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DISCLAIMER

The information presented in this publication of the Dynamic Positioning Committee of the Marine
Technology Society (‘DP Committee’) is made available for general information purposes without
charge. The DP Committee does not warrant the accuracy, completeness, or usefulness of this
information. Any reliance you place on this publication is strictly at your own risk. We disclaim all liability
and responsibility arising from any reliance placed on this publication by you or anