area of the bridge.

2.1.46 Within reach

The distance the operator can reach and use a control unit. For other workstations than workstations for offshore operations the
area may be increased to:

e From a standing position this distance is regarded to be maximum 800 mm in forward direction and 1400 mm sideways.

e From a seated position, at a distance of 350 mm from a console, this distance is regarded to be maximum 1000 mm, and
maximum 800 mm for frequently used equipment.

2.1.47 Workstation
A work place at which one or several tasks constituting a particular activity are carried out and which provides the information
and equipment required for safe performance of the tasks.

e  Workstation for communication:

A workplace for operation and control of equipment for distress and safety communication (GMDSS), and shipboard
communication for ship operations.

*  Workstation for primary bridge functions:

A workplace with commanding view used by navigators when carrying out navigation, route monitoring, traffic surveillance
and manoeuvring functions, and which enables monitoring of the safety state of the ship.

¢ Workstation for safety operations:

A workplace dedicated organisation and control of internal emergency and distress operations, and which provides easy
access to information related to the safety state of the ship.

3 Documentation to be submitted

3.1 General
3.1.1 Documentation according Tab 1 is to be submitted.

Table 1 : Documentation to be submitted

No. | A/l (1) Documentation
1 | General arrangement plan
2 A Navigation bridge design drawing
(1) A: to be submitted for approval ; I: to be submitted for information
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No. | A/l (1) Documentation
3 Drawing of vertical field of vision at navigation bridge
4 A Drawing of horizontal field of vision at navigation bridge
5 A | Navigation bridge nautical workstation arrangement plan
6 A Navigation bridge windows framing arrangement plan
7 A Plan of system arrangement at navigation bridge
8 A Navigation bridge coating specification
9 A List of equipment of the navigation systems
10 A Navigation system power supply arrangement
11 A Navigation system arrangement plan
12 A | Test procedure for quay and sea trial of navigation systems
13 A Bridge alarm management - Control system functional description
14 A Functional description of steering mode selection system
15 A | Arrangement plan of the lighting system within the wheelhouse
16 A | Arrangement plan of the ventilation system in the wheelhouse
17 A | Arrangement plan of the external communication systems
18 A | Arrangement plan of Local Area Network (LAN) for navigation systems
19 A Electrical schematic drawing of the automatic telephone system
20 A | Arrangement plan of the automatic telephone system
21 A Equipment list of Ultra High Frequency (UHF) telephone system

(1) A: to be submitted for approval ; I: to be submitted for information

3.2 Certification requirements

3.2.1 Certification documentation is to be submitted for the following devices:

¢ Automatic Identification System (AIS)

e BNWAS
¢ BAMS
¢ CCTV

¢ Depth measuring system

e ECDIS equipment

¢ External communication (including GMDSS)
¢ Gyro/heading system

¢ Heading control System (autopilot)

¢ Internal communication

* Position system

¢ Radar equipment

¢ Sound reception system

¢ Speed measuring system

e Steering/Manoeuvring control system
e Sunscreens

¢ Track Control system (TCS)

¢ Weather Information System

¢ Wiper system

Note 1: Depending on the flag, a BV type approval certificate or a MED certificate will be required.
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4 Bridge Design and Configuration

4.1 Bridge operations

4.1.1 The design of the bridge is to be carried out taking into account not only the operational tasks but also the navigational
tasks, according to the mission of the ship.

4.1.2 The following operations are to be facilitated from the bridge as applicable:
¢ anchor handling

e cable/pipe laying operations

* cargo operations

¢ docking operations

¢ fire fighting

¢ fire fighting well intervention operations
¢ oil recovery

¢ pilot boarding manoeuvring

¢ safety operations

¢ search/rescue operations

® seismic operations

¢ subsea operations

* towing operations

e transit

¢ wind turbine installation.

4.2 Navigational bridge workstations

4.2.1 The design and location of the workstations is to enable the ship to be navigated and manoeuvred safely and efficiently by:
¢ one navigator under normal operating conditions, and
* two navigators in close co-operation when the workload exceeds the capacity of one person, and when under pilotage.

4.2.2 As a minimum, the following workstations for primary bridge functions are to be provided at the navigational bridge:
¢ workstations for navigating and manoeuvring

¢ workstations for monitoring workstation for route planning

¢ workstation for docking/search/rescue operations

Note 1: Workstation for docking operations or Workstation for route planning may be combined with other workstation.

4.3 Operational bridge workstations

4.3.1 Workstations arrangement for several other functions will be considered on an ship serving in multi-roles. Separate
workstations are required in order to facilitate these functions.

4.3.2 Workstations are to be designed and located in order to enable safe and efficient positioning/ manoeuvring of the ship and
safe and efficient operation/ monitoring of all deck equipment needed for carrying out the different operations relevant for the

ship.

4.3.3 Workstations arrangement is to facilitate performance by one operator under normal operating conditions, as well as by
two operators in close co-operation when the workload exceeds the capacity of one person.

4.3.4 A workstation for ship handling and a workstation for aft support are required at the bridge in order to allow operations
either by one operator alone or by two operators in close co-operation.

4.4  Visibility

4.4.1 General

The bridge is to be planned with the aim to optimize its location and layout to achieve continuous access to visual information
from outside the wheelhouse and easy co-operation between bridge personnel, promoting effective and safe bridge resource
management.

The view of the working deck, location of funnel(s), location of workstations and field of vision from workstations is to be
optimized.

442 Window arrangement
Field of vision is to be optimized from each workstation. Divisions between windows and bulkheads is to be kept to a minimum.
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45 Windows

4.5.1 Internal light sources is not to cause glare in bridge windows or affect the view required for safe performance of bridge
operations

4.5.2 To help avoid reflection from lights in wheelhouse consoles, all bridge windows are, as far as practicable, to be inclined
from the vertical plane top out, at an angle of not less than 15° and not more than 25°.

4.5.3 Windows are to be as wide as possible and not less than 1200 mm wide at a height of 1600 mm above the wheelhouse
deck within the required field of vision from the workstations for navigation and navigation support.

4.5.4 Windows are not to be less than 1000 mm wide at a height of 1600 mm above the wheelhouse deck within the required
field of vision from other workstations.

4.5.5 Windows within any required field of vision area are to have in general have a minimum height of 2000 mm above the
wheelhouse deck and the lower edge is to be maximum 1000 mm above the wheelhouse deck.

4.6 Blind sectors

4.6.1 Blind sectors (due to cargo, cargo gear, divisions between windows and other obstructions appearing in the required field
of vision), is to be as few and as small as possible, and in no way hamper a safe lookout from the workstations for primary bridge
functions and offshore operations.

4.6.2 The front/ aft bulkhead of bridge wings are, as far as practicable, to be aligned with the line of sight from the relevant
workstations in order to avoid excessive blind sectors.

The divisions between front windows is not to exceed 150 mm. If stiffeners are used, divisions is not to exceed 100 mm in width
and 120 mm in depth.

4.7 Clear view through windows

4.7.1 At least two clear-view windows are to be provided on the navigation bridge front windows.

4.7.2 A clear view through at least two of the windows aft of the workstations for ship handling and aft support is to be provided.
4.7.3 Depending on the bridge configuration, additional clear-view windows are to be provided.

4.7.4 A clear view through bridge windows within the field of vision required from the workstations for primary bridge functions,
offshore operations, rescue and fire fighting is to be provided at all times regardless of weather conditions. The following
installations are required:

¢ Sunscreens are to be provided. The sunscreens are to be of type roller blinds and offer anti-glare and heat rejecting properties.
Only the outer surface are to be highly reflective while the inner surface is to offer a non-reflective appearance. Anti-glare
effect (reduction) better than 80% and heat rejection better than 60% is to be achieved

¢ Heavy duty wipers and fresh water window washing system are to be provided to ensure a clear view in bad weather
conditions.

* Efficient de-icing and de-misting systems to ensure a clear view in all operating conditions.
¢ Heated glass panels panes are to be used on board ships to be assigned class notation for navigation in ice

¢ When two sets of wipers are installed, the wipers are to be arranged with overlap in order to limit the blind sector in the
required wiping area

¢ Window wipers to be connected to the main and emergency power system

¢ Window wipers to be provided within the 225° field of vision arc from docking/rescue workstations when maneuvering is
possible.

¢ Above systems installed is to comply with appropriate international recognised standards.

4.7.5 No glass panes giving any blurred effect are to be used on the line of sight. The linearity of the view through the windows
is not to be adversely affected by the design of window.

4.7.6 A catwalk or other means is to be provided to the windows without adjacent deck to help maintenance of window wipers
and manual cleaning of bridge front and rear windows

4.8 General requirements for working environment

4.8.1 Toilet facilities are to be provided on or adjacent to the bridge.

4.8.2 Unless otherwise justified, wheelhouse spaces are to be provided with heating and air cooling systems. System controls
are to be readily available for the officer of the watch.
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4.9 Deckhead height

4.9.1 The clear deckhead height in the wheelhouse is to take into account the installation of deckhead panels and instruments
as well as the height of door openings required for easy entrance to the wheelhouse. The following clear heights for unobstructed
passage is to be provided:

¢ The clear height between the bridge deck surface covering and the underside of the deck head beams, or deckhead,
whichever is lower, is to be at least 2,25 m.

¢ The lower edge of deckhead mounted equipment is to be at least 2,1 m above the deck in open areas, walkways and at
standing workstations.

¢ The lower edge of entrances and doors to the wheelhouse from adjacent passageways is not to be less than 2000 mm
¢ the lower edge of deckhead mounted equipment is not to degrade the vertical field of vision in the required horizontal sector.

4.9.2 ltis to be possible to secure doors to open deck areas in the open position.

4.9.3 Ships with fully enclosed bridge wings is to have at least one door providing direct access to the adjacent area outside the
wheelhouse.

4.10 Passageways

4.10.1 A clear route between the fore and aft bridge is to be provided. The width of the passageway is to be at least 1200 mm
and not less than 700 mm at any single point of obstruction. The number of obstructions between the points of entry to the bridge
from lower decks and the clear route referred to above is to be limited.

4.10.2 Every effort is to be made to allow a clear route across the wheelhouse from bridge wing to bridge wing. The width of
the passageway is to be at least 1200 mm and not less than 700 mm at any single point of obstruction.

4.10.3 If consoles at workstations for primary functions or other consoles are located away from the front bulkhead with the
purpose of giving passageway, the width of the passageway is to be sufficient for one person to pass a stationary person and in
general, is not to be less than 600 mm.

4.10.4 The distance between separate workstation areas is to be sufficient to allow unobstructed passage for persons not working
at the stations. The width of such passageways is not to be less than 700 mm, also considering persons sitting or standing at their
workstation.

4.10.5 Entries to workstations is to be sufficiently wide to allow operators easy access to aft workstations, and their width is to
be not less than 700 mm.

4.10.6 If a passageway/opening between the workstation for navigating/maneuvering & monitoring is provided for easy
movement between the workstations, such passage may be accepted 400 mm wide.

4.10.7 If the entries to workstations are between the bridge bulkhead and the workstation consoles, their width is not to be less
than 300 mm at deck level and 600 mm at 1000 mm above deck level. See Fig 1.

4.10.8 Direct access is to be provided for each individual workstation (aft workstations).
4.10.9 An example of bridge lay out is described in Fig 2.

Figure 1 : Passageway between console and aft windows

Chair
Min. 600 mm

-]
€ Console
E onso
o
o
o

Min.
300 mm
Rules for the Classification of Steel Ships - NR467 July 2026

PtF, Ch 4, Sec 3
151



Pt F, Ch 4, Sec 3

Figure 2 : Example of bridge lay out
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4.11 Safety of personnel

4.11.1 The bridge area and the wings areas, is to be free of physical hazards to bridge personnel (sharp edges, protuberances).
4.11.2 Adequate means are to be provided for anti-slip of the floor, whether it is dry or wet.

4.11.3 Sufficient handrails or the equivalent are to be fitted to stand or move between the workstations.

4.11.4 All safety equipment on the bridge are to be clearly marked and easily accessible and have its stowage position clearly
indicated.

4.12 Vibration and noise
4.12.1 The noise level on the bridge is not to interfere with verbal communication and mask audible alarms.

4.12.2 Uncomfortable levels of vibration is to be avoided in the bridge

4.13 Temperature and ventilation

4.13.1 The wheelhouse is to be equipped with an adequate temperature control system. As a minimum, the external
temperatures which are to be taken into account are from -20°C to 35°C at a relative humidity of 70%.

4.13.2 Control of temperature and ventilation system is to be possible from bridge or adjacent locations.

4.14 Light arrangement in wheelhouse and on deck

4.14.1 An adequate level of lighting facilitating the performance of all bridge tasks at sea and in port, daytime and night time,
is to be provided. Workstation areas are to have a greater luminance than the ambient lighting level.

4.14.2 During periods of darkness, the lighting provided to discern control devices and read labels and marking is to preserve
the night vision of the officer of watch (OOW). it is to be possible to decrease the illumination intensity to nearly zero.

4.14.3 lllumination level is to be adjustable depending on the different areas of the bridge (see Tab 2).

Note 1: White ceiling lights for bridge illumination do not require dimming facilities.

4.14.4 Red and filtered illumination levels are to be available in night time.

Lighting sources located in adjacent spaces are not to illuminate the wheelhouse at nighttime.

4.14.5 Lighting of workstation which could be used by personnel other than OOW are to be provided with separate on/off
switcher. Lighting and glare, if any, are to be properly shielded

4.14.6 The lighting installation is to be such that the glaring lights from deck lights and the searchlights will not dazzle the
operator at the workstations.

4.14.7 Precautions are to be taken in order to avid glare, reflections on windows, deckhead surfaces and bridge surfaces
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Table 2 : lllumination levels

Location Colour and illumination
White
Wheelh |
cethouse genera At least 200 lux
da White
Y At least 300 lux
Workstations
night Red
& Variable up to 20 lux
da White
) o Y At least 200 lux
Open staircase inside wheelhouse
night Red
g Variable up to 20 lux (1)
da White
Y Variable 100-1000 lux
Chart table
night White filtered
g Variable up to 20 lux
da White
Y At least 200 lux
Toilet
night Red
& Variable up to 20 lux
(1)  As an alternative, fixed indirect red or filtered white light may be provided in the steps

5 Workstation general arrangement

5.1 Consoles and desktops

5.1.1 Consoles are to be divided into 2 separate areas:
¢ one for the display of information located in the upper (vertical) part of the console
¢ one for the location of equipment necessary for taking action on the information located in the lower (horizontal) part.

5.1.2 Desktops to be used from sitting positions only are to be more 750 mm high.
5.1.3 Desktops to be used from sitting and standing positions are to be more than 800 mm high.

5.1.4 The general height of consoles forming a workstation for radio communication or other additional tasks that are to be used
by the officer is not to obstruct the field of vision required maintaining a proper lookout from a sitting position at the console.
The height of consoles located at workstations for additional functions, including equipment installed on top of console, is not
to exceed 1300 mm.

5.2 Overhead consoles

5.2.1 Consoles installed in ceiling are not to obstruct the vertical field of vision from the workstations for an operator with a
height of eye of 1800 mm. See Fig 3.

5.2.2 The use of overhead consoles is generally to be limited to indicators and information displays. Displays with important
information is to be located within the easily readable field of vision of the operator.

5.2.3 Where overhead displays serve frequently operated equipment the controls is to be located within a radius of 800 mm
from an eye position 1600 mm above deck and within reach from a seated position at the workstation and be available when
standing or moving the chair to enable access to other equipment. See Fig 3.

5.2.4 Overhead consoles is to be angled to suit the line of sight from the working position. See Fig 4.

5.3 Chairs

5.3.1 Workstations for navigating, manoeuvring and aft support are to be fitted with a chair.

5.3.2 Rails for fore and aft adjustment of the chairs is to be installed flush with the deck surface or fitted with an anti-trip skirting
board.

5.3.3 Backrest inclination is to be between 102° and 108°.

5.3.4 An adjustable footrest is to be provided for a range of knee joint heights between 380 mm and 580 mm.
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Figure 3 : Overhead consoles abeam
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6 Arrangement of primary workstations

6.1 General

6.1.1 The design and location of the primary workstations is to enable safe and efficient traffic surveillance, navigation and
manoeuvring of the ship. The workstations is to be designed and located so as to enable the ship to be navigated and manoeuvred
safely and efficiently by both:

¢ one qualified crew member under normal operating conditions at sea

¢ two qualified crew members working together in periods of high workload.

6.2 Primary workstation layout

6.2.1 The main working position at workstations for navigation, manoeuvring and traffic surveillance is to be the working
position for operating the radar with collision avoidance functions. It is to be within reach from a seated position.

6.2.2 Heading and speed controls are to be located within reach of the seated working position at workstations for navigating
and manoeuvring to facilitate collision or grounding avoidance manoeuvres without losing view of the traffic. The ECDIS for
position-fixing and route monitoring are to be available easily from the manoeuvring position.

6.2.3 A passageway in front of the workstations may be provided to give direct easy access to windows for monitoring.
Alternatively, there may be a gap between two workstations close to the windows.

6.2.4 Access to front windows may be provided from the workstations for navigating and manoeuvring between the centre
console and a chart radar provided the conning information display is readable from the working position at the chart radar and
controls for heading and speed adjustments are located within reach.
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6.2.5 If readability and control of chart information can be maintained from a seated position, access to the front windows from
the workstations for navigating and manoeuvring may also be provided between the radar and ECDIS. This may be achieved
when the radar is provided with chart facilities. Alternatively, remote controls for the ECDIS may be used, provided the chart
information is easily readable from the seated position. An other solution is to locate the ECDIS in the centre console and the
conning display above the front windows if monitor screens are readable from seated position.

6.3 Workstation consoles for primary functions

6.3.1 For front workstations an eye height of 1500 mm is used. In order not to obstruct the line of sight from a position of 350 mm
behind a console of average depth and any passageway in front of consoles, giving a total horizontal distance of maximum 2300
mm between the operator and the steel bulkhead, the console height, including foundation, is not to exceed 1200 mm. See Fig 5.

6.3.2 The height of console desktops is to enable easy use of equipment to be used from sitting position. The console height is
not to obstruct the required field of vision.

6.3.3 A standard console height of 1200 mm is acceptable even if the top of the console interferes with the line of sight from a
sitting eye height of 1500 mm.

6.4 Chairs at workstations for primary functions

6.4.1 Chairs are to be installed at the workstation for monitoring and at the workstations for navigating and manoeuvring. They
are to be easy adjustable in order to suit an eye height of 1500 mm. In general, the vertical adjustment of the seat rest is to range
from 600 mm to 800 mm above the deck surface. The seated location is to be located at 350 mm from the console. See Fig 5.

Figure 5 : Vertical field of vision over consoles
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7 Arrangement of navigating and manoeuvring workstations
7.1 General requirements
7.1.1 Navigating and manoeuvring workstations is to facilitate:
¢ fixing and plotting the ship's position, heading, track and speed
¢ monitoring the traffic by sight and hearing as well as by all available means
¢ analysis of the traffic situation
¢ collision avoidance decision making
¢ heading changes
¢ speed changes
¢ steering mode changes
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¢ internal and external communication
¢ docking aid operation
* monitoring of all alarms

e monitoring of time, heading, speed, track, propeller revolutions, thrust indicator, pitch indicator, helm angle and rudder
angle.

7.2 Field of vision
7.2.1 The horizontal field of vision from the working position at the workstation for monitoring and from the seated position at
the workstations for navigating & manoeuvring is to extend over an arc of not less than 225°, that is from dead ahead to not less

than 22.5° abaft the beam on either side of the ship. See Fig 6.

7.2.2 A horizontal field of vision to the horizon of 360° is to be obtained by using not more than 2 positions inside the
wheelhouse on either side of the workstations for navigating & manoeuvring, being not more than 15 m apart.

Figure 6 : Horizontal field of vision

22,5°

7.2.3 The view of the sea surface from the workstations for navigating & manoeuvring, using an eye height of 1500 mm above
deck, is not to be obscured by more than two ship lengths or 500 m, whichever is less, forward of the bow to 10° on either side,
under all conditions of draught and trim. See Fig 7.

7.2.4 When the distance between the windows and the viewing point 350 mm aft of the consoles at the workstations for
navigating and manoeuvring is more than 2300 mm, the height of the lower edge of the windows in the sector from ahead to
90° on each side is to be decreased sufficiently to maintain the line of sight from an eye height of 1500 mm above deck. See Fig 5.

7.2.5 Blind sectors caused by obstructions appearing in the required field of vision of 225° is to be as few and as small as
possible. The total arc of blind sectors within this field of vision is not to exceed 30°. See Fig 8.

7.2.6 Over an arc from dead ahead to at least 10° on each side of the bow, seen from the workstations for navigating &
manoeuvring, no blind sector is to exceed 5°. Elsewhere, each individual blind sector within the required field of vision is not to

exceed 10°.

7.2.7 The clear sector between two blind sectors is to at least 5° and not less than the size of the broadest blind sector on either
side of the clear sector.

7.2.8 If helicopter deck or other platforms are installed above and in front of wheelhouse obstructing the vertical field of vision,
a vertical angle of view of not less than 5° above the horizontal plane, extending from eye height in forward direction, is to be

provided irrespective of helicopter deck or other structures placed on top of the wheelhouse.

7.2.9 ltis to be possible to observe the ship bow for reference of ship position/ heading from the workstation.

Note 1: Mast can be used as reference.

Figure 7 : Vertical field of vision forward of the bow
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Figure 8 : Blind sectors seen from workstations for navigating and manoeuvring
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7.3 Requirements for anchor handling and towing

7.3.1 The sea surface within 600 meters from the ship's stern must be visible from the workstation for monitoring of towing units.
See Fig 9.

7.3.2 Wire stoppers and the entire breadth of the ship's stern are to be visible from the normal working position aft. See Fig 10.

7.3.3 From the workstation the operator is to be able to monitor the spooling of the wire, the towing guide and the relative
horizontal angle of the tow wire at the stern roll.

Note 1: A CCTV system may be used.

Figure 9 : Monitoring of tow for anchor handling and towing
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Figure 10 : Horizontal field of vision for anchor handling and towing operations
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7.4 Seismic vessels

7.4.1 The horizontal field of view from the normal forward workstation is to enable the operator to monitor the start of streamers
in a sector not less than £ 30°.

7.4.2 The sea surface is to be visible from the working position not less than 1000 meters from the ship's stern for monitoring of
towing units. See Fig 11.

7.4.3 The horizontal field of vision from the normal working position in front is to enable the operator to monitor the start of
streamers in a sector not less than + 30°. See Fig 12.

Note 1: A CCTV system may be used.
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Figure 11 : Monitoring of tow for seismic vessels
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Figure 12 : Monitoring of tow for seismic vessels
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7.5 Equipment

7.5.1 The following instruments and equipment are to be installed within reach from a sitting position:
e propulsion back-up control (when provided)

¢ propulsion control

¢ heading control system or track control system (as provided)

¢ manual steering control with override control of automatic systems

¢ steering mode selector

¢ means for take command to workstation (steering, propulsion, thrusters)

e VHF

e UHF

¢ automatic telephone

e whistle push button

¢ emergency stop for propellers/thrusters

¢ central alarm panel (AMS)

* BNWAS

¢ engine alarm panel (engine alarm panel/ EO alarm panel might be included in central alarm panel)
¢ window wiper and wash controls for the windows within the required field of vision

¢ searchlight controls (when provided).

7.5.2 The following equipment is to be installed within reach from a standing position at the workstation where also controls
for propulsion and steering can be operated:

e chart radar with ARPA

e ECDIS

e thruster control(s)

e thruster back-up control(s) (when provided)
¢ joystick control (when provided).

7.5.3 Following means are to be easily accessible from the workstations for navigating & manoeuvring and include:
¢ instruments and equipment installed at the navigation support workstation

e alarm panel for additional functions, such as fire, emergency, etc.

e dimmer controls for lights to be used at the workstation

e controls for the sound reception system.

CCTV controls, for anchor handling and towing operations, (if applicable).
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7.6 Information required

7.6.1 Information considered essential for the safe and efficient performance of tasks at the workstations for navigating &
manoeuvring is to be easily readable, and audible when relevant, from the working position at the workstation. It includes:

¢ propeller revolution and engine rpm/ load as relevant

¢ thrust indication or alternatively thruster pitch and RPM (as provided)
¢ propeller pitch (when provided)

¢ rudder angle

¢ rudder order, if the steering system is a follow-up system
¢ ship's heading (steering repeater)

¢ ship's speed

e water depth

¢ wind direction and speed

e time

¢ alarms and warnings

¢ sound from navigational aids and ship's whistles

¢ conning display

® gyro compass monitoring system

¢ Magnetic compass (if provided).

7.6.2 Additional requirements for anchor handling and towing operations:
e winch tension, wire length and wire speed indication (may be part of conning display)

¢ monitor(s) for supporting view of tow or wire (if applicable).

8 Arrangement of monitoring workstation

8.1 Role of workstation

8.1.1 The monitoring workstation is for the following tasks:

¢ Fixing and plotting the ship's position, heading, track and speed

¢ Navigational communications

¢ Monitoring of time, heading, speed and track, rudder angle, propeller rpm and pitch

¢ Changes to pre-planned route during the voyage.

8.2 Field of vision

8.2.1 Monitoring workstations are to meet the same requirements set out above for field of view as workstations for navigating
and manoeuvring, except the additional requirements for anchor handling and towing operations. See [7.2].

8.3 Equipment

8.3.1 From a standing position at the monitoring workstation the navigator is to be able to easily reach:
e Radar

¢ ECDIS backup arrangement

e A charttable, unless the ship uses ECDIS only as the official chart system

¢ Position-fixing systems including GPS

e VHF

¢ Internal telephone

e  Whistle control

e BNWAS
e BAMS.
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8.4 Information

8.4.1 Essential information essential for operations at the monitoring workstation is to be easily readable from the working
position at the workstation. including:

¢ propeller revolutions and engine rpm/ load as relevant
¢ propeller pitch (when provided)

¢ rudder angle

¢ ship's heading

¢ ship's speed

e water depth

e time

e distance run

¢ conning display.
9 Arrangement of offshore operations workstation

9.1 General

9.1.1 Workstation for ship handling and workstation for aft support is to be so arranged and designed that two qualified operators
can work either separately or in close co-operation (depending on the workload or the nature of the operations).

9.1.2 The workstation for aft support is to facilitate control of offshore operations and serve as backup for manoeuvring functions
if operator at workstation for ship handling becomes inoperative.

9.2 Layout

9.2.1 Aft-facing workstations for ship handling and offshore operations are to be located close together to facilitate close co-
operation between the two workstations and to avoid duplication of equipment and indicators.

9.2.2 Access to the back-up manoeuvring controllers from both workstations is to be provided.
9.2.3 Consoles/panels located between operator and aft windows are not to obstruct the view of cargo deck.

9.2.4 The width of consoles is to be kept as narrow as possible in order to avoid operator stretching over the console in order
to reach equipment mounted outside normal reachable area and thus risking unintended activation/ movement of controls.

9.2.5 The space provided for the chair seat and the operator is to be kept to a minimum. See Fig 13.

Figure 13 : Size of consoles when common centre console is used
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9.3 Workstation consoles for offshore operations

9.3.1 Workstation consoles are not to obstruct the view through windows required for monitoring aft deck operations from sitting
position at the workstations for offshore operations. Consoles located in athwart ship direction are not to obstruct the required
field of vision from the workstation.

9.3.2 A vertical angle of view not less than +/- 5° in relation to the horizontal line of vision is to be provided by adjusting the
size of windows if necessary. See Fig 14.
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Figure 14 : Location of workstation consoles and window size in the
field of vision arc between abeam and 30° aft of abeam
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9.4 Chairs

9.4.1 Chairs are to be provided for the aft-facing ship handling and aft support workstations. They are be operator adjustable
over a range of +/- 100 mm to give an elbow height of 50 mm above the level of adjacent consoles. See also [9.5].

9.4.2 The arrangement of chairs and workstations is to be such as to facilitate safe and efficient operation. The chair is to be
instantly moveable if any essential equipment is not in the easy reach area.

9.5 Priority zones

9.5.1 Equipment and indicators at workstations are to be located according to importance and frequency of operation.

10 Arrangement of workstation for ship handling

10.1 General

10.1.1 The ship handling workstation is to facilitate:

e main propulsion control

e thruster control

¢ main and auxiliary machinery status monitoring

¢ dynamic positioning system control and monitoring

e communication with other ships, platforms and internally

¢ monitoring and silencing alarms from equipment serving other functions located on the bridge requiring action or attention
from the operator (e.g. fire alarms, GMDSS alarms, engine alarms)

¢ visual monitoring of cargo or other aft deck operations
e monitoring workstation for aft support
¢ monitoring workstations for navigating and manoeuvring and ship handling

¢ berthing or unberthing the ship.

10.2 Field of vision

10.2.1 The horizontal field of vision from the aft ship handling workstation is to extend over an arc of not less than 180°, from
right astern to not less than the beam on either side of the ship.

10.2.2 For monitoring of ships side by side or platforms when lying alongside, the horizontal field of view beside the broadest
part of the wheelhouse is to extend over an arc of not less than 5°, See Fig 15.
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Figure 15 : Horizontal field of vision from workstations for offshore operations
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10.2.3 In order to maintain a horizontal field of vision when the ship is rolling in heavy seas, there is to be an unobstructed view
at an angle of at least 5° above and below the horizontal plane from the workstation for offshore operations in the sector from
abeam to 30° abaft the beam. The height of the upper edge of the windows is to be at least 2000 mm under all circumstances.

10.2.4 The height of the lower edge of the windows is to be a maximum 1000 mm above deck under all circumstances.

10.2.5 Workstations and the lower edge of windows are not to obstruct the line of sight 5° below the horizontal plane. See Fig 16.

Figure 16 : Vertical field of vision in the sector from abeam to 30° aft
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10.2.6 There is to be a view from the workstations for offshore operations of the cargo rail and working deck. Any obstructions
in this view is to be kept to a minimum. Over an arc of not less than 120°, i.e. from right astern to not less than 30° abaft the
beam on either side of the ship, the height of the lower edge of the windows above the bridge deck is to be so that the bulkhead
below the windows does not obstruct the view of the cargo deck.

10.2.7 There is to be view at an angle of at least 20° above the horizontal plane from the workstation for offshore operations
over an arc of 120°, that is from right astern to not less than 30° abaft the beam on either side of the ship in order to see cargo
coming down to the aft deck from cranes. For ships not engaged in cargo handling to/ from platforms the above vertical view
can be reduced to not less than 10° above the horizontal plane. See Fig 17 and Fig 18.

10.2.8 The total arc of blind sectors within the required 180° field of vision at the workstation for offshore operations is not to
exceed 20° and no blind sector caused by cargo, cargo gear, divisions between windows or other obstructions appearing in the
required field of vision is to exceed 10°.

10.2.9 The clear sector between two blind sectors is to be at least 5° and not less than the size of the broadest blind sector on
either side of the clear sector. See Fig 18.

10.2.10 The eye position of the operator at the workstations is to be taken for calculation purposes to be 1600 mm above deck
with the seat in the normal working position.

10.2.11 ltis to be possible to monitor visually the workstations for navigating & manoeuvring, from workstation for ship handling
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Figure 17 : Vertical field of vision in the sector of 120° astern
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Figure 18 : Overview of the fields of vision required from workstations for offshore operations
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10.3 Equipment required

10.3.1 The following controls and displays are to be within easy reach of the qualified crew member operating the aft ship
handling workstation:

¢ dynamic positioning system (when provided)

e joystick

¢ independent joystick system (when provided)

¢ manual steering control (including any back-up mode)
e steering gear control and alarm system

¢ longitudinal thrust control

¢ lateral thrust control

e propulsion control

¢ propulsion back-up control (when provided)

e thruster control(s)

e thruster back-up control(s) (when provided)

* extension alarm panel

* BAMS

¢ Mode selector switch and means for take command of workstation (steering, propulsion, thrusters)

¢ whistle push button

e VHF
e UHF
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¢ automatic telephone

¢ search light controls

¢ window wiper and wash controls for the windows within the required field of vision
¢ deck light controls

¢ means for controlling the chart radar (or radar and ECDIS)

¢ means for controlling towing pins and jaw

¢ arrangement for placement of papers as instructions, procedures and plans.

10.3.2 Priority is to be given to location of controls for joystick, dynamic positioning (if installed), propulsion throttles, rudder
controls, thrusters and necessary communication (UHF, VHF and telephone systems).

10.3.3 The following equipment is to be installed sufficiently close to the operator's working position, so that it is not necessary
to leave the chair for taking appropriate action.

¢ alarm panel for additional functions, such as fire, emergency, cargo, etc.

e GMDSS equipment that may require attention

¢ alarm systems included in BAMS may not necessarily be located at the workstation.

Note 1: Additional requirements for anchor handling operation: anchor handling position surveillance system control (system for aiding the ship
to find the correct anchor position given by the rig).

10.4 Information to be provided

10.4.1 Following Information is to be easily readable, and audible when relevant, from the working position at the workstation:
¢ propeller revolution and engine rpm/ load as relevant

¢ propeller pitch (when provided)

¢ thrust indication or alternatively thruster pitch and RPM (as provided)

¢ rudder angle

¢ rudder order, if the steering system is a follow-up system

¢ ship's heading

e ship's speed

e water depth

¢ wind direction and speed

e time

e essential status information of main and auxiliary machinery, as relevant
e alarms and warnings

e conning display

¢ chart information

¢ traffic information

¢ collision warning

e grounding warning.

Note 1: Additional requirements for anchor handling and towing operations:

e essential winch information (tension, length, wire speed)

e CCTV monitors for monitoring of winch equipment and spooling apparatus.

11 Arrangement of aft support/offshore operations workstation

11.1 Field of vision

11.1.1 field of vision is to be in accordance with [10.2].
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11.2 Equipment

11.2.1 The following functions are to be operated by the navigator at the workstation for aft support and are to be within reach
from a sitting position at the workstation:

* joystick

¢ manual steering control (including any back-up mode)

e propulsion control

e propulsion back-up control (when provided)

* thruster control

¢ mode selector switch and means for take command of workstation (steering, propulsion, thrusters)
e VHF

e UHF

¢ internal telephone

¢ central alarm panel

e means for controlling towing pins and jaw

* cargo operation system

¢ auxiliary equipment needed for the relevant operations

e BAMS

¢ means to secure and read instructions, procedures and plans on paper.

11.2.2 The following additional equipment is required for anchor handling and towing operations:
¢ winch control system

¢ auxiliary systems for use during anchor handling and towing operations

¢ controls for CCTV for monitoring winch and spooling apparatus.

11.3 Information required

11.3.1 Essential information is to be easily readable or audible. It includes:
¢ propeller and engine rpm/ load as relevant

e propeller pitch

e thrust indication or thruster pitch and RPM

¢ rudder angle

¢ rudder order, when the steering gear is in "follow up" mode
¢ ship's heading

e ship's speed

¢ water depth

¢ wind direction and speed

e time

e conning display.

11.3.2 The following additional information is required for anchor handling and towing operations:
¢ relevant winch information for safe operation of winch system

¢ CCTV monitors for winch and spooling apparatus.

12 Arrangement of workstation for fire fighting

12.1 General

12.1.1 The fire fighting workstation may be mobile or located at several different places to facilitate the field of vision
requirement.

12.2 Field of vision

12.2.1 The field of vision from the fire fighting workstation is to extend over an arc equivalent to the sector the fire monitors are
meant to cover.

12.2.2 The fire fighting operator is to be able to monitor the workstations for navigating and manoeuvring, and the workstation
for ship handling.
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12.3 Fire fighting controls

12.3.1 Fire fighting monitor controls is to be fixed or portable to facilitate the field of vision. Portable equipment is to have fixed
stands at the workplace, ensuring correct direction when in use.

12.4 Information to be provided

12.4.1 Displays, instruments and indicators providing information considered essential for safe and efficient performance of the
tasks at the workstation for fire fighting are to be easily readable, and audible when relevant, from the working position at the
workstation.

13 Arrangement of search/rescue operations workstation

13.1 General

13.1.1 The rescue operations workstation is to facilitate the following operation:
¢ monitor the rescue area along the ship's side

e control main propulsion

e control thrusters

e communicate internally and externally

¢ work with the operators at the ship handling and navigating and manoeuvring workstations.

13.2 Field of vision

13.2.1 The field of vision from the rescue workstation is to provide an unobstructed view of the ship's side and the water surface
along the ship's side, particularly with respect to monitoring of the rescue area.

13.2.2 The field of vision from the rescue workstation is to extend over an arc of not less than 225°, from right ahead to right
astern through the side of the ship on which the workstation is located and then to 45° on the opposite stern. See Fig 19.

13.2.3 Monitoring of the workstations for navigating & manoeuvring or workstation for ship handling is to be possible from the
workstation for rescue.

Figure 19 : Horizontal field of vision
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13.3 Equipment required

13.3.1 The following equipment is to be within easy reach of the workstation operator:

¢ searchlight controls

¢ manual steering control

e propulsion control

e thruster control

¢ mode selector switch and means for take command of workstation (steering, propulsion, thrusters)

¢ emergency stop for propellers/ thrusters

e VHF

e UHF

¢ internal telephone

e BAMS.
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13.4 Information to be displayed

13.4.1 Following information is to be easily readable, and audible when relevant, from the working position at the workstation:
e propeller revolution

¢ propeller pitch (when provided)

¢ thrust indicator or alternatively thruster pitch and RPM

¢ ship's speed

¢ wind direction and speed

¢ rudder angle.

14 Arrangement of communication workstation

14.1 General

14.1.1 Communications equipment and equipment for additional functions not required for the safe navigation of the ship are
to be installed in a separate communications workstation.

14.2 Field of vision

14.2.1 The field of vision from the communications workstation is to extend at least over an arc from 90° on the port bow,
through forward, to 22.5° abaft the beam on the starboard side.

14.2.2 The workstation is to allow an effective lookout. The minimum operator eye height to be considered is 1500 mm above
wheelhouse deck. If necessary the workstation may be located on a lower level below the wheelhouse deck (maximum of 200
mm), but chairs at the workstation are to be high enough to provide the equivalent eye height.

14.2.3 Blind sectors caused by deck supports and other obstructions located inside or outside of the wheelhouse are to be
minimized. Each individual blind sector caused by any obstruction whether inside or outside of the wheelhouse is not to exceed
10°.

14.3 Equipment required

14.3.1 All communication devices required for GMDSS are to be provided at this workstation. Additional communication
devices, if any, are preferably to be available at this workstation.

14.3.2 Provisions are to be made to provide the operator at workstation for ship handling with means for accepting GMDSS
alarms remotely.

14.3.3 Navtex is to be located at this workstation.

14.3.4 Relevant telephone directories, channel plans, emergency contacts and operational contact lists are to be provided.

15 Arrangement of safety monitoring and emergency operations workstation

15.1 General

15.1.1 This workstation is to enable the storage and use of relevant drawings, safety plans, ship safety systems and internal
communication equipment in order to enable monitoring of the safety state of the ship as well as planning and management of
emergency operations.

15.1.2 This workstation is to be located close to the communications workstation

15.1.3 Direct visual and audible contact with the workstations from which the ship is manoeuvred is to be provided.

15.2 Equipment required

15.2.1 The following equipment is to be made available:
¢ bookshelves and drawers of sufficient size
¢ internal communication systems

¢ navigation light controls.
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15.3 Information to be displayed

15.3.1 Information to be displayed includes:
e fire alarm status

e emergency procedures

e safety plans

e watertight door status

e fire door status (when applicable).

16 General requirements for bridge equipment

16.1 General

16.1.1 All applicable regulations and guidelines issued by the International Maritime Organization are to be complied with, in
particular: IMO A.694(17): 1991, General requirements for shipborne radio equipment forming part of the global maritime
distress and safety system (GMDSS) and for electronic navigational aids.

16.1.2 All navigational equipment installed is to be approved and certified by an approved body to IMO performance standards.

16.1.3 Any additional equipment not required by SOLAS or these rules is to comply with performance requirements not inferior
to the rules or associated IMO performance standards as deemed applicable.

16.1.4 Additional bridge equipment, not required by the rules or international regulations that may have an impact on the safety
of main functions is to comply with the applicable requirements of Part C, Chapter 3.

16.2 Equipment location and installation

16.2.1 Instruments and displays are to be permanently mounted to facilitate safe operation. Portable equipment and tools to be
used by bridge personnel must have designated storage.

16.2.2 The instructions and recommendations detailed by the manufacturer are to be followed for the installation of all
equipment and antennas and the layout and location must not impair the designed efficiency.

16.2.3 Radar antennas are to be installed to minimize blind sectors and provide 360° detection. Any blind sector in one radar
system is, as far as possible, to be covered by the other radar system.

16.3 Interference

16.3.1 Special care is to be taken to ensure that the location of equipment does not impair its performance, especially in an
exposed position,

16.3.2 Interference between the antennas for radars, position-fixing receivers and VHF communication systems is to be avoided
and the equipment sited so that the designed efficiency is not substantially impaired.

16.3.3 There is to be a wide separation between transmitting and receiving antenna cables.

16.4 Radiation hazard

16.4.1 Antenna units are to be located so as not to constitute a hazard to personnel working in the vicinity. Radar wave guides,
satellite communication and HF transmitter feed lines are to be shielded by means of isolating trunks or fences to protect
personnel from open wave-guide radiation power and accidental contact with high voltages.

16.4.2 Warning notices detailing safe distances are to be posted in the vicinity of or on satellite communication or radar antenna
units.

16.5 Vibration and shock isolation
16.5.1 External deck equipment is not to be affected by vibration.

16.5.2 The antenna system and instrument installation is to be designed and installed, to withstand the expected vibration, based
on the ship's construction, speed, trim and the sea state.

16.5.3 Antenna systems including active elements are to be provided with a mount design configured to withstand potential
shock damage.

16.6 Protection from high temperature

16.6.1 Instruments are to be located away from excessive heat sources such as a heating vents or exhausts.
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16.6.2 Instruments in a bridge instrument console are to be protected from excessive heat by conduction or, if necessary, cooled
down by forced air flow.

16.7 Central alarm system interface

16.7.1 Any equipment that gives audible alarms or audible warning signals is to be provided with two-way communication so
that the central alarm system can be used for indication of alarms and warnings. The audible alarm and warnings on both the
equipment and the central alarm system are to be arranged so they can be muted mutually.

16.8 BAMS

16.8.1 All equipment that gives audible alarms or audible warning signals are to be provided with a communication interface
suitable for presentation and acknowledgement of their alerts by a central BAMS

17 Specific requirements for Bridge Equipment

17.1 Heading information system

17.1.1 Two separate and independent gyro compasses, or other means having the capability to determine the ship's heading in
relation to geographic true North (e.g. a transmitting heading device, type approved according to ISO 22090-1:2014) are to be
provided. At least one of the compasses is to be a gyro compass.

17.1.2 The system is to enable distribution of heading information to other equipment, such as ECDIS, radar
17.1.3 The system is to identify which of the compass that is in use.
17.1.4 Automatic correction of speed and latitude errors is to be fitted to the gyro compasses.

17.1.5 Means are to be provided for comparing the two compasses and an alarm is to be given if the difference between the
compasses exceeds the set value.

17.1.6 No single failure in power supply or distribution system is to cause the loss of heading information to other systems
depending on heading information including:

¢ Heading/bearing repeaters

¢ Heading control system/track control system
¢ Joystick system

e Dynamic positioning system

e Radar system

e ECDIS.

17.2 Position fixing systems

17.2.1 Two separate and independent position fixing systems are to be provided. At least one of the systems is to be a GPS.
Note 1: Independence may be achieved by separate antenna systems, display/control units, power supply and digital interface output/
distribution units.

17.2.2 At least one of the position-fixing systems is to be capable of receiving and decoding differential data broadcasted for
navigational purposes by maritime radio beacons.

17.2.3 The position system and the distribution system are to be so arranged that a single failure in power supply, or distribution
units, may not cause continuous loss of position information, to other systems which depend on position fixing information
including:

e Track control system

¢ Dynamic positioning system

e Chart radar system

e ECDIS

e GMDSS.

17.3 Steering and manoeuvring systems
17.3.1 Means for manual and automatic steering are to be provided.

17.3.2 The automatic steering system may be a heading control system, track control system or Dynamic Positioning system.
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17.3.3 A manual steering override control is to be provided adjacent to the automatic steering control position. Instant take-over
is to be provided in case of failure in any of the automatic steering systems mentioned in [17.3.2], including the mode switch
itself.

17.3.4 A common mode selector switch controlling all propulsion and thrusters is to be provided as applicable at each
workstation. Means are to be provided for controlling steering, propulsion and thrusters as applicable.

17.3.5 Aclear indication is to be provided when a workstation is in command. A characteristic warning is to be sounded
whenever command is taken on a workstation. The warning is to be audible at all workstations provided with a common mode
selector switch. A clear status message is to be displayed on the workstation in command.

17.3.6 Means for take control of all propulsion and all thrusters are to be provided at all workstations where steering or
manoeuvring is to be carried out. The transfer of control is to enable the operator to take control with the same settings as on the
previous workstation in control, or with neutral settings.

17.3.7 The operator is to be able to select a mode for all propulsion and thrusters with one common switch, so that when
autopilot, manual mode, joystick or dynamic positioning is selected, all the propellers and thrusters will be controlled in the
selected mode. This switch is to be approved according to Pt C, Ch 3, Sec 6.

17.3.8 Normal and back-up control of thrusters and propulsion are to have the same interface.

17.3.9 If any steering or propulsion means not required by these rules is provided, this is to be selectable and necessary indicators
for operation to be installed at this location.

17.4 Speed measuring system
17.4.1 A speed log measuring speed through water is to be provided.

17.4.2 Sensors for speed log are to be protected against ice or be fitted with gate valve for sensor replacing at sea without need
for dry docking.

17.5 Depth measuring system
17.5.1 Echo sounder system for measuring the water depth under the keel is to be provided.

17.5.2 Sensors for echo sounder are to be provided with means for ice protection or to be fitted with gate valve for sensor
replacing at sea without need for dry docking.

17.6 Radar systems

17.6.1 Two separate and independent radar systems are to be provided. Inter-switching of the main components is to be
possible.

17.6.2 One of the radars is to operate in X-band and the other in S-band, unless specific operations of the ship make a second
X-band radar more appropriate.

17.6.3 All radars are to be equipped with performance monitors.

17.6.4 If any single failure may have an impact on inter-switching between radars, then a bypass facility is to be provided with
clear instructions adjacent to the inter-switch.

17.6.5 Both radars are to be provided with a daylight display with a minimum effective diameter of not less than 340 mm (320
mm for radar image).

17.6.6 Both radars are to be equipped of Cat. 1 type.

17.6.7 The radar at workstations for navigating and manoeuvring is to be interfaced to AlS for graphical display of AlS reported
targets in accordance with relevant IMO standards and guidelines.

17.6.8 The radar at workstations for navigating and manoeuvring is to be a Chart Radar with the ability to display selected parts
of Electronic Navigational Chart ENC. This radar is also to be able to display the ship's position and the route used on the ECDIS.

17.6.9 Aslave display is to be installed at the workstation for ship handling, able to display selected parts of ENC in accordance
with [17.6.8]. This slave system is to be provided with means of controlling the range and adjusting tuning, anti-sea clutter, anti-
rain clutter and gain.

Note 1: Alternative means to chart radar may be slave radar + slave ECDIS.

17.7 ECDIS

17.7.1 An approved Electronic Chart Display and Information System (ECDIS) is to be provided.
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17.7.2 An independent electronic back-up for the ECDIS is to be provided. The ECDIS back-up function may be a second chart
radar or a second ECDIS, when located at the monitoring workstation.

17.7.3 The ECDIS is to be linked to the chart radar, to enable direct display of the active route on the chart radar.

17.8 AIS Minimum Keyboard Display (MKD)

17.8.1 It must be possible to operate the AIS MKD from the ECDIS and/or the radar installed at the workstation for navigation
and manoeuvring.

17.9 Bridge Navigational Watch Alarm System (BNWAS)

17.9.1 The bridge is to be equipped with a surveillance system, with motion sensors, which monitors the presence of an alert
OOW. The BNWAS is to ensure that the navigational watch is manned when the ship is underway at sea. The BNWAS system
is to be type approved according to the IMO Performance standard for Bridge Navigational Watch Alarm System, and is also to
comply with the requirements in these rules.

17.9.2 Means to reset the BNWAS function, by automatic detection of human motion, are to be provided at:

e Workstation for navigating and manoeuvring

¢ Workstation for monitoring and

¢ Workstation for ship handling.

If motion detection is provided at workstation for offshore operation, and workstation for offshore support, it is to be possible to
select/deselect the bridge area in use (i.e. select between fore and aft bridge).

17.9.3 The officer of the watch must be able to select individually any of the navigation officers or the captain as the assigned
back-up officer who will receive the second stage remote audible alarm. The following locations are to always receive the third
stage remote audible alarm:

e Captain's cabin and office

¢ Officers' office

¢ Officers' mess

e Officers' day room

¢ Cargo control room (if provided)
e Gymnasium (if provided)

e Sky lobby (if provided)

e Other public rooms and areas (if provided).
17.9.4 The BNWAS second and third stage remote audible alarms are not to be acknowledged by the motion detection system.

17.9.5 The BNWAS second and third stage remote audible alarms are to be inter-connected with the alert transfer system without
influencing on the alarm handling of the BAMS.

17.10 Bridge alert management system (BAMS)

17.10.1 An Bridge alert management system (BAMS) enabling all alarms generated by individual navigational equipment and
other equipment generating alarms in wheelhouse is to be centralised in one common BAMS display. This panel is to be located
at the required workstations enabling easy identification of the source and cause of the alarms and rapid acknowledgement of
category B alarms and cancellation of audible category A alarm signals is to be provided.

17.10.2 The BAMS is to offer the possibility to display Category A alerts from the same task station as aggregated alerts.

17.10.3 Category B Alerts, which are not required by IMO performance standards or this Section and Category C alerts, may be
aggregated to provide one alert at the BAMS.

17.10.4 The BAMS is to present the alert messages in English language using standard maritime terminology where such exists.

Proprietary messages are to be clear text allowing for prompt comprehension of the message and pertinent actions to be taken.
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17.10.5 The audible level of alarms and warnings are to be 75 dB(A).
The minimum equipment to be integrated by the BAMS is to include:
¢ track control system (if relevant)

¢ heading control system

* heading information systems

e Radars
e ECDISs
e EPFSs

¢ speed logs
e Echo sounder

¢ BNWAS
e AIS
e GMDSS.

Additional equipment may comprise:

e Automation alarm panel

* Steering gear alarm panel

¢ Navigation light alarm panel

e VDR alarm panel, etc.

e Other sources giving alarms and warnings in wheelhouse.

17.10.6 The number of alerts is to be kept as low as possible by providing indications for information of lower importance not
requiring any action.

17.11 Conning display system

17.11.1 Conning displays are to be provided giving the operator information about the operational status of the ship. Conning
information as part of dynamic positioning displays can be accepted at workstations for offshore operations provided that the
conning information is available continuously and easily readable.

17.11.2 From the positions where navigation and manoeuvring are carried out, information required for the efficient monitoring
of the status of the operation and safe performance of bridge functions, are to be easily and continuously visible. Information not
related to safe operation is to be avoided.

The conning display is to show, as a minimum:

¢ Steering mode (manual, autopilot, dynamic positioning, joystick, transit/ docking mode, as applicable.)
¢ Heading and speed

¢ Rudder and helm angle

e Water depth

e Essential information from the power management system or equivalent information

¢ Thruster status indications

¢ Individual thruster indications or alternatively individual thruster pitch and RPM (as provided)
¢ Propulsion status indication

e Propeller revolutions

e Pitch indication, when relevant

¢ Winch load (and available force), wire length and wire speed, when relevant

¢ Wind indication.

If the ship is equipped with track control system, see IMO performance standard for additional information.

17.11.3 The conning information display is to utilize graphical display techniques and locate relevant sensor input data
appropriately around and on a symbol illustrating own ship.

17.11.4 The orientation of the conning display graphic is to be the same as the ship's orientation as seen from the operator
position.

17.11.5 Parts of the display area might be dedicated to user interface for the BAMS.

17.11.6 Independent indicators for rudder, propulsion and thrusters may be omitted when the required information is provided
in mutually redundant conning displays at the required workstations. Rudder, pitch and RPM indicators are to be type approved.
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17.12 Internal telephone system

17.12.1 An automatic internal telephone system is to be provided

a) Anautomatic internal telephone system is to be installed and is to provide two-way voice communication between the bridge
and:

e All officers' cabins

¢ All deck hand cabins

¢ All public rooms

¢ All normal working spaces and

¢ All emergency working positions.
b) The internal telephone network is to capable of handling more than four simultaneous calls.
c) The bridge must be fitted with at least two independent telephone extensions.

d) The telephone extensions in the bridge and engine control room is to be provided with priority functions over any other
extension.

e) Incoming calls on adjacent telephones are to be distinguishable by lights and/or different ring tones.

f) The internal telephone system is to be supplied by both main and emergency sources of power.

17.13 External communications
17.13.1 At least two fixed independent VHF systems capable of simultaneous use are to be fitted at the relevant workstations.

17.13.2 At least two fixed independent UHF systems capable of simultaneous use are to be fitted at the relevant workstations.

17.14 CCTV systems

17.14.1 CCTV system is to provide the operator with true color pictures of relevant areas for compensating lack of direct visual
viewing.

17.14.2 The monitor size is to be adequate for easy viewing from the operator's position.

17.14.3 CCTV cameras mounted on open deck and exposed to sea water mist are to be fitted with fresh water lens wash and
wipers for cleaning.

17.14.4 CCTV system used for compensating lack of direct visual viewing are to be connected to the main and emergency power
system

17.15 Weather information system
17.15.1 An anemometer providing wind speed and direction is to be fitted.

17.15.2 Ships engaged in worldwide trade are to be equipped with a shipboard weather station providing information about air
temperature, air humidity and barometric pressure.

17.15.3 Ships are to be equipped with a weather information system

Note 1: A marine computer including a software application for receipt and displaying of regular weather forecasts, or a weather fax may be
acceptable.

Ships not engaged in worldwide trade may, if found unreasonable, be exempted from this requirement provided an alternative suitable system
or method for receiving relevant weather information is provided.

17.16 Search lights

17.16.1 At least two remotely controlled searchlights are to be fitted capable of illuminating any area 360° around the ship with
vertical adjustment sufficient to illuminate the sea close to the ship's side and up to 35° above the horizon.

18 Electrical power supply

18.1 Main electrical power supply
18.1.1 The power supply requirements in this Section are additional to those given in Part C, Chapter 2.

18.1.2 The power supplies to the distribution panels are to be arranged with automatic changeover facilities between main and
emergency power sources. Failure of one of the power supplies to the distribution panels is to initiate an audible and visual alarm.
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18.2 Stand-by power supply

18.2.1 The equipment listed below must be fitted with an Uninterruptible Power Supply (UPS) with a capacity to keep the
equipment running during a black-out period of at least 10 minutes.

¢ One radar (including the antenna) at workstations for navigating and manoeuvring
¢ Position-fixing system
e ECDIS at workstations for navigating and manoeuvring.

18.2.2 At least one gyro compass is to be provided with a UPS with a capacity to keep it running for 30 minutes.
18.2.3 The UPS used to supply bridge equipment is to be provided with automatic bypass functionality.
18.2.4 Appropriate means for bypassing the UPS manually, in case of failure in the automatic bypass, is to be provided.

18.2.5 Failure of the UPS is to initiate an audible and visual alarm.

19 Human - machine interface

19.1 General

19.1.1 Equipment and indicators are to be designed with due regard to the human operator. Controls and indicators are to be
so constructed that they can be efficiently operated by suitably qualified personnel.

19.1.2 During all operations, it is to be possible to observe the ship's status, the state of systems in use and other essential data.

19.1.3 Operation of controls and equipment are to either give the user feedback of the action through the control itself or through
an indicator/ display adjacent to or in the natural vicinity of where the operation takes place.

20 Ergonomics of controls

20.1 Control devices

20.1.1 The number of operational controls, their design and manner of function, location, arrangement and size are to provide
for simple, quick and effective operation.

20.1.2 Controls is to be arranged in functional groups.

20.1.3 Revolving controls for changing values up or down are to be designed so that clockwise turn increase value and vice
versa. If push buttons are used, the push button at right are to increase value and vice versa.

20.1.4 For main control devices regulating the ship's heading during normal navigation in transit mode, a clockwise or starboard
movement is to turn the ship's bow towards starboard and vice versa. For thrusters being used during manoeuvring, the control
device movement is to correspond to the resulting thrust force.

20.2 Operation of controls

20.2.1 All operational controls are to permit normal adjustments to be easily performed and are to be arranged in a manner
which minimises the possibility of inadvertent operation. Controls not required for normal operation are not to be readily
accessible.

20.2.2 In all operations, it is to be a clearly marked or consistent simple action to recover from a mistaken choice or to leave an
unwanted state. It is to be possible for the user to start, interrupt, resume and end an operation. Incomplete or interrupted manual
inputs is not to inhibit the operation of the equipment.

20.3 Identification of controls

20.3.1 All operational controls and indicators are to be easy to identify and to read from the position at which the equipment is
normally operated. The controls and indicators is to be identified in English and marine terminology is to be used.

21 Presentation of information

21.1 General
21.1.1 Displays and indicators is to present the simplest information consistent with their function.
21.1.2 During all operations, the system's state is to be observable with essential data displayed.

21.1.3 All information required by the user to perform an operation is to be available on the current display.
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1
21.1.4 ltis to be possible at any step of a screen supported operation to return to the original display status prior to initiation of
operations by single operator action.

21.1.5 Feedback timing is to be consistent with the task requirements. There is to be clear feedback from any action within a
short time. Where a perceptible delay in response occurs, visible indication is to be given.

21.2 Menus

21.2.1 Frequently used operations are to be available in the upper menu level, on dedicated software or hardware buttons.

21.2.2 Main display is to be available with a single operator action.

21.3 Text/symbols
21.3.1 Displayed text is to be clearly legible to the user and easy to understand.
21.3.2 The equipment is to employ marine terminology.

21.3.3 Where additional on-line help is available it is to be in task dependent form, easy to search and list the steps to be carried
out.

21.4 lllumination

21.4.1 All information is to be presented on a background of high contrast, emitting as little light as possible at night, so that it
does not degrade the night vision of the officer on watch.

21.4.2 Each instrument is to be fitted with an individual light adjustment. In addition, groups of instruments normally in use
simultaneously may be equipped with common light adjustment.

21.4.3 Warning and alarm indicators are to be designed to show no light in normal position that is indication of a safe situation.
Means are to be provided to test the lamps.

21.4.4 Colour coding of functions and signals is to be in accordance with international standards.
Note 1: As a guidance ISO 2412:1982 “Shipbuilding: Colours of indicator lights” may be used.

21.4.5 Means for adjusting the display and operating panel brightness are to be provided. Operator panels and other functional
controls is to be illuminated to ensure ease of operation in the dark. Night vision is to be secured by considering the following:

¢ Warning and alarm indicators are not to be show light in normal position (indication of a safe situation). All instruments are
to be fitted with permanent internal or external light source to ensure that all necessary information is visible at all times

¢ Means are to be provided to avoid light and colour changes upon, e.g. start-up and mode changes, which may affect night
vision

¢ All information is to be presented on a background of high contrast, emitting as little light as possible by night.

22 Readability of information

22.1 General

22.1.1 Instruments or displays providing visual information to more than one person are to be located for easy viewing by all
users concurrently. If this is not possible, the instruments or displays are to be duplicated.

22.2 Location

22.2.1 The information presented is to be clearly visible to the user and permit easy and accurate reading

22.2.2 Instruments meant to be operated or fitted in connection with controls is to be readable from a distance of at least 1 000
mm. All other instruments are to be readable from a distance of at least 2 000 mm.

22.2.3 Each instrument is to be placed with its face normal to the navigator's line of sight, or to the mean value if the navigator's
line of sight varies through an angle.

23 On board testing of bridge equipment

23.1 General

23.1.1 After installation of equipment in ships, on-board testing of the equipment is to be performed.

23.1.2 Navigational equipment intended to be fitted on board are to be type approved.

Rules for the Classification of Steel Ships - NR467 July 2026
Pt F, Ch 4, Sec 3
175



Pt F, Ch 4, Sec 3

23.2 Test program
23.2.1 A detailed program for the on board testing of this equipment is to submitted for approval.

23.2.2 Tests to be performed for each type of equipment are to be detailed and are to include the tests defined in this Section.

23.3 General requirements for the testing of all types of bridge equipment

23.3.1 Testprocedure is to be in line with the specification and instructions given by the Manufacturer of the relevant equipment.
23.3.2 All equipment necessary to carry out the test are to be made available

23.3.3 Failure modes are to be tested on equipment and systems.

23.3.4 Power supply alarms, UPS capacity/ battery discharge test and bypass functionality are to be tested.

23.3.5 Starting the individual systems and changeover from normal conditions to failure conditions are to be tested

23.3.6 Failure conditions of computer system(s), especially power failure, are to be tested or simulated. Manual re-starts and, if
relevant, automatic re-start and automatic back-up are to be tested.

23.3.7 If computer system(s) is used to carry out primary and secondary functions, the testing of this system is to be carried out
with maximum load from both primary and secondary functions.

23.3.8 Additional tests may be required, at the discretion of the society.

23.4 Requirements for individual equipment testing

23.4.1 Heading measuring and information system

The settle point error of the master compass(es) and the alignment with the ship's centre line are to be measured. Bearing of the
quay at which the ship is berthed may be used as a reference

The bearing repeaters' alignment with the ship's centre line are to be checked. A bearing dioptre must be available.

The divergence between No. 1 master compass and the gyro repeaters is to be checked. After switching to No. 2 master compass,
the divergence with the gyro repeaters is to be checked again.

The monitoring functions of the compass system are to be tested.
The means for correcting errors caused by speed and latitude are to be tested.

Verification of the Magnetic compass' error in contrast with the Gyro Compass bearing reference is to be carried out at port and
at sea trials.

23.4.2 Steering system

Following functions are to be tested:

¢ take command functionality at different workstations

¢ steering mode selector(s) in all modes at all workstations
¢ manual steering devices

e joystick (if installed).

23.4.3 Automatic steering system

¢ The heading-keeping/ track keeping performance of the heading / Track control system is to be tested at full sea speed.
Adaptive heading / Track control system is to tested at reduced speed.

* The performance of the heading / Track control is to be checked for a change in heading of 10° and 60° to both sides. The
overshoot angle is to be determined.

¢ The off heading alarm/ off track alarm is to be tested.

e The rate-of-turn or radius function (if provided) is to be tested.

¢ Change of operational steering mode is to be tested.

¢ The override function is to be tested in all steering modes.

e The low speed track control system is to be tested at speed for seismic operations (typically 2 to 5 knots).

23.4.4 Rudder indicator(s)
The rudder indicator(s) on the bridge is to be tested against the indicator on the rudderstock.

23.4.5 Speed log
The speed log is to be tested for accuracy and, if necessary, calibrated.
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23.4.6 Echo sounder
¢ Functions of the echo sounder are to be tested. Depth is to be measured at a fixed position for exact comparison of accuracy
and at full speed ahead on all range scales available.

¢ The depth warning or alarm is to be tested.

23.4.7 Radar system

¢ Chartradar functionality of the radar is to tested, in particular reference position, orientation and scale. Official ENC data are
to be loaded before testing.

¢ The accuracy of bearing of the radars is to be tested by the reading of at least 4 fixed positions on the display at a known
position of the ship.

e The accuracy of range measurement is to be tested by measuring the distance to at least 2 fixed positions at each range while
the ship is in a known position.

¢ The heading marker is to be checked against a visible target dead ahead and adjusted if necessary.

¢ Inter-switching facilities, including bypass function, are to be tested.

e Target automatic acquisition is to be checked.

¢ Performance monitors are to be checked.

¢ Indication on the display of the bearing and distance to the object, as well as the heading of own ship, are to be tested.

¢ Tests are to be carried out to verify that the system gives warning when the limits of CPA and TCPA are exceeded and that a
warning is given when the object enters the guard ring.

¢ Input from speed sensors is to be checked.

23.4.8 Sound reception system

The sound reception system is to be tested by measuring and comparing the sound level outside and inside the wheelhouse. The
directional indication (if provided) is to be tested.

23.4.9 Electronic position-fixing systems

¢ Functions of all electronic position-fixing fitted system are to be tested
¢ The accuracy of the electronic position-fixing system is to be checked.
¢ Interference from other transmitting is to be tested.

23.4.10 Automatic Identification System (AIS)
¢ Interconnections and good working of the different elements is to be tested.
¢ Information related to the ship (Ship Name, Call sign, MMSI number etc.) are to be verified.

23.4.11 Electronic Chart Display and Information System (ECDIS)

¢ The accuracy, functionality, automatic functions and the alarm or warning functions of the ECDIS are to be tested.
¢ Official ENC data to be loaded before testing.

¢ Route planning, route monitoring, including alarms, are to be tested.

¢ The ECDIS back-up system is to be tested for proper interconnection with the primary ECDIS.

23.4.12 Conning display
The performance of conning displays function is to be tested.

23.4.13 Propulsion system
Proper functioning of the propulsion system is to be tested.

23.4.14 Communication systems

¢ The communication systems are to be tested for proper function, including the automatic telephone system, internal
communication system between workstations, VHF, UHF.

¢ The priority function for the telephones in the wheelhouse and engine control room over the other extensions is to be verified.

23.4.15 BAMS
¢ The alarm announcement function of the central alarm system is to be tested for verifying correct alarm syntax, audibility
level and acknowledgement function.

e Connection to the central alarm of all equipment providing alarms is to be tested.

e It is to be tested that the alert transfer of un-acknowledged Category A alerts from the BAMS are transferred to the BNWAS
for initiation of the BNWAS 2nd and 3rd stage alarms.

23.4.16 BNWAS
¢ The functionality and time settings of the BNWAS are to be checked.
¢ Transfer of second and third stage BNWAS alarms to the accommodation and the motion sensor(s) is to be tested.
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23.4.17 CCTV system

e The CCTV system (if provided) is to be tested for verifying appropriate reproduction on the indoor monitor, including colour
correctness, brightness, dimming facilities.

¢ Means for cleaning the camera lens are to be tested for cameras located in areas exposed to salt-mist.

23.4.18 Window clear view devices
The means for maintaining clear view through bridge windows are to be tested.
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Section 4 Ship-Shore Communication

1 General

1.1 Application

1.1.1 The requirements of this Section apply to ships equipped with communication systems which can ensure asynchronous
or synchronous transfer of data between the ship and the shore:

¢ An asynchronous communication is defined as a communication designed to transmit and receive time-insensitive data for
applications where the timing of the data creation and consumption may be different, i.e. receiver sends a response, and the
sender sends the next data without waiting for the response.

Note 1: Use cases include, for example, transmission of the loT (Internet of Things) data, bathymetry mapping data, provision of access for crew
and passenger welfare, operational exchanges by email, voice and video, etc.

* A synchronous communication is defined as a communication designed to transmit and receive time-sensitive data for
applications where the time period between the data creation and consumption is limited by a latency threshold, i.e. the
round trip time between the receiver and the sender is to be within the latency threshold.

Note 2: Use cases include, for example, teleoperation of inland vessels with a full remote control over individual thrusters via 4G/5G/LTE
networks with latency below 150 ms, control of marine Unmanned Surface Vessels (USV) with a trajectory sent to the USV from Remote
Operations Centre (ROC) via satellite communication with a 600 ms latency, etc.

1.1.2 In accordance with Pt A, Ch 1, Sec 2, [6.5], ships complying with the requirements of this Section may be assigned the

following additional class notations:

¢ ASYNC-COM when the ship is equipped with asynchronous communication systems

* SYNC-COM when the ship is equipped with synchronous communication systems.

The additional class notations ASYNC-COM and SYNC-COM are complemented by the suffix -R when the ship is equipped with
redundant communication systems.

1.1.3 The requirements for the assignment of the notation ASYNC-COM are given in Articles [2] and [3].
1.1.4 The requirements for the assignment of the notation SYNC-COM are given in Articles [2] and [4].

1.1.5 The additional requirements for the assignment of the notations ASYNC-COM-R and SYNC-COM-R are given in Article [5].

1.2 Scope

1.2.1 The scope of the notations ASYNC-COM, ASYNC-COM-R, SYNC-COM and SYNC-COM-R is limited to the functioning
of the ship-shore communication systems in the geographic area covered by communication network(s) with which the onboard
communication device(s) can exchange data. The geographic area is to be specified by the applicant as per [1.4]. For
communication devices dependant on ad hoc networks, the maximum operating range of a node of the ad hoc network is to be
specified.

1.2.2 The scope of the notations ASYNC-COM and ASYNC-COM-R includes operational data traffic, other than distress, urgency
and safety messages, conducted by radio communication.

1.2.3 The scope of the notations ASYNC-COM and ASYNC-COM-R excludes:

¢ remote control over the computer based systems of categories Il and Ill as defined in Pt C, Ch 3, Sec 3

¢ remote control over the autonomous ships and Unmanned Surface Vessels (USV) as defined in N1641 and NR681 respectively

e reception and transmission of distress, urgency and safety messages covered by the IMO SOLAS Chapter IV and by national
regulations

¢ the shipborne communication equipment listed in IMO SOLAS Chapter IV
e communication using other ships for relay.
Note 1: NI641 refers to the Guidelines for autonomous shipping, NR681 refers to the Rule Note for Unmanned Surface Vessels (USV)

1.2.4 The requirements for notations ASYNC-COM and ASYNC-COM-R do not address the cyber security, for which reference
is made to NR659 Rules on Cyber Security for the Classification of Marine Units.
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1.2.5 The scope of the notations SYNC-COM and SYNC-COM-R includes:
e operational data traffic, other than distress, urgency and safety messages, conducted by radio communication
¢ the remote control over the computer based systems of categories Il and Il as defined in Pt C, Ch 3, Sec 3

¢ the remote control over the autonomous ships and unmanned surface vessels (USV) as defined in N1641 and NR681 respectively.

1.2.6 The scope of the notations SYNC-COM and SYNC-COM-R excludes:
e communication using other ships for relay

¢ reception and transmission of distress, urgency and safety messages covered by the IMO SOLAS Chapter IV and by national
regulations

¢ the shipborne communication equipment listed in IMO SOLAS Chapter IV.
1.2.7 The requirements for notations SYNC-COM and SYNC-COM-R address the cyber security in [4.4].
1.2.8 Tab 1 summarises the scope of the notations ASYNC-COM, ASYNC-COM-R, SYNC-COM and SYNC-COM-R.

Table 1 : Scope of the notations

ltemns ASYNC-COM, SYNC-COM,
ASYNC-COM-R | SYNC-COM-R
Operatlopal ~data traffic, other than distress, urgency and safety messages, conducted by radio Includes Includes
communication
Remote control over the computer based systems of categories Il and Ill as defined in Pt C, Ch 3,
Excludes Includes
Sec 3
Remote control over the autonomous ships and Unmanned Surface Vessels (USV) as defined in Excludes Includes
N1641 and NR681 respectively
Shipborne communication equipment listed in IMO SOLAS Chapter IV Excludes Excludes
Reception and transmission of dlstr.ess, urgency and safety messages covered by the IMO SOLAS Excludes Excludes
Chapter IV and by national regulations
Use of other ships for relay Excludes Excludes
Cyber security Excludes Includes

1.3 Definitions

1.3.1 The following general definitions are used in the present Section:

¢ Ad hoc network: Terrestrial radio communication network which can be temporarily deployed in a limited geographic area
for an exclusive use by a group of ships.

¢ Communication management software: Software, used for communication, that consists of a data management agent and a
data transport agent, e.g. Software Defined Wide-Area Networking (SD-WAN) solution.

e Communication device: Radio receiving or transmitting device, e.g. 5G antenna with the associated modem.
¢ Connected system: Onboard system which depends on the ship-shore communication in order to perform its function.

¢ Connectivity coverage chart: Graphical representation of the geospatial data showing the boundaries of the electromagnetic
signal coverage which enables the connectivity for the ship-shore communication system and which shows the Quality of
Service parameters.

¢ Data management agent: Software for the control and transport of data between data transport agents.

¢ Data transport agent: Software installed on both ship and shore collecting and sending data to the data management agent,
or receiving data from the data management agent.

e Essential ship functions: Functions essential for propulsion, steering and safety of the ship.

e External communication provider: Provider of information transmission services between communication devices and
terrestrial networks.

¢ Fail-safe sequence: Sequence of automatic and/or manual actions which brings the ship-shore communication system, the
connected system and the ship to a predefined managed risk state, which may be outside the operational envelope, following
a failure or a degradation of performance of the ship-shore communication system.
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¢ Forward Error Correction (FEC): Technique to reduce the errors in the packet transmission by adding redundant data for the
purpose of error detection and correction.

¢ Function: Defined objective or characteristic action of a system or component (see ISO/IEC/IEEE 24765:2017 Systems and
software engineering - Vocabulary).

¢ Guaranteed Bit Rate subscription:Subscription for using an information transmission path for which the capacity, latency and
bit error rate are guaranteed by the external communication provider.

¢ Hardware: Physical elements of a device, system or equipment which support the computation and/or data access for the
software.

¢ Latency: Round trip time of a data frame between two nodes which may include the hosts of the data transport agents on
board and on shore.

¢ Latency threshold:Threshold of latency beyond which a loss or degradation of the function of the connected system dependant
on the ship-shore communication may occur.

¢ Redundant system: System capable to maintain its function following a single failure, this can be achieved by the installation
of multiple redundant components or by the use of alternative means to perform the function.

¢ Redundant group: Group of equipment which can perform its function for the redundant system independently from other
redundant groups.

¢ Remote Operations Centre (ROC): Location remote from the ship that can operate some or all aspects of the functions of the
ship. The remote operation is performed via the ship-shore communication system. ROC is equivalent to Remote Control
Centre (RCC) defined in N1641.

¢ Round Trip Time (RTT): Time measured from the transmission of a message at the sender until the sender receives a response
from the receiver, excluding any time for processing in the receiver.

¢ Sequence numbering: Protection technique for safety critical message stream which includes adding a data field with a
sequence number. The sequence number is to change in a predefined way from message to message permitting to check the
correctness and completeness according to the message order. Sequence number is a protection against repetition, deletion,
insertion and re-sequencing.

¢ Ship-shore communication system: Computer-based system designed to provide a data communication between the on-
shore and shipboard servers (ship to shore and shore to ship). The system includes at least one communication device, a
communication management software and a gateway to the ship’s network. An example of the layout is given in Fig 1.

¢ Software: Computer code stored and executed in the computer hardware and the associated data.

e Time-out: Protection technique for safety critical message stream which includes checking if the delay between two
consecutive messages received by a receiver exceeds a predefined maximum time.

¢ Traffic quota: Amount of data which can be transferred over a specified period of time.
¢ Quality of Service (QoS) parameters:

Scalars used as a reference to a specific packet forwarding behaviour in a data flow of a cellular network’s communication
service subscription, e.g. packet loss rate, latency.

Figure 1 : Ship-shore communication system
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1.4 Documentation to be submitted

1.4.1 The general documentation to be submitted for notations ASYNC-COM, ASYNC-COM-R, SYNC-COM, or SYNC-COM-R

is listed in Tab 2.

1.4.2 In addition to the documentation listed in Tab 2, the documentation listed in Tab 3 is to be submitted for the notation SYNC-

COM.

1.4.3 In addition to the documents listed in Tab 2, and Tab 3 as applicable, the documentation listed in Tab 4 is to be submitted
when notation ASYNC-COM or SYNC-COM is supplemented by the suffix -R.

Table 2 : General documentation to be submitted for notations for notations
ASYNC-COM, ASYNC-COM-R, SYNC-COM, or SYNC-COM-R

No. | A/l (1) Documentation Particulars
1 | User manual, installation manual, functional Including the communication devices
description, and maintenance manual of ship-shore
communication system on board
2 | List of onboard communication devices as a part of
ship-shore communication system
3 | Type Approval Certificates or Test Certificates for As per [2.3.1]
other recognized standards accepted by the Society
4 A | Diagram presenting the integration between the ship- | ® The diagram can be a network topology with
shore communication system and the ship’s network communication devices, communication management
software, gateways
¢ The elements in the perimeter of the ship-shore
communication system are to be clearly marked
5 /A | Documentation for the computer based systems used | ® As required in Pt C, Ch 3, Sec 3
within the ship-shore communication system e For information or approval as per Pt C, Ch 3, Sec 3, [1.6]
6 | List and description of data to be transmitted via the | With data priority level to be specified as per [2.1.2]
ship-shore connection
7 | Management policy for bandwidth utilisation, data
priority and traffic optimisation
8 A | Onboard functional test programme Including the data sets for a test transmission
9 | Templates of the transmission logs and the procedure
for accessing the logs
10 | Recovery procedure for the onboard components of
the ship-shore communication system that can be
executed without a remote intervention via a
communication device
11 | Network bandwidth calculation Specifying the overall maximum capacity of the
communication system and the capacity allocated to the
connected system
12 I Network traffic load analysis for the minimum
throughput required for the connected system and
other onboard traffic consumers, if any
13 | Subscription details for the external communication | Specifying the throughput and quality-of-service parameters
service per communication device for the service availability
14 | Antenna arrangement plan Specifying the transmission frequencies
15 | Diagrams for power supply and sensor inputs, if
applicable, for the onboard ship-shore
communication system
16 | Description of the geographic coverage by each For ad hoc networks, the maximum operating range of a
communication device and by each external network node is to be specified
communication provider
(1) A:To be submitted for approval; | : To be submitted for information
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Table 3 : Additional documentation to be submitted for the notation SYNC-COM

No. | A/ (1) Documentation Particulars
1 | Response procedures for the connected systems in Failing to meet the minimum requirements of the connected
the event of: system means, e.g. exceeding the latency threshold defined
e loss of the ship-shore communication in [4.1.2]
¢ failing to meet the minimum requirements of the
connected system
2 | Minimum inbound and outbound data traffic and
latency requirements of the connected system
3 | List of antennas Specifying their type: directional and non-directional,
motion-compensated, electronically steered, stationary
4 | Description of the traffic balancing prioritisation
5 | Functional specification of ship-shore e As per [4.1.3]
communication modes ¢ with a correspondence to the degrees of remote control
RCO0-3 according to N1641, Sec 1, [1.9.4] and latency
threshold selected by the Applicant as per [4.1]
6 A | Risk and Technology Assessment * For control over Cat. Il and Ill systems as defined in Pt C,
Ch 3, Sec 3
e As per [4.6] and according to N1641, Sec 2
I Sea trials programme for validating the modes As per [4.1.3] and [4.7.7]
8 | Description of the onboard emergency stop for the Including the topology diagram with the identification of the
ship-shore communication system elements interfaced by the emergency stop panel as per
[4.4.5] and [4.4.6], if applicable
(1) A:To be submitted for approval; I : To be submitted for information

Table 4 : Additional documentation to be submitted for the notations ASYNC-COM-R and SYNC-COM-R

No. | A/l (1) Documentation Particulars
1 A Failure Mode and Effect Analysis (FMEA) of the ship-
shore communication system
2 A | FMEA test programme for the ship-shore
communication system
3 A | Topology diagram With a colour coding for redundant groups
A Reliability block diagram With a colour coding for redundant groups
5 | Description of the redundant geographic coverage With a small scale chart presentation of the area, which is
the overlap of the coverages provided for each
communication device, as applicable
(1) A:To be submitted for approval; | : To be submitted for information

2 General requirements

2.1

General

2.1.1 A communication management software is to be implemented on board and is to be appropriately configured to handle
the ship network’s throughput on all dedicated communication devices. A communication management software is to be
provided with means to:

e manage priority level for data transfer

¢ manage traffic quota based on amount of data transferred by an application, application category or user group

¢ provide information on communication system status, including the connectivity, communication device availability,
estimated transfer rate.

2.1.2 Appropriate priority levels are to be set up for the data transferred, so that essential ship functions are not altered, and that
sufficient bandwidth remains available for the critical ship usage.

2.1.3 Data transport agent is to apply a bandwidth management policy which corresponds to each communication device in
use subject to its operational limits. The identifier and transmission status of the used communication device are to be fed into
the data transport agent as inputs. The traffic prioritisation is to be provided either at the network layer in the communication

stack of the data transport agent or at the application layer.
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2.1.4 In no case, the operation or a single failure of the ship-shore communication system are to result in:
a) disruption of services providing the essential ship functions on board

b) compromised reception and transmission of distress, urgency and safety messages covered by the IMO SOLAS Chapter IV
and by national regulations.

Note 1: A risk assessment report may be submitted to the Society upon request .

2.2 Software

2.2.1 The communication devices are to be provided on board with the means of a software recovery without the need for a
remote intervention requiring such communication devices.

2.2.2 Communication management software is to log the transmissions with a timestamp and store the following meta data:
e communication device in use

e compression percentage

e priority tag for the data packets

¢ estimated bandwidth availability at the time of transmission

* transmission attempt count

¢ latency measured between the onboard data transport agent and the first shore node

e transmission protocol (e.g. Server Message Block (SMB), File Transfer Protocol (FTP), Message Queuing Telemetry Transport
(MQTT) asynchronous message service)

¢ |P address of the node initiating transmission

* message queuing information, if applicable.
2.2.3 The ship-shore communication system is to include the means for viewing the log entries described in [2.2.2].

2.2.4 The communication management software is to provide a separate log of the outages per communication device with a
duration.

2.3 Components

2.3.1 Components for the ship-shore communication system are to be of a type approved and tested according to Pt C, Ch 3,
Sec 6. Test certificates for conformity to other recognized standards accepted by the Society including, but not limited to,

IEC 60945:2002 may be considered. Tab 5 lists the notations for which the components as indicated in Pt C, Ch 2, Sec 15, [2],
are to be chosen from the list of type approved products:

2.3.2 Case by case approval may also be granted at the discretion of the Society, based on the submission of adequate
documentation and subject to the satisfactory outcome of any required tests.

2.3.3 Components for ship-shore communication systems are to be tested and installed according to the environmental
categories (EC code) as defined in Pt C, Ch 2, Sec 1, [3.10].

2.3.4 The design, construction, commissioning and maintenance of computer based systems where they depend on software for
the proper achievement of the ship-shore connectivity are to be in accordance with Pt C, Ch 3, Sec 3 requirements and are to

comply at least with the requirements for Category | systems for hardware and software.

Table 5 : Applicability of the requirement to provide the type approved components to each notation

) Type approved components are required
Notation
Hardware Software

ASYNC-COM Yes No

ASYNC-COM-R Yes No
SYNC-COM Yes No

SYNC-COM-R Yes No
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2.4 Onboard testing
2.4.1 The initial installation survey is to include functional tests in accordance with the onboard functional test programme.

2.4.2 As far as practicable, functional tests are to be performed in the expected condition of ship’s operation:
¢ functional test of a connected system involving the corresponding data transfers with the shore
¢ all intended data producers connected

¢ if the same communication device is used for other types of communication, such a parallel usage is to be maintained without
intentional disruptions throughout the test.

2.4.3 A test dataset is to be provided to check the communication management software independently from the connected
system. The dataset is to include the files with the size, compression and encryption representing the range of the permitted data
types and the maximum throughput for which the communication management software is designed. The dataset can be provided
by the manufacturer of the communication software or by the integrator of the overall ship-shore communication system including
the communication devices.

2.4.4 Atest dataset is to be provided to check the ship-shore communication system in transmissions for the connected system.
The dataset is to include the files of the size, compression and encryption representing the range of the data types generated by
the connected system and the maximum throughput required by the connected system. The communication test data is to be
provided by manufacturer of the connected system.

2.4.5 During the onboard test witnessed by a Surveyor, the system is to be operated to demonstrate the transfer capability on
each communication device including:

¢ two-way transmission of the test datasets described in [2.4.3] and [2.4.4] between the ship and the shore

¢ generation of a transmission log.

2.4.6 During the onboard test, the transmission log is to be shown to the Surveyor in order to confirm that the test data is transferred
in an order established by the priority.

3 Additional requirements for notation ASYNC-COM

3.1 General

3.1.1 The ship is to be equipped with a ship-shore asynchronous communication system providing regular data transfers
sufficient to support the operation of a specific connected system.

3.1.2 If a shore database is used by the communication management software to store the data produced by the vessel, a status
of the storage is to be regularly transmitted to the vessel and at least monthly. The status message is to include the time span of
the stored data, which meets the requirements to the data quality and integrity identified for the connected system.

3.1.3 In case of a shore database failure which prevents data exchange with the vessel for a period, duration of which can
compromise the data quality and integrity identified for the connected system, or in the event of a loss of the previously replicated
data, the communication management software is to provide a notification to an operator on board the vessel or to the ROC
operator.

3.2 Onboard testing

3.2.1 The initial installation survey is to include a verification of the transmission schedule in the communication management
software.

4 Additional requirements for notation SYNC-COM

4.1 General

4.1.1 The ship is to be equipped with a ship-shore synchronous communication system providing data transfers with a latency
below the latency threshold to support the operation of a specific connected system.

4.1.2 Latency threshold is to be defined by the Applicant for the synchronous communication as follows:
¢ For RC3 (Full remote control) degree of remote control as per N1641, the threshold is not to exceed 150 ms

¢ For RC1 (Available remote control) and RC2 (Discontinuous remote control) degrees of remote control as per N1641, the
threshold is not to exceed 650 ms

¢ For RCO (if the ship-shore communication system is not used for remote control as per N1641), the threshold is not to exceed
1000 ms.
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For the threshold value selection, the latency is to be understood as the RTT measured between the onboard transport agent and
the shore transport agent (see Fig 2 and Fig 3) and provided for the percentage of the communication system’s uptime defined
by the Applicant. The requirements for the latency are summarised in Tab 6.

Figure 2 : Latency composed of two components during the ship-shore transmission,

Connected Hos@ on board Hqst on shore Remqte
system with data with the data Operations
transport agent transport agent Centre’s server

Data packet sent

to the ROC
Outbound latency

component

Data packet sent
to the ship

Inbound latency

component

Data packet to

the ship recieved| [ms] ¥ v il il

Figure 3 : Example of measuring the latency with the ping handshake
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Remote
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Connected
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Outbound latency
component

Echo reply

Inbound latency
component

Echo reply
received
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Table 6 : Latency threshold

Degree of remote control for the connected system Maximum latency Examples
RC3 (Full remote control) Manoeuvres in port and berthing with the
150 ms ROC operator continuously providing

input

RC1 (Available remote control) and Automatic transit on a trajectory defined

RC2 (Discontinuous remote control) 650 ms by the ROC operator, while the operator’s
continuous input is not required.

RCO (No remote control) 1000 ms Low latency monitoring solutions

4.1.3 Functional specification of ship-shore communication modes is to be defined including at least the normal, one
intermediate degraded and one loss of communication states as per Tab 7. Fail-safe sequences are to be identified.

Note 1: It is recommended to deploy means of radio spectrum analysis for interference detection, e.g. sensitive omni-direction receiver antenna
with a control and processing unit interfacing the ship-shore communication system. The antenna for spectrum analysis should have a frequency
range adapted to the ship’s radio communication frequency range, e.g. 9kHz to 18GHz, and mounted clear from the ship’s transmitting antennas,
if the ship’s dimensions permit. Early detection of jamming may be used to alert the operators and to automatically redistribute the traffic to the
intact communication channels. The timestamped jamming data may be further submitted to the local spectrum regulation authorities for mitigation.

Note 2: Application layer prioritisation is recommended for the degraded communication modes, e.g. prioritise the traffic related to navigation
and collision avoidance over the video streaming from cameras.
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Table 7 : Example of a table describing the operational modes of the ship-shore communication system

Mode’s limiting parameters of the . S .
) . Applicable operating instructions and
ship-shore communication system
Mode 4 Effect on the connected system emergency response procedures for
and of the measured traffic
personnel
throughput
Normal Sets of parameters from [2.2.2] and | Brief description of the global Reference to the Operator Manual,
[4.2.1] applicable for normal function of the connected system | ROC’s standing orders, Onboard
operation of the ship-shore in nominal operation mode standing orders
communication system
Degraded Sets of parameters from [2.2.2] and | Brief description of the effects Reference to the Operator Manual,
[4.2.1] applicable for degraded caused by the degraded ROC's standing orders, Degraded
operation of the ship-shore communication on the global communication checklist for the crew,
communication system function of the connected system. | Onboard standing orders. Manual fail-
Automatic fail-safe sequences. safe sequences in a form of checklists
Loss of Sets of parameters from [2.2.2] and | Effect due to a complete loss of the | Reference to the Operator Manual,
communication | [4.2.1] representing the loss of the | ship-shore communication. ROC's standing orders, Degraded
communication provided for the Automatic fail-safe sequences. communication checklist for the crew,
connected system Onboard standing orders. Manual fail-
safe sequences in a form of checklists

4.1.4 The ship is to be provided with a digital user interface for automatically plotting the geographical position of the ship in
relation to the connectivity coverage charts supplied as per [4.5.1].

4.1.5 Audio and visual alarms are to be provided at the control panel of the connected system on board in the event of the loss
of communication.

4.1.6 The remote control user interface is to include:

¢ indication of the latency measured between the onboard data transport agent and the shore data transport agent

e alert in the event of exceeding the latency threshold

e alert in the event of loss of communication.

4.2 Software

4.2.1 Communication management software is to log the transmissions with a timestamp and store the following data:

¢ signal strength measured by each communication device in decibel-milliwatts (dBm)

e geographical coordinates and ship’s heading

¢ latency measured between the onboard data transport agent and the shore data transport agent

¢ percentage of the uptime below the latency threshold on a modifiable sliding window which includes time spans of 15, 30
and 60 minutes

¢ inbound and outbound bandwidth distribution between the communication devices managed by the traffic balancing

function

¢ active data traffic route for ship-shore exchange, e.g. static, SD-WAN, VPN

e azimuth and elevation for directed satellite antennas

¢ status of the ship-shore communication, the mode defined in [4.1.3]

e pitch and roll angles.

4.2.2 The ship-shore communication system is to include the means for viewing the log entries described in [4.2.1].

4.2.3 The ship-shore communication system is to use Forward Error Correction (FEC) for ship-shore transmissions.

4.2.4 The ship-shore communication system is to provide the following outputs to the connected system and to the shore data

transport agent:

a) measured latency between the onboard data transport agent and the shore data transport agent

b) present mode defined in [4.1.3].

4.2.5 The communication management software is to provide visual and audible alarms on board and on shore in the event of
a change of the mode defined in [4.1.3].

4.2.6 Where multiple communication devices are used, traffic balancing between the communication devices within the ship-
shore communication system is to be provided. If an active connection fails, a changeover is to route the traffic through the
remaining connections without interrupting the communication.
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4.3 Protection against message errors

4.3.1 Where the ship-shore communication system is used for remote control over Cat. Il or Cat. Ill systems, the data
management agent is to provide detection of message errors for the data traffic involved in the control loop between the
connected system and the ROC including:

a) sequence numbering

b) time-out monitoring.

4.3.2 The defences described in [4.3.1] may be implemented at the application layer of the data traffic between the connected
system and the ROC.

4.3.3 Alternative means to [4.3.1] to ensure message timeliness and sequence may be accepted to the discretion of the Society
as per recognised international standards, e.g. EN 50119:2020 Railway applications - Communication, signalling and processing
systems - Safety related communication in transmission systems.

4.3.4 The software which provides sequence numbering or equivalent means of message sequence monitoring is to have testing
facilities allowing to run functional tests of the protection against repetition, deletion, insertion and re-sequencing.

4.3.5 The detection of message errors described in [4.3.1] is to result in audible and visual alarms at the control panel of the
connected system on board and in the remote control interface. The message errors are to be automatically logged.

4.4 Cyber Security

4.4.1 The ship is to comply with the requirements for assigning one of the notations CYBER RESILIENT or CYBER SECURE as
defined in NR659.

Note 1: For the notation CYBER RESILIENT, the compliance to the standard IEC 61162-460 is accepted to the extent defined in NR659, Ch 3,
Sec 2, [1.3] for the radio communication systems.

4.4.2 The communication management software is to be type approved according to the applicable requirements of NR659,
Chapter 5.

4.4.3 The ship-shore communication system is to use secure connections (e.g. tunnels) with endpoint authentication, protection
of integrity, and authentication and encryption at network or transport layer.

4.4.4 The gateway of the ship-shore communication system is to be provided with a locally posted instruction for manually
disconnecting the gateway from the ship’s network and for reinstating the gateway after the manual disconnection.

4.4.5 Where the ship-shore communication system is used for remote control over Cat. Il or Cat. Il systems, an emergency stop
panel is to be installed on board in proximity to the control panel of the connected system. The manual operation of the
emergency stop panel, e.g. pole switch, is to be able to either:

a) de-energise the gateway, or
b) activate a fail-safe sequence in the connected system which is to switch into a local control mode.
The emergency stop panel is to be protected from inadvertent operation.

4.4.6 Where separate gateways are used for control and for monitoring, the requirements of [4.4.5], item a) may be applicable
only for the gateways used for the control data flow.

4.5 External communication provider

4.5.1 The coverage charts are to be provided on board and on shore in the ROC. A digital interface is to be provided to plot the
quality-of-service data for each communication device on the connectivity coverage charts, including the signal strength, outages,
and the name of the external provider, as measured during the transit in the areas.

Note 1: If cellular networks are used, the SLA should provide at least a single Guaranteed Bit Rate subscription which provides a latency below
the latency threshold. It is recommended to choose the satellite communication provider’s subscription with the equivalent of a Guaranteed Bit
Rate, if available.

Note 2: It is recommended to choose SLA which includes provision and regular updates of the connectivity coverage charts indicating the signal
strength in a format suitable for Electronic Navigation Chart overlay as per IHO S-57 or S-100 standards.

Note 3: The ad hoc networks are recommended for the areas with a high risk of the traffic congestion in the public wireless networks.

46 Risk assessment

4.6.1 Where the ship-shore communication system is used for remote control over Cat. Il or Cat. lll systems, the Risk and
Technology Assessment (RTA) is to be provided as per N1641, Sec 2. The Risk and Technology Assessment may be limited to the
items related to the ship-shore communication.

4.6.2 The Risk and Technology Assessment is to consistently refer to the mode specification and fail-safe sequences described
in Tab 7 as mitigations.
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4.7 Onboard testing

4.7.1 ltis to be demonstrated to the Surveyor that during each functional test listed in [2.4] and [4.7] the latency threshold
described in [4.1.2] has not been exceeded, unless the test includes intentional degradation of the latency or includes intentional
interruption of the ship-shore communication.

4.7.2 For notations SYNC-COM and SYNC-COM-R, the two-way transmission of the test datasets described in [2.4.4] between
the ship and the shore may be replaced by completion of the seatrials as per [4.7.7].

4.7.3 If directional antennas are used, the automatic azimuth seeking is to be tested by a performing a 360° turn.

4.7.4 Motion-compensated antennas are to be tested in the sea conditions. The test results may be presented to the Surveyor in
a form of a sea trial report from the ship-shore communication system’s integrator. The sea trial report is to include the trend and
statistical data for the roll, pitch, latency and signal strength.

4.7.5 Where multiple communication devices are used, traffic balancing is to be validated in separate tests by
a) disabling the communication device with the highest outbound traffic allowance, and

b) disabling the communication devices operating on the same radio frequency band, if more than one radio frequency band
is used.

4.7.6 Where the ship-shore communication system is used for remote control over Cat. Il or Cat. Ill systems, the following tests
are to be witnessed by the Surveyor for the data involved in the control loop between the connected system and the ROC:

a) tests for detecting repetition, deletion, insertion and re-sequencing
b) test for detecting a message time-out.

c) test of the local emergency shut down of the remote control as per [4.4.5] and [4.4.6].

4.7.7 The sea trials are to be performed to validate the functional specification of ship-shore communication modes defined in
[4.1.3]:

a) In the normal operational mode the limiting parameters are not to be exceeded and the connected system’s functions are to
be demonstrated to the Surveyor.

Note 1: The RTT for RC1 and RC2 between the ROC server and connected system ( Fig 2) should not exceed the values recommended in N1641,
Sec 3, Table 1. The RTT for RC3 between the ROC server and connected system should not exceed 300 ms.

b) Remaining connected system’s functions and fail-safe sequences are to be demonstrated when transitioning to the degraded
mode

c) Fail-safe sequences are to be demonstrated when transitioning to the mode with a lost ship-shore communication.

4.7.8 The sea trials specified in [4.7.7] are to be either:
a) witnessed by a Surveyor on board, or
b) witnessed by a Surveyor remotely from the ROC.

5 Additional requirements for notations ASYNC-COM-R and SYNC-COM-R

5.1 General

5.1.1 The communication system is to be split into at least two redundant groups of equipment each consisting of minimum one
communication device, one gateway to the connected system and one power source. The redundant groups are either

¢ to provide an equivalent total geographic coverage, or

¢ to overlap the restricted geographic region where the connected system is to use the ship-shore communication.

5.1.2 Notifications for a loss of redundancy due to a component failure and for a failure of the automatic changeover function
are to be provided at the control panel of the connected system on board and in the remote control interface.

5.1.3 Each redundant group is to be supplied with an independent Uninterruptible Power Supply system (UPS) providing a
sufficient capacity for 30 minutes of operation following a loss of the main power supply.

5.1.4 The antenna arrangement of the communication devices is to prevent any interference with the other transmitting and
receiving equipment including the channel overlap and is to prevent a simultaneous masking of the signal path for all redundant
communication devices at a time on any ship’s heading.

Note 1: If the ship’s dimensions permit, it is recommended to install at least one antenna at the fore in addition to the antennas mounted on the
navigation bridge.

5.1.5 Each communication device and gateway is to be protected against an inadvertent shutdown by an operator.

5.1.6 For notation SYNC-COM-R, redundant transmission between the ROC and the ship is to be maintained via at least one
communication device in each redundant group simultaneously.
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5.1.7 In the event of a failure of the communication device in primary use, a notification is to be produced at the control panel
of the connected system on board and in the remote control interface, the transition to the redundant communication device is
to be automatic and without any intervention from the operator. As a minimum, two communication devices are to be running
at a time, each from a separate redundant group.

5.1.8 A top-down Failure Mode and Effect Analysis (FMEA) is to be submitted and is to provide a conclusion about the effect on
the ship-shore communication functions from a single point failure. The FMEA is to demonstrate the fault ride through capabilities
and the overall redundancy of the ship-shore communication system. The FMEA is to take into account the independence of the
corresponding external networks and inputs from the ship’s sensors, e.g. heading indicators such as gyros. The perimeter of the
analysis for the onboard installation is to extend from the transmission channels till the gateways which connect to the ship’s
network, including the gateways themselves.

Note 1: While it is understood that other hazard analysis methods exist, such as System Theoretic Process Analysis (STPA) and Functional

Resonance Analysis Method (FRAM), the primary focus of the analysis is on the component failure where FMEA is deemed sufficient for the

perimeter of the ship-shore communication system. The software error type hazards are to be managed as per the requirements for the computer

based systems described in Pt C, Ch 3, Sec 3.

5.1.9 Single failures considered by the FMEA are to include, but not limited to:

¢ loss of any single component

e common cause failures in several components that may arise from a failure or malfunction in one component

¢ for each communication device, interferences limited to its operational radio frequency band(s)

e if applicable, simultaneous masking of multiple antennas by large objects common to the intended area of operation, e.g.
bridges.

Loss of all components located in a given space that would be affected by fire or flooding need not be considered.

5.1.10 The FMEA tables may be prepared based on the requirements of IEC 60812:2018 and the example in the Tab 8 with the

following columns adapted to the redundant ship-shore communication:

¢ the final effect of a single failure is given as the resultant status of the ship-shore communication (loss of function occurred
or not)

e severity and probability columns are not required as the target configuration is redundant and as the probability of a single
failure is not to be the subject of the study.

5.1.11 The FMEA is to be complemented by:

a) Topology diagram for power supply and network demonstrating the attribution to the redundant groups with a distinct colour
coding. An example is provided in Fig 4.

g

Reliability block diagram demonstrating the changeovers with the same colour coding as per item a). An example is provided
in Fig 5.

c) Test programme designed to confirm the fault detection, protection and redundant functions by simulating applicable single
failures of the components.

Figure 4 : Dual redundant topology example with colour coding
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Figure 5 : Reliability block diagram for the example of topology. Components in at least one path through the
diagram must be operational in order for the system to perform its designed function.
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5.1.12 The FMEA is to document any common elements and cross-connections between the redundant groups. If there are no
cross-connections, it is to be stated explicitly. If the cross connections exist, each of them is to be isolated while the ship-shore

communication system is in operation.

5.1.13 For notation ASYNC-COM-R, a network component of ship-shore communication system which is installed according
to the environmental category EC11 (air conditioned command and control stations, accommodation spaces) may be exempted

from the requirement [2.3.1], if the component is a part of a redundant group.

5.2 Onboard testing

5.2.1 During the onboard test witnessed by a Surveyor, the functions of the redundant design are to be checked according to

the FMEA test programme, including:

e alarms in the event of failures

e automatic switching of the communication device in primary use

e alarm for Uninterruptible Power Supply (UPS) in a by-pass mode

¢ UPS endurance testing to confirm the available charge capacity.
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Section 5 Data Infrastructure (DATA-INFRA)

1 General

1.1 Scope and application

1.1.1 The additional class notation DATA-INFRA is assigned, in accordance with Pt A, Ch 1, Sec 2, [6.5], to ships fitted with
data infrastructures complying with the requirements of this Section.

Data infrastructures consist of data assets, technologies, organisations and data management processes, which ensure reliable
collection, transmission, storage, sharing and availability of data to multiple data consumers, as defined in [2].

Note 1: Smart functions are data consumers. For smart functions definition and requirements, refer to Rule Note NR675.

The additional class notation DATA-INFRA may be complemented by the suffix -STAND, when the data infrastructure
implements international standards or norms, which ensure a higher level of interoperability with other systems, and complies
with additional requirements given in Articles [6], [9] and [10].

Note 2: By providing access to a wide variety of ship data, data infrastructures are an enabler to ship digitalization, and a support for the
implementation of visualization, analytic, augmented decision making or operations optimization.

Note 3: Reliability and interoperability of data infrastructures along with by cyber security and data quality framework, are essential for the
implementation of new technologies onboard ships.
1.1.2 The scope of the data infrastructure is specified by the following documentation:

¢ Infrastructure description, defined in [4.1], which includes systems and boundaries definition, along with specification of
implemented data standards.

e Data Producer Inventory, defined in [4.2], with the list of collected ship data.

e Data Consumer Inventory, defined in [4.3], with the list of expected data consumers and, when applicable, supported smart
functions.

1.1.3 This Section does not apply to, or supersede requirements for:
¢ systems for which a direct control is to be ensured (e.g. automation systems)

¢ systems already covered by other requirements such as network in line with [EC 61162-1:2016, IEC 61162-2:2024, IEC
61162-3:2008/AMD2:2014 or IEC 61162-450:2024 (navigation network)

e systems already covered by other additional class notations (e.g. AUT-IMS, SYS-IBS).

Note 1: However, these systems (e.g. automation) may be interfaced with the data infrastructure to ensure digitalization and access to these data
by data consumers.

1.1.4 This Section does not cover:
e Cyber security for which reference is made to NR659 “Rules on cyber security for the classification of marine units”.

¢ Remote control (only telemetry is covered). Therefore data infrastructure for autonomous or remote-controlled ships, are not
covered.

¢ Ship functions which require a (near) real time access to data.

¢ Data processing related to a dedicated usage, algorithm specifications, data consumers or any dedicated application or use
of these data.

¢ Other onboard ship network and ship-shore communication devices and their interface with data infrastructure.

Note 1: See Article [2] for the definition of “other onboard systems”.

1.2 Type approval

1.2.1 For component, sub-systems or devices requested to be type approved product, the Type Approval scheme is described
in Rule Note NR320 “Certification Scheme of Materials and Equipment for the Classification of Marine Units”, and consists of
the following steps:

¢ documentation review
* type testing
e issuance of Type Approval Certificate.

1.2.2 Any significant modification to the data infrastructure is to be notified to the Society, and a new approval is to be carried
out.

Note 1: A significant modification is a modification which influences the functionality and/or the safety of the system.
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2 Definitions

2.1

General

2.1.1 The following general definitions are used in this Section:

Buffer:

Storage used temporarily while data is being moved from one place to another

Data consumer:

User interface, system or tool that uses data.

Data pipeline:

Succession of data processing elements, where the output of one element is the input of the next one.
Data producer:

Device, sensor, user interface, automation, service or system that collect data on board.

Edge computing:

Distributed computing paradigm that brings computation and data storage closer to the sources of data in order to improve
response times and save network bandwidth.

Ethernet:

Family of networking technologies commonly used in LAN (specified in IEEE8 802.3)

Fault tolerance:

Refer to the ability of an IT system (hardware or software) to continue its operation without interruption when one or more
components fails.

High availability:

Refer to the ability of a system to minimize downtime in case of critical failure.
Indicator (Key Performance or Data Quality):

Quantifiable measure of performance of a given objective over time.
Interoperability:

Ability of two or more systems, or components, to exchange information and to use the information that has been exchanged.
The Levels of Conceptual Interoperability Model (LCIM) defines different levels of interoperability:

- Level 0: no connection between devices
- Level 1: technical level, a physical connectivity is established allowing bits and bytes to be exchanged
- Level 2: syntactical level, data can be exchanged in standardized formats, (i.e. the same protocols and formats are supported)

- Level 3: semantic level, not only data but also its contexts (i.e. information) can be exchanged. The unambiguous meaning
of data is defined by common reference models.

IP:

Set of communication protocols used on the Internet or similar computer networks.

Local Area Network (LAN):

Physical or virtual computer network that interconnects devices within a limited area (e.g. machinery room, ship...).
Metadata:

Data defining and describing (e.g. providing context of) other data

Modbus (Modicon bus):

Data communication protocol. Modbus supports communication to and from multiple devices connected to the same cable,
or Ethernet network.

Message Queuing Telemetry Protocol (MQTT):

(One among other) protocol for the Internet of Things (loT) designed as a lightweight publish/subscribe messaging transport
that enables remote devices connection with a small code footprint and minimal network bandwidth.

OPC Open Platform Communication (OPC):

Interoperability standard, developed by the OPC Foundation, for the secure and reliable exchange of data in the industrial
automation space.

Other onboard devices or systems:

Refers to ship systems or devices which are not part of, but are connected or interfaced with, the data infrastructure covered
by this Section.

Note 1: As stated in [1.1.4], the requirements of this Section do not apply to other onboard devices and systems.

Programmable Logic Controller (PLC):

Industrial controller adapted for the control of process.

Purposely installed (devices):

Refer to ship systems or devices in the scope of the data infrastructure as defined in this Section.
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¢ Quality of Service (QoS):
Any technology that manages data traffic to reduce packet loss, latency and jitter on a network. QoS controls and manages
network resources by setting priorities for specific types of data on the network.

e Server:
Computer that manages access to centralized resources or services within a network.
¢ Service Level Agreement (SLA):

Commitment between a service provider and a client which specifies the service provided, with respect to different measurable
aspects (e.g. availability, performance...). In particular, a Data Quality Service Level Agreement (DQ SLA), is an agreement that
specifies data consumers expectations in term of data validity rules (e.g. completeness, timeliness...), and the corresponding
level of acceptability. Service provider supports are usually part of the SLA (e.g. response time, action...).

e Service Level Definition (SLD):
Specification of the service provided, with respect to different measurable aspects.
e Telemetry:

Collection of data (e.g. measurements) at remote points and their transmission to a receiving equipment for monitoring,
through one way data flow.

¢ Voyage Data Recorder (VDR):

Data recording system designed for vessels required to comply with the requirement of SOLAS (IMO Res.A.861(20)).
e Zigbee:

(One among other) communication protocol used for wireless connection (defined in IEEE 802.15.4).

2.2 Data Infrastructures

2.2.1 Data infrastructures are usually constituted by:

¢ One or more acquisition LAN, which perform the collection and transfer of data.

¢ Ship network, which enables transmission of data from acquisition LAN to end server.

Note 1: Data infrastructures are usually connected to an other on board ship network.

¢ Ship-shore communication system, which enables transmission of data from ship to shore.
Note 2: Data infrastructures are usually connected to an other on board ship-shore communication system.

¢ Data server, which can be cloud, shore or ship based. The server hosts data, supports multiple functionalities such as control,
sharing and availability to data consumer.

¢ Data management policies or organisation: policies or organisation ensuring proper data sharing, maintenance, quality
assurance and uniform data management.

Note 3: Data infrastructures should be supported by qualified organisations, process and technologies to ensure data quality management and
access to reliable data (refer to [10.3]).

2.3 Acquisition LAN

2.3.1 For the purpose of this Section, the term “acquisition LAN” refer to devices, and to the corresponding Local Area Network,
designed to collect or share data from different data producers and that may ensure their transmission to a server.

Note 1: Multiple acquisition LAN, provided by different suppliers may be fitted on a single ship.

2.3.2 The acquisition LAN is usually constituted by:

¢ Data logger: network device fitted with computational capabilities, internal storage and acting as a gateway to connect
different types of networks or devices.

¢ Purposely installed network devices which ensure data transfer and communication (e.g. “L2 switch”, “Zigbee to TCP/IP
Modbus Gateway”...).

¢ Data producers, which can be:

- purposely installed (e.g. sensors)

- other on board systems (e.g. Alarm Monitoring System, VDR...).
¢ Devices interconnection (e.g. wired / wireless).
¢ Power sources.

Note 1: The acquisition LAN may be very simple, for example when data infrastructure only collect data from existing other on board system
such as Alarm Monitoring Systems (AMS).

2.4 Datalogger

2.4.1 A data logger may be constituted by:

¢ Data acquisition interface, which ensures acquisition of data from various data sources (i.e. analogue / digital, batch / streaming).
e Gateway, which ensure the interface, communication and data flow between different networks.

¢ Buffer, which ensures temporary data storage.
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¢ Embedded data processing capabilities.
¢ Data communication and network capabilities.

¢ Administration management functions.

3 Documentation to be submitted

3.1 General

3.1.1 The documentation listed in Tab 1 is to be submitted for ships to be assigned the additional class notations DATA-INFRA
or DATA-INFRA-STAND.

Further documentation may be requested for approval or for information by the Society on a case-by-case basis.

Table 1 : Documentation to be submitted

No. | A/1 (1) Documentation Particulars
1 | Data infrastructure definitions e See [4.1]
¢ Including
- Data infrastructure SLD
- Data Quality SLD
- Supported standards
2 | Data Producer Inventory See [4.2]
3 | Data Consumer Inventory See [4.3]
4 A Data infrastructure architecture See [4.4]
5 | Data quality framework See [10.3]
6 | Bandwidth calculation Upon request, see [8.1]
7 | Ship-shore communication subscription See [11.2]
8 A Testing protocols for data infrastructure See [11.2]
9 | Onboard documentation for data infrastructure See [11.2]
Including:
e User’s manual
e Installation manual
e Maintenance manual
* Sensors maintenance plan
10 | Identification of personnel in charge of network management and maintenance | See [11.2]
(1) A:To be submitted for approval ; I: To be submitted for information

4 Infrastructure description

41 General

4.1.1 Objectives and boundaries

A general description of the data infrastructure is to be provided, with overall goals and objectives for the ship, or ship
management.

Description of systems covered by the data infrastructure, with identification of the boundaries between purposely installed
system, and other on board systems are to be provided (see Fig 1).

The data infrastructure usually relies on other on board ship network devices, or on other on board ship-shore communication
system, for the transmission of data.

Note 1: By definition, other on board ship network devices are not covered by the requirements defined in this document.

However, depending on the architecture the supplier may install additional devices in order to support the data infrastructure.
In that case following are to be submitted:

¢ documentation on additional ship network devices, if any,

¢ documentation on additional ship-shore communication devices, if any.
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Figure 1 : Example of data infrastructure boundary diagram
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4.1.2 Datainfrastructure Service Level Definition (SLD)

A data infrastructure Service Level Definition (SLD) is to be provided with a list of indicators qualifying the expected performance
or reliability of the data infrastructure.

The data infrastructure SLD is a supplier input, therefore the list of indicators, where the indicator is assessed (e.g. cloud, on
board) and the corresponding targets are the responsibility of the supplier. An example of data infrastructure SLD is given in Tab
2.

Note 1: When applicable, the indicators are to be monitored, refer to [10.4].
Note 2: The SLD may be considered as a basis for Service Level Agreement between the data infrastructure supplier and the Owner.

Note 3: When services do not meet targets, customer support, remediation processes, responsibilities and escalation plan (e.g.”inform IT team
support, then inform software manager”) should be defined.

4.1.3 Data Quality Service Level Definition (DQ SLD)

Data Quality Service Level Definition (DQ SLD) is to be provided with a list of data quality dimensions setting up the expected
quality of data. Corresponding targets are to be specified (and business rules when available).

The DQ SLD is a supplier input and therefore the list of dimensions covered, along with corresponding targets, is the
responsibility of the supplier. An example of DQ SLD is provided in Tab 3.

Note 1: The DQ SLD is part of data management (refer to [10]).

Note 2: When applicable, indicators are to be monitored by the infrastructure, refer to [10.4].

4.1.4 Data standards

For the assignment of the notation DATA-INFRA-STAND, data standards supported by the data infrastructure are to be specified
and comply with additional requirements given in [6], [9] and [10].

Table 2 : Example of data infrastructure SLD

Topic Measure Metric Target

System performance | Data retention time (cloud) Estimated storage time for database, 5 years
backup and log (cloud)

Data latency /freshness (cloud) Average latency between data producer | for sensors: 15min
and availability in the (cloud) data base

Timestamp accuracy Average latency between data producer | for sensors: average Tms
and data time stamping

Reliability Server availability (cloud) Monthly uptime (%): 99%

Maximum available minutes — Downtime
Maximum available minutes

Back up frequency of (cloud) database | Frequency once a day

Recovery time (cloud) Expected time to recover the system from | 24h
catastrophic failure
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Table 3 : Example of DQ SLD

. DQ. Business Rule Measure Target
Dimension
Completeness | Database fields should be complete % of displayed values that are not “Null” or “NaN" | > 90%
Uniqueness ID or TAG should be unique for a data element % of unique element > 95%
Validity Data element (physical sensor values) should be % of values inside sensor range > 85%
inside the sensor “range” defined in metadata
Data element should be of the correct type % of value with the correct ‘type’ > 80%
Data element should be of the correct format % of correct format > 77%
Transmission error should be as low as possible % of message transmission error > 80%
Timeliness Data element (sensor) present in the database has | % of element not refreshed < 10%
been refreshed during the last 6h
Data element timestamp should be correct % without incorrect or missing timestamp > 90%
Accuracy Sensor value should not present a slope or a drift in | % of value with a drift in the median value (over < 10%
values (not physical behavior) the past 2month)
Sensors calibration should be up to date % of sensors calibrated > 95%
4.2 Data Producer Inventory

4.2.1 An inventory of the data producers is to be provided (see Tab 4):

¢ data producers, with indication of:

- data producer name, with ID or TAG

- “purposely installed” (e.g. sensors) or “other on board systems” (e.g. “organisation logbook”)

- source system producing the data (e.g. sensors, VDR...)

- on board location, when applicable.

e list of data collected and transferred, with indication of:
- data ID or TAG
- data or parameter description

- data type
- data unit

- calibration period, for purposely installed data sources

- acquisition interval with signal processing if any (e.g. instant, average, maximum)

- transmission interval

- acquisition interval.

Table 4 : Example of Data Producer Inventory

Data Purposely
producer | installed / Source . -
Onboard Data Data Data . oo Signal Transmission
name / Other location Description | TAG/ID | type Unit calibration rocessin time
#TAG onboard P P period P &
#ID system
Sensor Purposely Engine room
#ME1 installed Main diesel .
generator bearing 254032 scalar | °C earl nlfxTr:L; hour
Generator temperature | _temp yeary |
Rotor shaft vaiue
AMS Other Bridge
#AMS34 | onboard . geodetic Not 5min /
system latitude lat scalar oystem Applicable instant hour
longitude lon scalar geodetic Not >min / hour
8 8 system Applicable instant
Bridge Other Bridge
#report2 | onboard Noon event
system reports org 2 string a Il\ilc(:);ble A Tli(c);ble driven / event driven
content bp pp instant
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4.3 Data Consumer Inventory

4.3.1 A general inventory of expected data consumer is to be provided (see Tab 5). Inventory may include but is not limited to:
¢ data consumer name

¢ type of data consumer (e.g. visualization, analytic, models for optimization...)

¢ corresponding smart function, when applicable

Note 1: smart function are defined in NR675, Sec 1.

¢ general description.

Table 5 : Example of Data Consumer Inventory

Visualization / Smart function

Data consum . Descripti
dta consumer Analytic / Models (see NR675) escription
Current vessel position Visualization - Display current vessel position (AIS) on a world map
Visualization / Display vessel past voyage on a world map.
Vessels voyages stiatizat - play v past voyage on P .
Analytic Detailed information on previous voyages are accessible
Visualizati . N
Swell tsua |zat.|on/ - Swell height, swell direction, swell spectra
Analytic
. . . Visualization / . . - .
Diesel Engine Analysis . MH Diesel engine RPM and efficiency analysis
Analytic
Noon report visualization Visualization - (Read) access to noon report

4.4 Architecture

4.4.1 Data flow
The data-flow architecture is to be submitted (see Fig 2), with:

¢ A general data flowchart, from data producers to intermediate and final repositories. When applicable, data consumers may
be considered.

Note 1: It is recommended to indicate general database architecture (e.g. Data Warehouse, Data Lakes...) with specification of the product/API
used (e.g. SQL, MongoDB...).

Figure 2 : Example of data flow

Data producer Data pipeline

| Governance / Metadata / Master data management |

DATA
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Quality
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4.4.2 Acquisition LAN
A detailed scheme or diagram detailing the acquisition LAN is to be provided (see Fig 3), with:

— w o
[}
m

Unstructured
data

¢ identification of data producers:
- purposely installed
- other on board systems connected to data infrastructure

Note 1: Data producers are detailed in the Data Producer Inventory
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¢ identification of network devices:
- purposely installed (e.g. data logger, switch)
- other on board network devices at the interface of the acquisition LAN

¢ connection between different devices, with indication of physical connection, direction of the communication (bidirectional
or one way), and protocol (e.g. Modbus Ethernet TCP / RJ45, Zigbee / Wi Fi...)

® power sources

Note 2: It is to be noted that each solution may differ from one to another, therefore a clear definition of data flow and infrastructure is to be
provided with identifications of boundaries between purposely installed devices and other on board systems.

Figure 3 : example of acquisition LAN architecture
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4.4.3 Datalogger specifications
Technical documentation of the data logger is to be provided, with:
¢ general description
e connectivity specification:
- number of ports with indication of the connection type (e.g. Ethernet RJ45, Wi-Fi 5GHz, field buses ...)
- supported protocols (e.g. TCP/IP, MODBUS TCP/IP, HTTPS...)
- maximum number of devices that can be connected, when applicable
- maximum input rate under which the equipment can perform its functions
¢ power supply

AN/ )

¢ data processing functions (e.g. “max”, "min”...).

4.4.4 On board data server specifications

When data server is located on board, general description of server capability is to be provided. Technical documentation is to
be provided, that may include, but is not limited to, the following:

e connectivity specification
¢ power supply, when applicable

¢ processing performance (e.g. number of source, response time...) for request-response services for data input, data output,
and streaming services may be requested by the Society on a case-by-case basis.

4.45 On board buffer specifications

On board buffer capacity is to be provided, with estimation of the maximum buffering time (e.g. estimation in days) based on a
common ship usage and at full use of the available inputs. Design scalability (refer to [5.1.3]) of the data infrastructure is to be
considered in the calculation (e.g. 20% increase).

4.4.6 Purposely installed network or ship-shore communication devices specification

When additional devices are added by the data infrastructure supplier to the ship network or to the ship-shore communication
system, they are in the scope of this section and their documentations are to be submitted.
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5 Requirements for acquisition LAN

5.1 General

5.1.1 Component

Purposely installed data infrastructure components are to be type approved products (as indicated in Pt C, Ch 2, Sec 1, [4]). They
are to be approved on the basis of the applicable requirements of the Rules and in particular the ones defined in Part C, Chapter
3. Tab 6 list the requirements regarding components' type approval.

Table 6 : Type approval requirements

) Type approved products
Notation
Software Hardware
DATA INFRA yes yes
DATA INFRA-STAND yes yes

5.1.2 Data communication links

Data links are to comply with following requirements:

e Characteristics of data link are to prevent overloading in any operational condition of system.

¢ Data link are to be self-checking, detecting failures on the link itself and data communication failures on nodes connected
to the link. Detected failures are to initiate an alarm.

Especially, wireless data links are to comply with following requirements:

¢ Recognized international wireless communication system protocols are to be employed, incorporating message integrity:
fault prevention, detection, diagnosis, and correction so that the received message is not corrupted or altered when compared
to the transmitted message

¢ The internal wireless system within the vessel are to comply with the radio frequency and power level requirements of
International Telecommunication Union and flag state requirements. Consideration should be given to system operation in
the event of port state and local regulations that pertain to the use of radio-frequency transmission prohibiting the operation
of a wireless data communication link due to frequency and power level restrictions.

5.1.3 Scalability

The acquisition LAN is to be designed and the corresponding devices are to be chosen, in order to ensure as far as possible
scalability, such as: input/output channel expansion, increase of storage capability, computational resources, compatibility
between devices, support of multiple data transmission protocols.

Scalability is to be considered during the design stage.

5.1.4 Availability
High availability of the data infrastructure is to be ensured, especially:
e supporting software are to be fault tolerant

e acquisition LAN devices are to restart automatically (i.e. without intervention of personnel) after loss of power supply or
interruption

¢ in case of a device communication loss, re-initialization and re-establishment of the connection is to be automatically
performed.

Note 1: Availability of the data infrastructure may be part of the infrastructure SLD (e.g. 99,9% availability).

5.1.5 Network separation
The acquisition LAN and the corresponding devices are to be separated from ship’s essential services networks.

5.1.6 Separation with other on board systems

In no case, the presence of purposely installed devices (e.g. data logger, gateway...) for the collection of other on board systems
data are to impact the availability, the functionality or to interfere with these other on board systems.

Especially, purposely installed collection devices used to collect information, and the corresponding supervision interface, are
to use strong separated and safe logical environments (e.g. data diode). So that the system is not to be able to alter the origin data,
software or hardware, purposefully or not purposefully.

Risk analysis or technical specification may be requested by the Society on a case-by-case basis, to justify the separation with
other on board systems. Especially, purposely installed collection devices are to be located, and mounted, at a distance from the
other on board systems, in order to avoid any perturbation of the other on board systems or instrumentation.
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5.1.7 Back-up
Back up and restore are to be available for all purposely installed devices.

Procedures for diagnostic, re-installation and restoration of equipment, system or solution are to be available on board to the
attention of responsible personnel.

5.1.8 Integrated system
Integrated systems are to comply with requirements stated in Pt C, Ch 3, Sec 3, [7.7].

5.2 Data producer

5.2.1 Purposely installed sensors design
Sensors are to be approved on the basis of the applicable requirements of this Section and of Part C, Chapter 3.

Sensors characteristics (e.g. precision, range, accuracy...) are to be appropriate with regard to the physical parameter to be
monitored, and when applicable to the data consumers (e.g. optimization model).

Note 1: Sensors metadata should be available in the information model (refer to [10].

Note 2: When the data infrastructure aims to support data-driven data consumers, the requirements of stakeholders in charge of algorithms
development are to be considered during sensor selection, and data infrastructure design (e.g. sampling time). Indeed sensors characteristics such
as precision or range may have an impact on models, on the confidence interval of the prediction... thus limiting performances (e.g. numbers of
false negatives).

5.2.2 Purposely installed sensor location

Sensors are to be located such as they provide a reliable measurement of the physical parameter to be monitored. Manufacturers
or international standards specifications are to be considered.

Note 1: The position of sensors with regard to the physical parameter to be monitored is the responsibility of the designer and it should be
confirmed after installation during deployment phase by the mean of inspections or measurements.

5.2.3 Purposely installed sensor calibration

When applicable, sensor calibration information (or certificate) are to be available in the data infrastructure or integrated. This
is part of the information model (refer to [10]).

When applicable, the sensors are to be selected and installed in such a way that a periodical on-site recalibration can be carried
out.

5.2.4 Purposely installed sensors on board identification
Sensors are to be installed with permanent means of identification.

5.3 Datalogger

5.3.1 Computer based system

Data loggers are computer based systems and are to comply with requirements of Pt C, Ch 3, Sec 3, as Category | system.
In addition, the following documentation is to be submitted for information:

¢ software functional description and associated hardware description

e test program for on board tests, including wireless network testing.

5.3.2 Functions

Data loggers computational resources and internal memory are to be sufficient to ensure data acquisition, network connectivity,
and to support functions listed in [6]:

* management functions

e communication and data input / output functions
e data processing functions

¢ data buffering functions

* log management functions.

5.3.3 Continuity of operation

Data loggers are to be able to detect and handle the loss or interruption of communication (e.g. timeout), and to ensure
continuous operation of data acquisition and data storage, without loss or overwritten of data.

5.3.4 Integrity
Data loggers are to ensure integrity of recorded information. The process for writing data or files is to be at system level.

Administration profiles, or operators profiles are not to have other access right than read only.

Operators with backup rights, are not to have read access rights.
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5.3.,5 Alarm and status reporting

Data loggers are to be fitted with a status reporting interface with indication of the system status (e.g. normal, abnormal).

Detected failures are to initiate an alarm. A no-fault condition is to be positively indicated (e.g. green LED lighted).

5.3.6 Connection to ship network

When data loggers are connected to the ship network, a wired, Ethernet interface which enables a minimum transmission rate
of 100 Mbps (fast Ethernet), is to be provided.

5.3.7 Direct access

An on board direct connection to data logger is to be provided (e.g. console port) for debugging or maintenance purpose.

5.3.8 Buffer

Data logger are to be provided with non-volatile, buffering storage capacity of sufficient size to avoid loss of collected data during
network issue.

A data buffer able to store the following data on board for a minimum of 30 days is to be provided:

* management data, as listed in [6.4]

¢ collected data, based on a full usage of acquisition LANS, as listed in [6.4]

e error log, as listed in [6.5].

Procedure for emergency extraction of data are to be available on board with detailed information and identification of the
location of the equipment on board

Note 1: Depending of the architecture, the on board storage may be an external unit, integrated in the data logger or in the server.

6 Datalogger functions

6.1 Administration management functions

6.1.1 Configuration management

Configuration management of the data logger is to be allowed and accessible through Human Machine Interface (e.g. HTTP
access, local access...)

6.1.2 System clock management

When the Data logger is responsible to timestamp the data, it is to be fitted with clock management function capability, and is
to be synchronized with reference clock.

Note 1: UTC time synchronization of the data logger can be performed through Network Time Protocol (NTP).
In case of loss of clock synchronization, an alarm is to be raised and logged.

Note 2: It is recommended that to perform data timestamping on board ship to minimize impact of the instability of ship shore communication.
Refer to [10] for time management definition.

6.2 Input/output communication functions

6.2.1 Errors detections

When applicable, application protocols are to integrate means to ensure message integrity and detect transmission errors (e.g.
“tokens”...).

6.2.2 Proprietary solutions

In case of proprietary solutions, general specification of protocols, data types, format, naming, error codes... are to be available.

6.2.3 Additional requirements for DATA-INFRA-STAND

For the assignment of the notation DATA-INFRA-STAND, standardized solutions are to support at least one of the following
protocols and data exchange formats:

e [SO 19847:2018 and ISO 19848:2018 standards for format and transmission of shipboard machinery or equipment data

e OPC UA as relay of sentences as per IEC 61162-1:2016, IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-
450:2024, when interfacing with Maritime navigation and radio communication equipment and systems, and ISO
19847:2018.

Other solution may be considered by the Society on a case-by-case basis.
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6.3 Data processing functions

6.3.1 Processing functions supported by the data logger are to be listed for information.

When data logger enables the deployment of expert system, such as Machine Learning algorithm this is to be clearly specified.
For computer based systems integrating Machine Learning systems, the recommendations of N1692 “Guidelines for Machine
Learning systems” may be referred to, as specified in Pt C, Ch 3, Sec 3, [1.3.3].

Note 1: Data processing may also be performed on other acquisition LAN device (edge computing) to reduce volume of data transferred across
the network and increase reliability of information.

6.3.2 For the assignment of the notation DATA-INFRA-STAND, standardized solutions are to be able to support “calculation
data” field specified in ISO 19848:2018.

6.4 Datalogging

6.4.1 The data logger is to be able to log the following data:
¢ device management data, such as:

- history of access, with username and date time

- history of changes to software (e.g. data management, software parameters change, data format, database...)
¢ data to be transmitted, in order to prevent loss of data during network or communication issues, such as:

- raw data

- processed data, as described in [6.3].

6.5 Error log management functions

6.5.1 Failure detection
Data loggers are to be self-checking and be able to detect faults, malfunctions or interruptions of its different parts. Especially,
they are to be able to detect the following:

¢ loss of power supply, (or low battery when applicable)

¢ loss of communication or network failures

¢ software abnormal operation

¢ processor failure (e.g. overheating)

e failure of data collection interface

¢ failure of on board storage device (e.g. access)

¢ on board storage capacity nearly complete or over reading (e.g. warning at 90% full storage)
¢ loss of UTC synchronization.

6.5.2 Error logging

Data logger are to be able to log:

e errors listed in [6.5.1]

e transmission errors (e.g. header error, checksum error...)

¢ other element identified in the data quality framework [10.3], when applicable

Sufficient information (e.g. datetime, system...) are to be available in the log to enable analysis, reconstruction, review and
examination of the time sequence of operations.

6.5.3 Log transmission and access
Logs are to be accessible during inspections or surveys.
Note 1: it is recommended that data loggers support external error logging, for example by the mean of SYSLOG protocol (refer to RFC5424).

7 Ship network configuration

7.1 General

7.1.1 Data infrastructure is to be appropriately designed and configured for the onboard ship network. Especially QoS tools and
strategies are to be implemented to ensure minimum packet loss or latency and enough bandwidth for data transmission.

In no case, the presence of the data infrastructure and corresponding data consumers, is to lead to congestion, or failure of the
ship network or disruption of on board services.

Note 1: QoS should be provided with means to:

* manage data transfer priority level,

e provide information on communication system status (e.g. connectivity, estimated transfer rate...),

¢ identify network congestion, leak and manage traffic (e.g. delay, packet loss, timeouts...) such as bandwidth monitoring, ping analysis...

e log error and provide analysis tools.
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7.2 On board data server

7.2.1 When aserver is installed on board, the server is to be appropriately designed to provide sufficient input/output processing
performance to handle data volume based on the estimated usage of acquisition LANS.

7.2.2 When a server is installed on board, and when its reliability or performance relies on specific environmental conditions
(e.g. room temperature), this is to be clearly specified. The server is to be installed in a place where these environmental
conditions are ensured.

7.2.3 Depending of the architecture, data loggers may be integrated in the server. In that case, requirements for data logger apply
(refer to [5.3] and [6]).

8 Ship-shore communication configuration

8.1 General

8.1.1 The ship-shore communication system is to be appropriately designed and configured to handle reliable data transfer.

A bandwidth calculation report, demonstrating that ship-shore communication subscription is sufficient to ensure reliable
transmission of data, or to support data consumers, may be requested by the Society on a case-by-case basis. QoS tools and
strategies are to be implemented with appropriate priority levels or traffic quota.

In no case the presence of the data infrastructure is to lead to failure or congestion of the communication system. Especially it
must not:

¢ lead to disruption of essential services on board

¢ endanger the reception and transmission of distress messages and other communications covered by the Rules and/or
Statutory regulations (e.g. digital cordless telephone (DCT), public address).

9 Server

9.1 General

9.1.1 Data management function

The data server is to be provided with means to access and manage (e.g. creation, suppression...) data. Especially:
e access to collected data, to metadata are to be provided, with filtering capability

e Qaccess to data and information model (refer to [10.1])

e time synchronization is to be ensured

¢ database alias management function is to be supported.

9.1.2 Access right management and logging
Access right management is to be defined (e.g. read, write) for different roles: administrators, users, data consumers...

When coming from authorized sources, modification to the data base or data model are to be logged in the system with datetime
and information on modification performed.

9.1.3 Input-Output

Server input and output functions capability are to be specified:

¢ request-response data transport service (e.g. REST APl such as HTTP, HTTPS...)
¢ streaming data service (e.g. Broker and Publisher functions of MQTT Protocol)
e file transport service (e.g. FTP, SFTP...).

9.1.4 Additional requirements for DATA-INFRA-STAND

For the assignment of the notation DATA-INFRA-STAND, standardized solutions are to support at least one of the following
protocols and data exchange formats:

e SO 19847:2018 and ISO 19848:2018 standards for format and transmission of shipboard machinery or equipment data

e OPC UA as relay of sentences as per IEC 61162-1:2016, IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-
450:2024, when interfacing with Maritime navigation and radio communication equipment and systems, and ISO
19847:2018.

Other solution (e.g. API) may be considered by the Society on a case by case basis.

9.1.5 Backup

Database are to be regularly backup to ensure recovery in case of lost data.
Note 1: Backup frequencies and recovery time may be part of the data infrastructure SLD.
Backup files are to be stored on a separated storage medium.
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10 Data management

10.1 Data model

10.1.1 A data model is to be defined to support interoperability between connected systems, with definition of ontology (data
property, object property) and metadata. The model is to be documented.

Note 1: Data model may rely on existing data standards (e.g. RFC 8428 (SenML)...) for improved interoperability.
Ontology is to be specified, with definition of data properties and object properties (e.g. Unified Modeling Language diagram).

10.1.2 A data catalog with specification of data naming rules is to be provided.
Note 1: A data catalog should be defined to support ISO 19848:2018 Data Channel definition.

10.1.3 For the assignment of the notation DATA-INFRA-STAND, standardized solutions are to implement 1ISO 19847:2018, ISO
19848:2018, OPC-UA or IEC 61162-1:2016, IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-450:2024 as
applicable.

10.2 Data format
10.2.1 Data exchange format are to be specified (e.g. XML, JSON) and support the data model specified in [10.1].

10.2.2 For the assignment of the notation DATA-INFRA-STAND, standardized solutions are to comply with requirements of ISO
19847:2018 or ISO 19848:2018. Especially, they are to be able to export data under XML format with standard character
encoding (e.g. UTF-8, ASCIL...).

Note 1: it is recommended to support also JSON or CSV formats.

10.3 Data quality framework

10.3.1 A data quality framework is to be implemented to ensure the reliability of data. A general description of the data quality
framework is to be provided.

Note 1: This description, may include, but is not limited to:

e general data quality strategy (e.g. scope, objectives...), with general specification of data quality target or maturity assessment
* definition of business rules and corresponding data quality rules

e description of data quality monitoring and assessment framework, with

- data quality dimensions (e.g. completeness, timeliness...), corresponding metric and acceptability thresholds. Especially data quality
monitoring related to sensors faults should be considered (e.g. missing value, low or no batteries, calibration expired, above/below
range, slope exceed, constant value, detection limit, spatial or internal inconsistencies...)

- tools or processes, for data quality inspection and monitoring (e.g. on line KPI, manual inspection...)

- tools or processes, for reporting data quality performances and data quality incidents

- tool or processes for the investigation of data that does not comply with quality criteria (e.g. root cause analysis)

- integration policies for data that does not comply with quality criteria (e.g error correction, error flagging, cleansing...)
e sustainment process
e overall data governance
e data standards (international or company standards)

e Service Level Agreement (SLA) for data integrated from an external data supplier.

10.3.2 Time management

Definition of the timestamp accuracy is to be provided (e.g. latency). Definition of what is considered as a ‘current’ (or ‘now’)
value in the database is to be specified with regard to the capabilities of the data infrastructure.

Note 1: For example, a system composed by a sensor which send messages over RS485 to a data logger with NTP synchronization, and
timestamp the data at the reception of the message on the data logger have an average uncertainty of around Tms.

Note 2: Definition of the average time between the data producer and the time stamp may be part of the DQ SLD.

10.4 Monitoring

10.4.1 Performance monitoring

The indicators specified in the data infrastructure SLD (refer to [4.1.2]) are to be monitored.

10.4.2 Data quality monitoring
The indicators specified in the DQ SLD (refer to [4.1.3]) are to be monitored.
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10.4.3 SLDreport

The data infrastructure is to be able to generate a report, which provides an overview data infrastructure SLD and DQ SLD
indicators on a given period, with indication of the monitored values and their corresponding targets. The summary should
display the worst indicator condition recorded on an aggregated period of time (e.g. worst indicator recorded for each quarter).
When a threshold has been exceeded it is to be specified in the report.

Note 1: When exceeding thresholds, it is recommended to indicate actions taken in response.
11 Installation and testing

11.1 Datalogger type approval

11.1.1 Data loggers are subject to acceptance testing. Acceptance tests are generally to be carried out at the manufacturer’s
facilities before the shipment of the equipment, when requested.

Testing protocols are to be agreed with the Society prior to testing, and are to include, but are not limited to:
¢ testing as described in Pt C, Ch 3, Sec 6, [3]
¢ test of data logger functions described in [6].

11.2 On board testing
11.2.1 Ship-shore communication subscription is to be checked, and is to be in accordance with documentation.
11.2.2 The documentation listed in Tab 1, items 9 and 10 is to be available on board.

11.2.3 Testing protocols are to be such that, tests are to be performed in the expected conditions of operations of the ship:
¢ All data producers are to be connected.
¢ The network bandwidth is to be restraint to simulate the other ship system usage. The priority level are to be correctly defined.

¢ Ship-shore communication is to be restraint to simulate the other ship system usage. The priority level are to be correctly
defined.

11.2.4 A complete test program is to be submitted, and testing protocols are to be agreed with the Society prior to testing.
The testing protocols are to include, but are not limited to:

¢ General testing to be carried out to check that data producers can be accessed. Check of main hardware and software
functionalities with all systems integrated are to be performed.

¢ The system is able to monitor data infrastructure SLD and Data Quality SLD, and to produce the SLD report.
¢ Black out is to be simulated to demonstrate capability of data infrastructure to restart automatically.

e Data flow is implemented from data source to final data base server. Synchronization between systems repositories is to be
checked.

* Acquisition LAN testing:
- data acquisition and wireless communications are to be tested according to Pt C, Ch 3, Sec 6, [4]
- for analog sensors, signal calibration, tip set point adjustment are to be performed
- sensors and equipment calibration are to be checked, when applicable
Record of calibration and maintenance are to be checked, by the mean of data infrastructure or integrated.
- UTC synchronization of data logger is ensured.
¢ Buffer and backup testing:
- data listed in [6.4] are available on board
- system is able to recover from backup.
e Errors simulation (refer to [6.5.1]):
- corresponding alarm is raised and displayed on board
- ship to shore outage is to be simulated
- data listed in [6.5] are logged in the system
- error log can be inspected on board.
¢ Data server:
- collected data are available with correct timestamp
- data stored in the server are same as data recorded on board
- information model and metadata are accessible

- server is able to answer to data request, with filtering, aggregation capability.
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Section 1 Hull Stress and Motion Monitoring
(MON-HULL)

1 General

1.1 Application

1.1.1 The additional class notation MON-HULL is assigned in accordance with Pt A, Ch 1, Sec 2, [6.6.2] to ships equipped with
a Hull Stress Monitoring System (hereafter referred to as Hull Monitoring System for easy reference), complying with the
requirements of this Section.

The class notation MON-HULL is not applicable to High Speed Craft.

1.1.2 A Hull Monitoring System is a system which:

e provides real-time data to the Master and officers of the ship on hull girder longitudinal stresses and vertical accelerations the
ship experiences while navigating and during loading and unloading operations in harbour

¢ allows the real-time data to be condensed into a set of essential statistical results. The set is to be periodically updated,
displayed and stored on a removable medium.

Extra information may be added in view of later exploitation by the Owner, for instance as an element in the exploitation of
the ship or as an addition to its logbook.

Note 1: The information provided by the Hull Monitoring System is to be considered as an aid to the Master. It does not replace his own
judgement or responsibility.

1.1.3 The Hull Monitoring System is to be able to ensure the following main functions:

e acquisition of data: hull girder longitudinal strains and vertical accelerations at bow

e data processing: conversion in physical units, scaling, consistency checking, statistical processing and storage of results
¢ display management, handling of alarms and warnings

e detection of faults and malfunctions.

Note 1: The additional resources needed for the later onshore exploitation of the recorded results are not considered as part of the Hull
Monitoring System.

1.2 Documentation
1.2.1 The documentation as listed in Tab 1 is to be submitted to the Society.

Table 1 : Documentation to be submitted

No. | A/l (1) Documentation Particulars

1 A Description and metrological characteristics of the sensors
and associated conditioning units

Diagram and functional scheme of the system

Sensors calibration procedures and certificates Including calibration values and tolerances

Location of sensors

> > > >

Detection of faults and malfunctions of the system

I Principles and algorithm used for the data processing

| User's manuals Installation and maintenance manual, using manual

O Nl |u| ] W

| List of data to be transmitted to VDR, if any

(1) A: to be submitted for approval; I: to be submitted for information
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2 Sensors design

2.1 General

2.1.1 The Hull Monitoring System is to be based on sensors designed to carry out the following measurements:

¢ measurements of the longitudinal strains in the main deck: the sensors will be located at one or several transversal sections
where the maximum hull girder stress can be expected during navigation, loading or unloading. At least one transversal
section will be equipped with two sensors located symmetrically at Port and Starboard

* measurements of the vertical acceleration at the bow.

2.2 Measurements ranges and tolerances

2.2.1 Stress measurements of hull girder are related to the still water and wave and dynamic bending moments acting on the
ship. For steel ships, a deformation range from —2000 micro-strain to +2000 micro-strain should be assumed.

The measurement uncertainty (including strain transducers parameters, calibration, resolution of acquisition system, etc.) is to
be less than +/— 20 micro-strain or +/— 5% of the reading, whichever is the greater.

The typical bandwidth should be 0 Hz to 1,0 Hz.

2.2.2 Acceleration measurements at the bow are related to the vertical motion (heave and pitch) of the ship and the first mode
of the vertical vibration of the hull girder. Depending of the size of the ship, an acceleration range from -20 m/s to +20 m/s?
should be assumed.

The measurement uncertainty is to be less than +/- 0.2 m/s? or +/- 5% of the reading, whichever is the greater.
The typical bandwidth should be 0,02Hz to 1,0Hz.

2.3 On-site calibration of sensors

2.3.1 The sensors are to be selected and installed in such a way that a periodical on-site recalibration can be carried out without
extra equipment.

When this operation is impossible, the Manufacturer is to declare the period and procedure of calibration.

2.4 Environmental and EMC requirements

2.4.1 The sensors and the associated conditioning units are to comply with the applicable requirements concerning
electromagnetic compatibility and protection against environmental conditions. The installation is to be compliant with Pt C, Ch
3, Sec 5.

2.4.2 The electrical equipment installed in hazardous areas are to be compliant to requirements of Pt C, Ch 2, Sec 2, [6] and Pt
C, Ch 2, Sec 3, [10].

3 System design

3.1 General

3.1.1 The Hull Monitoring system is to include at least:
¢ sensors and conditioning units

e a computer with the sufficient resources to perform the required tasks in real time (e.g. warnings and alarms are to be given
out immediately)

¢ adisplay unit readable at a distance of at least T m

* a data storage unit with a removable medium, allowing for the statistical data to be exploited later
¢ as option, a data storage unit to record time data series from sensors (see [3.5.1])

e an UPS with 30 minutes autonomy (see [3.8.1]).

3.1.2 The system is to be designed to detect, as far as possible the faults and the malfunctions of the system (e.g.):
¢ failure of main source of power

¢ data out of range

¢ data remaining strictly constant (failure of a transducer)

e system stops or hangs (the implementation of a Watchdog is recommended).

Note 1: The detection of faults and malfunctions will trigger a visual and audible alarm.

3.2 Data processing

3.2.1 The system is to be designed in order to measure and process the stresses induced by still water and dynamic hull girder
loads as defined in Pt B, Ch 5, Sec 4 and the accelerations which result from the ship motions as defined in Pt B, Ch 5, Sec 3.
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3.2.2 Data processing is to be carried with the provision of the following requirements:
¢ analogue low-pass filters are to be used in accordance with the required bandwidth
¢ the sampling frequency is to be at least 20 times the low-pass filtering frequency

¢ the processing ranges of stress and acceleration are to be fixed in accordance with the calculated stress and acceleration limits
for the ship, and will allow possible overshooting

¢ thesignals are to be processed through a cyclic statistical procedure. The procedure (e.g. peak value, N/10 and N/3 averages,
RMS value, mean value, etc.) will allow to record a set of statistical data for an off-line exploitation and to display real time
values for an on-line exploitation

¢ the recording duration per cycle is to be adapted to produce results that are not to deviate by more than 10% from one wave
encounter to the next in steady navigation conditions. The recording duration per cycle is not to be less than 10 minutes.

3.2.3 The information (still water bending moments or stresses) from loading calculator is to be exported to the Hull Monitoring
System during loading and unloading.

The measured still water hull girder stresses is to be checked against the predicted values from the loading calculator.
3.2.4 The system is to switch from port to sea conditions, and vice versa.

3.2.5 Provision is to be made for a connection to a Voyage Data Recorder. The Manufacturer of the Hull Monitoring System is
to declare which information would be forwarded to the Voyage Data Recorder.

The physical connection of the Hull Monitoring System to the Voyage Data Recorder is to be compliant with IEC 61162-1:2016,
IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-450:2024.

3.3 Datadisplaying

3.3.1 The hull girder stresses and the vertical accelerations are to be displayed in real time (e.g. maximum values and current
values). This information is to be declared as “default condition” and displayed at power up or reset.

In sea conditions, statistical data may be displayed on the same page without possibility of mix-up with the real time data.

3.3.2 When a visual alarm/warning is emitted in accordance with [3.4], the corresponding information is superimposed on the
above “default condition” displayed.

3.3.3 When the system detects a fault or a malfunction, the corresponding status is to be displayed.

3.4 Alarms

3.4.1 The alarms and warnings levels are to be settled in accordance with the following:

e thealarm levels are to be fixed to 80% of the maximum values obtained from the requirements on the basis of which the hull
structure is approved

¢ the warning levels are always to be less than the alarm levels defined above.

3.4.2 The alarms and warning associated with each limit defined in [3.4.1] are to be clearly distinguishable from those relevant
to faults and malfunctions.

3.4.3 When the system detects a fault or a malfunction, the alarms and warnings are to be inhibited and a visual an audible fault/
malfunction alarm is to be emitted.

3.5 Data storage

3.5.1 The time data series are to be stored either by the recording device which is part of the Hull Monitoring System, or by an
integrated bridge system, if available.

The storage media used shall have a sufficient capacity to store at least 1 year of time data.

3.5.2 The data storage recording device suitable for accumulating statistical information for feedback purposes is to be able to
store at least 30 days of statistical data depending of ship's operation.

Statistical data are to be recorded in text format easily readable on a PC.

3.5.3 The data storage recording devices are to be:
¢ entirely automatic, apart from the replacement of the removable storage support
¢ such that they do not interrupt or delay the processing of the data.

3.5.4 The recorded data (time and statistical) must be time dated.

3.6 Exploitation of stored data

3.6.1 The exploitation of the recorded statistical data according to [3.5.2] is let to the responsibility of the owner.
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3.7 Checking facility

3.7.1 The Hull Monitoring System is to include an auto-checking facility so that the verification of the System can be carried out
without the need of external devices.

3.8 Power supply

3.8.1 The Hull Monitoring System is to be supplied by the main source of power of the ship through an uninterruptible 30
minutes autonomy power source.

4 Installation and testing

41 General

4.1.1 The components of the hull monitoring system including data processing, storage, display units and UPS are to be type
approved in accordance with Pt C, Ch 3, Sec 6 (see also [2.4.1]).

The design of the display unit installed on the bridge is to be compliant to requirements of IEC 60945:2002.

4.2 Installation of sensors

4.2.1 Attention is drawn to the possible existence of local strains induced by temperature gradients in the hull structure.
The strain sensors are to be located in areas free from these temperature gradients.

If a temperature compensation device is implemented, the Manufacturer is to demonstrate its effectiveness on site. When
measurement systems are based on strain gauges, temperature compensated strain gauges are to be used.

4.2.2 Stain transducers are to be installed on the hull taking into account the influence of local stresses which may corrupt the
global hull strain values.

4.3 Testing of Hull Monitoring System

4.3.1 The first on-site calibration of the measuring system of hull stresses is to be based on an approved loading case in still water.
The differences between the readings obtained from the Hull Monitoring System and the approved values are to be less than 10
N/mm? or 10% of the reading, whichever is the greater.

4.3.2 This first on-site calibration of the Hull Monitoring System is to be surveyed by the society.
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Section 2 Shaft Monitoring (MON-SHAFT)

1 General

1.1 Applicability of MON-SHAFT notation

1.1.1 The additional class notation MON-SHAFT is assigned, in accordance with Pt A, Ch 1, Sec 2, [6.9.3], to ships fitted with
oil or water lubricated systems for tailshaft bearings, or to ships fitted with pods, complying with the applicable requirements of
this Section.

1.1.2 The assignment of this notation allows a reduced scope for complete tailshaft surveys; see Pt A, Ch 2, Sec 2, [5.5.3].
1.1.3 The requirements of this section apply in addition to those listed in Pt C, Ch 1, Sec 7, [2.4].

1.1.4 Applicable requirements for oil lubricated shafts are given in Article [2].

1.1.5 Applicable requirements for closed loop system fresh water lubricated shaft and open systems water lubricated shafts are
given in Article [3].

1.1.6 Applicable requirements for pods shafts are given in Article [4].

1.2 Documentation to be submitted

1.2.1 The documentation to be submitted for the additional class notation MON-SHAFT is listed in Tab 1 for oil lubricated shafts,
in Tab 2 for water lubricated shafts and in Tab 3 for pods.

Table 1 : Documentation to be submitted for oil lubricated shafts

No. | A/l (1) Documentation
1 A | Shaft line arrangement
2 A | Oil sealing gland
3 | Onboard procedure for measurement of bearing wear, oil sealing gland seals replacement and lubricating oil
analysis, including records
(1) A= to be submitted for approval; I = to be submitted for information

Table 2 : Documentation to be submitted for water lubricated shafts

No. | A/l (1) Documentation
1 A | Shaft line arrangement
2 A | Sealing gland
3 A | Water lubrication piping diagram
4 | Arrangement and procedure to measure the bearing wear
5 A Shaft alignment calculation (see [3.1.6])
6 | Onboard procedure for sealing gland seals replacement and, where relevant, lubricating fresh water analysis,
including records

(1) A= to be submitted for approval; | = to be submitted for information

Table 3 : Documentation to be submitted for pods

No. | A/l (1) Documentation
1 A | Shaft line arrangement
2 A Bilge arrangement in pod
3 | Onboard procedure for:

- collecting temperature and vibration data and their analysis, limits values, and
- lubricating oil analysis
- recording above data

(1) A= to be submitted for approval; | = to be submitted for information
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2 Requirements for oil lubricated shafts

2.1 Arrangement
2.1.1 Oil sealing glands design is to be approved by the Society. Seals replacement is to be possible without shaft withdrawal.
2.1.2 The aftmost bearing is to be fitted with a temperature monitoring system.

2.1.3 The aftmost bearing is to be arranged with facilities for measurement of bearing wear.

2.2 Lubricating oil analysis

2.2.1 Analysis frequency
Provisions are to be made to analyse stern bearing lubricating oil on a regular basis; in any event, the interval between two
subsequent analyses is not to exceed six months.

2.2.2 Records
Provisions are to be made to make the lubricating oil analysis documentation available on board, showing in particular the trend
of the parameters measured according to [2.2.3].

2.2.3 Content of analysis

Each analysis is to include the following parameters:
e Water content

¢ Chloride content

¢ Bearing material and metal particle content

* Oil ageing (resistance to oxidation).

The oil samples are to be taken under service conditions and are to be representative of the oil within the sterntube.

2.2.4 Additional data to be recorded

In addition to the results of the oil sample analysis, provisions are to be made to record the following data on a regular basis:
¢ Oil consumption

* Bearing temperatures.

3 Requirements for water lubricated shafts

3.1 General requirements
3.1.1 Bearing material is to be approved by the Society.
3.1.2 Thetailshaft is to be made of a corrosion-resistant material or protected against corrosion by a continuous liner or cladding.

3.1.3 The bearings are to be arranged with facilities for measuring the bearing wear while the ship is afloat. The relevant
procedure including the maximum permissible wear will have to be submitted.

3.1.4 Sensors are to be provided for the aft bearing and any other bearings not accessible when the ship is afloat, giving alarm
in case of bearing wear exceeding a predetermined threshold. An alarm is to be activated in the event of failure of the position
sensor circuit.

3.1.5 Alternatively, arrangements are to be made for endoscopic examination of the tailshaft surface in particular in way of the
bearings with the shaft in place. The relevant procedure will have to be submitted to the Society.

3.1.6 Where required by Pt C, Ch 1, Sec 7, [3.3.1], the shaft alignment calculations are to be performed for both initial conditions
(new bearings) and conditions of maximum permissible wear according to the bearing manufacturer's recommendations and
deemed satisfactory by the Society.

3.1.7 Sealing glands design is to be approved by the Society. Replacement of seals is to be possible without withdrawal of
tailshaft.

3.2 Additional requirements for forced water lubrication systems

3.2.1 The water pumping system is to include:

e Two pumps

¢ A filtering system designed in accordance with bearing and pump manufacturer requirements

¢ Two independent flow sensors allowing permanent flow monitoring and activating an alarm in case of low flow.

3.2.2 The operating restrictions of the propulsion installation in case of low flow alarm are to be stated.
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3.2.3 Filters are to be cleaned or replaced in accordance with manufacturer recommendations. Records of cleaning and
replacement of filters are to be available on board.

3.2.4 Unless otherwise justified, an interlock arrangement is to be provided to prevent the propulsion starting if sufficient water
flow is not established.
3.2.5 Specific requirements for closed loop forced systems

a) Low and high level alarms are to be fitted on water tank. Operating restrictions of the propulsion installation in case of low/
high level alarms are to be stated

b) Provisions are to be made to analyse chloride content as well as presence of bearing material and other particles within fresh
water piping system on a regular basis.The interval between two subsequent analyses is not to exceed six months. The water
analysis records are to be available on board.

3.3 Datato berecorded

3.3.1 Provisions are to be made to record the following data on a regular basis and keep the records available on board:
e Water flow
* Bearings wear

e Failure alarms.

4 Requirements for pod

4.1 Arrangement
4.1.1 The propeller bearing and the thrust bearing are to be fitted with a temperature monitoring system.
4.1.2 The shaft line bearings are to be fitted with a vibration monitoring system.

4.1.3 The pod is to be fitted with an automatic bilge pumping system.

4.2 Lubricating oil analysis

4.2.1 Analysis frequency

Provisions are to be made to analyse propeller and thrust bearings lubricating oil on a regular basis; in any event, the interval
between two subsequent analyses is not to exceed six months.

4.2.2 Records

Provisions are to be made to make the lubricating oil analysis documentation available on board, showing in particular the trend
of the parameters measured according to [4.2.3].

4.2.3 Content of analysis

Each analysis is to include the following parameters:

e Water content

e Chloride content

e Bearing material and metal particle content

¢ Oil ageing (resistance to oxidation).

The oil samples are to be taken under service conditions and are to be representative of the oil within the sterntube.

4.3 Additional data to be recorded

4.3.1 In addition to the results of the oil sample analysis, provisions are to be made to record the following data on a regular
basis:

¢ Oil consumption
* Bearing temperatures
* Vibration data

¢ Automatic bilge pumping system.
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Section 3 Ice Load Monitoring Systems (MON-ICE)

Symbols

AE : Aftend, as defined in [1.3.2]

FE . Fore end, as defined in [1.3.2]

Hice : Maximum ice thickness, in m, taken as the applicable highest value of the range of thickness provided in NR527,
Sec 1, Tab 2

L : Rule length, in m, defined in Pt B, Ch 1, Sec 3, [2.1.1]

L. . Ship length measured at the upper ice waterline (UIWL), in m

LIWL : Lower ice waterline, as defined in NR527, Sec 1, [1.3]

UIWL : Upper ice waterline, as defined in NR527, Sec 1, [1.3]

1 General

1.1  Application

1.1.1 An ice load monitoring system is a system:
e continuously monitoring ice loads exerted on ship's hull by ice formations
¢ providing real-time data to the Master and officer of the ship on:
- hull local stresses
- hull girder longitudinal stresses (in case of ramming)
- actual ship speed in ice
- vertical and horizontal accelerations the ship experiences while navigating in ice
- ship global positioning
¢ allows the real-time data to be condensed into a set of essential statistical results. The set is to be periodically updated,

displayed and stored on a removable medium.

Note 1: The information provided by the ice load monitoring system is to be considered as an aid to the Master. It does not replace his own
judgement or responsibility.
1.1.2 The ice load monitoring system is to be able to ensure the following main functions:

¢ acquisition of data: hull local stresses, hull girder longitudinal strains (in case of ramming), actual ship speed, vertical and
horizontal accelerations, ship global positioning

¢ data processing: conversion in physical units, scaling, consistency checking, statistical processing and storage of results
¢ display management, handling of alarms and warnings

e detection of faults and malfunctions.

1.1.3 In accordance with Pt A, Ch 1, Sec 2, [6.6.4], ships fitted with an ice load monitoring system complying with the
requirements of this Section, may be assigned an additional class notation MON-ICE as defined in [1.4]

1.2 Reference documents

1.2.1 The following Rule Note is used as reference in this Section:

¢ NR527 Ships operating in polar waters and icebreakers.

1.3 Definitions
1.3.1 For the purpose of this Section, the following definitions are used.

1.3.2 Aftend (AE) and Fore end (FE)
e Aftend AE is defined as the perpendicular to the waterline at the distance L,; aft of the fore end

¢ Fore end FE is defined as the perpendicular to the upper ice waterline (UIWL) at the forward side of the stem

Rules for the Classification of Steel Ships - NR467 July 2026
Pt F, Ch 5, Sec 3
216



Pt F, Ch 5, Sec 3

1.3.3 Hull regions and areas
The hull is divided into regions and areas reflecting the magnitude and frequency of ice loads:
¢ five regions in longitudinal direction:
- bow (region (B))
- bow intermediate (region (BI))
- midbody (region (M))
- stern intermediate (region (SI))
- stern (region (5)).
e four areas
- ice belt area
- lower area
- bilge area

- flat bottom area.

The extent of each hull region and area is indicated in Fig 1.

Note 1: For the units having particular shapes, the extent of regions will be defined on a case-by-case basis, upon the agreement of the Society.

Figure 1 : Hull region and areas locations

0,04 L fore of WL angle = 0 degree at UIWL 0,04 L aft of WL angle = 0 degree at UIWL
WL angle = 10 degrees at UIWL / WL angle = 10 degrees at UIWL
S Sl M Bl B
k / / UIwL
Ice belt
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SI BI

Flat bottom

1.3.4 Polar class ships and icebreakers

¢ Polar class ships are defined as ships assigned one of the additional class notations POLAR CLASS listed in Pt A, Ch 1, Sec 2,
[6.14.2].

¢ Icebreakers are defined as ships assigned one of the service notations icebreaker listed in Pt A, Ch 1, Sec 2, [4.9.2].

1.3.5 Shallow waters

In accordance with NR527, Sec 1, [1.5.1], shallow water may be considered as less than 2 metres keel clearance.

1.4 Additional class notations MON-ICE
1.4.1 Itis responsibility of the Owner to select the appropriate additional class notation MON-ICE defined in [1.4.3].
1.4.2 The notation MON-ICE may be assigned to polar class ships or icebreakers as defined in [1.3.4].

1.4.3 The notation MON-ICE is to be completed by at least one of the following notations:

-G for ships designed to perform ramming and equipped with ice load monitoring system providing data on hull girder
longitudinal (global) stresses

-L(i) for ships equipped with ice load monitoring system providing data on hull local stresses, where i is a (list of) Roman
numeral(s) from I to VII, denoting the ice interaction design scenario. The ice interaction design scenarii are defined in Tab 1.

Example:
MON-ICE -G -L(Il)
MON-ICE -L(VI, VII)
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Table 1 : Definitions of ice interaction design scenarii for ships assigned the notation MON-L (i)

Design scenario i associated to local stress monitoring Description

1 Glancing impact Ships navigating in ice ahead and astern

I | Ramming Ships able to perform ramming

11 | Manoeuvring with pod propulsion system Ships equipped with pod propulsion systems
IV | High speed ice impact Ships navigating with icebreaker assistance

V | Ice grounding Ships operating in shallow waters (see [1.3.5])
VI | Ice compression Ships operating in drifting ice
VIl | Ice ridge breaking Ships breaking through ice ridges

1.5 Documentation to be submitted
1.5.1 The documentation listed in Tab 2 is to be submitted for ships to be assigned an additional class notation MON-ICE.

Table 2 : Documentation to be submitted

No. A/l Documentation Particulars

1 A | Description and metrological characteristics of the sensors and
associated conditioning units

Diagram and functional scheme of the system

Sensors calibration procedures and certificates Including calibration values and tolerances

A
A
A Location of sensors
A

Detection of faults and malfunctions of the system

| Principles and algorithm used for the data processing

| Installation manual

| Maintenance manual

Q||| || ] WD

| Operation manual

10 I List of data to be transmitted to voyage data recorder (VDR)

Note 1: A: to be submitted for approval ; I: to be submitted for information

2 Sensor design

2.1 General

2.1.1 The ice load monitoring system is to be based on sensors designed to carry out the following measurements in time domain:

e measurements of strains in hull structures: the sensors are to be located at one or several areas where the maximum local ice
loads are expected during navigation in ice

¢ measurements of vertical and horizontal accelerations at the bow and actual ship speed in ice

¢ measurements of longitudinal strains in the bottom: the sensors are to be located at one or several transversal sections where
the maximum hull girder stress can be expected during ramming.

2.2 On site calibration of sensors

2.2.1 The sensors are to be selected and installed in such a way that the periodical on-site recalibration can be carried out
without extra equipment.

When this operation is impossible, the Manufacturer is to declare the period and procedure of calibration

2.3 Electromagnetic compatibility and protection against environmental conditions

2.3.1 The sensors and the associated conditioning units are to comply with the applicable requirements concerning
electromagnetic compatibility and protection against environmental conditions. The installation is to comply with the
requirements of Pt C, Ch 3, Sec 5.

2.3.2 The electrical equipment installed in hazardous areas are to comply with the requirements of Pt C, Ch 2, Sec 2, [6] and Pt
C, Ch 2, Sec 3, [10].
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3 System design

3.1 General

3.1.1 The ice load monitoring system is to include at least:
¢ sensors and conditioning units
¢ the global navigation system GLONASS or/and GPS

¢ a computer with the sufficient resources to perform the required tasks in real time (e.g. warnings and alarms are to be given
out immediately)

¢ adisplay unit readable at a distance of at least T m

¢ adata storage unit with a removable medium, allowing for the statistical data to be exploited later
e as option, a data storage unit to record time data series from sensors (see [3.6.1])

¢ an UPS with 30 minutes autonomy.

3.1.2 The system is to be designed to detect, as far as possible the faults and the malfunctions of the system (e.g.):
¢ failure of main source of power

¢ data out of range

¢ data remaining strictly constant (failure of a transducer)

¢ system stops or hangs (the implementation of a watchdog is recommended).

Note 1: The detection of faults and malfunctions will trigger a visual and audible alarm.

3.2 Computer based systems

3.2.1 The design, construction, commissioning and maintenance of computer based systems where they depend on software for
the proper achievement of their functions are to be in accordance with the requirements of Pt C, Ch 3, Sec 3 and are to comply
at least to the requirements for Category Il systems.

3.2.2 Onboard functional tests of the software modules are to be witnessed by the Surveyor.

3.3 Data processing

3.3.1 The system is to be designed in order to measure and process the stresses induced by ship impacts with ice formations and
the accelerations which result from the ship motions as defined in Pt B, Ch 5, Sec 3

3.3.2 Data processing is to be carried with the provision of the following requirements:
¢ analogue low-pass filters are to be used in accordance with the required bandwidth
e the sampling frequency is to be at least 20 times the low-pass filtering frequency

¢ the processing ranges of stress and acceleration are to be fixed in accordance with the calculated stress and acceleration limits
for the ship, and will allow possible overshooting

¢ thesignals are to be processed through a cyclic statistical procedure. The procedure (e.g. peak value, N/10 and N/3 averages,
RMS value, mean value, etc.) will allow to record a set of statistical data for an offline exploitation and to display real time
values for an online exploitation.

3.3.3 Provision is to be made for a connection to a Voyage Data Recorder. The Manufacturer of the ice load monitoring system
is to declare which information would be forwarded to the Voyage Data Recorder.

The physical connection of the ice load monitoring system to the Voyage Data Recorder is to be compliant with [EC 61162-
1:2016, IEC 61162-2:2024, IEC 61162-3:2008/AMD2:2014, IEC 61162-450:2024 standards.

3.4 Datadisplaying

3.4.1 Theice local loads, hull girder stresses and accelerations are to be displayed in real time (e.g. maximum values and current
values). This information is to be declared as “default condition” and displayed at the power up and reset.

3.4.2 When the visual alarm/warnings are emitted in accordance with [3.5], the corresponding information is superimposed on
the above “default condition” displayed.

3.4.3 When the system detects a fault or a malfunction, the corresponding status is to be displayed.

3.5 Alarms

3.5.1 The alarm and warnings levels are to be settled in accordance with the following:

e the alarm levels are to be fixed to 80% of the maximum values of local ice loads and 60% of maximum values of hull girder
ice loads for ramming obtained from the requirements on the basis of which the hull structure is approved

¢ the warning levels are always to be less than the alarm levels defined above.
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3.5.2 The alarms and warning associated with each limit defined in [3.5.1] are to be clearly distinguishable from those relevant
to faults and malfunctions.

3.5.3 When the system detects a fault or a malfunction, the alarms and warnings are to be inhibited and a visual and audible
fault/malfunction alarm is to be emitted.

3.6 Data storage

3.6.1 The time data series are to be stored either by the recording device which is part of the ice load monitoring system, or by
an integrated bridge system, if available.

The storage media used is to have a sufficient capacity to store at least 1 year of time data.

3.6.2 The data storage recording device suitable for accumulating statistical information for feedback purposes is to be able to
store at least 30 days of statistical data depending of ship's operation.

Statistical data are to be recorded in text format easily readable on a PC.

3.6.3 The data storage recording devices are to be:
¢ entirely automatic, apart from the replacement of the removable storage support
¢ such that they do not interrupt or delay the processing of the data.

3.6.4 The recorded data (time and statistical) are to be time dated.

3.7 Exploitation of storage data

3.7.1 The exploitation of the recorded statistical data according to [3.6.2] is let to the responsibility of the owner.

3.8 Checking facility

3.8.1 The ice load monitoring system is to include an auto checking facility so that the verification of the system can be carried
out without the need of external devices.

3.9 Power supply

3.9.1 The ice load monitoring system is to be supplied by the main source of power of the ship through uninterruptible 30
minutes autonomy power source.

4 Requirements for ice load monitoring system components

4.1 General

4.1.1 The components of the ice load monitoring system including data processing, storage, display units and UPS are to be
type-approved in accordance with Pt C, Ch 3, Sec 6 (see also [2.3.1]).

The design of the display unit installed on the bridge is to comply with the requirements of IEC 60945:2002/COR1:2008.

5 Regquirements for sensors installation

5.1 General
5.1.1 The number of sensors is to be enough to be able to ensure the main functions, as defined in [1.1.2].

5.1.2 The number of sensors is to be selected accounting for sensor's measurements range, ship's structure arrangement,
element's scantlings, material properties.

5.2 Installations

5.2.1 The distance between sensors, shell plating and neighbouring gages along the frame is to be sufficient to register the strain
due to expected ice impact load.

5.2.2 The critical level of hull girder bending and shear monitoring are to be in accordance with criteria defined in NR527, Sec
2, [5].

5.2.3 The monitoring zone are to include five adjacent frames or longitudinals within monitoring area.

5.2.4 Direct analyses can be carried out for assessment of critical level of ice impact load.

The load patch is to be applied at locations where the capacity of the structure under the combined effects of bending and shear
are minimized. In particular, the structure is to be checked with load centered at the UIWL, 0,5 H,.. below the LIWL, and
positioned several vertical locations in between.
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Several horizontal locations are also to be checked, especially the locations centered at the mid-span or mid-spacing.

Acceptance criterion for designs is that the combined stresses from bending and shear, using the von Mises yield criterion, are
lower than the yield point R, . When the direct calculation is using beam theory, the allowable shear stress, in N/mm?, is not to
be larger than 0,9 1, , where:

_ Rey

VE

Ren : Minimum yield stress of the material, in N/mm?

5.2.5 Attention is drawn to the possible existence of local strains induced by temperature gradients in the hull structure.
The strain sensors are to be located in areas free from these temperature gradients.

If a temperature compensation device is implemented, the Manufacturer is to demonstrate its effectiveness on site. When
measurement systems are based on strain gauges, temperature compensated strain gauges are to be used and thermal effects
management detailed.

5.2.6 Strain transducers are to be installed on the hull taking into account the influence of local stresses which may corrupt the

global hull strain values.

6 Monitoring areas and sensors location

6.1 General

6.1.1 In accordance with the notations -G or -L(i) assigned to the ship and the applicable ice interaction design scenarii defined
in Tab 1 the location of monitoring areas and sensors are defined in [6.2] to [6.9].

6.2 G notation - Hull girder longitudinal stresses monitoring for ships designed to perform
ramming

6.2.1 The ships intended to perform ramming are to be equipped with the sensors in the flat bottom area of the region (M).

6.2.2 The sensors are to be installed at the distance
¢ 0,5<x/L <0,6 for ahead ramming
e 0,4 <x/L<0,5 for astern ramming.

where:
X : Distance from the aft end (AE), in m

6.3 L(l) notation - Local ice load monitoring for glancing impact design scenario

6.3.1 All ships operating in ice are to be equipped with sensors in the regions (B) or (Bl) complying with the requirements
specified in [6.3.2] to [6.3.3].

If ship can perform astern navigation in ice, the sensors are to be installed in the regions (S) or (SI) complying with requirements
for the regions (B) and (BI) specified in [6.3.2] to [6.3.3].

6.3.2 Sensors location
The waterline length of the regions (B) or (BI) is to be divided into eight sub-regions
are to be calculated with respect to the mid-length position x; for each sub-region.

usn
|

of equal length. The shape coefficient ¢;

The shape coefficient ¢;, in each sub-region is to be obtained from the following formulae:
¢ for the bow region:

X 1A o
¢ = (0, 097 -0, 68[0, 85 ——'J )—‘
Lui ﬁ

¢ for the stern region:

¢ = (0, 097 -0, 68[ﬁ -0, 15]2)&
Lyi NC)
where:
X; . Distance from the aft end (AE) to the section under consideration, in m
o : Upper ice waterline angle to the section under consideration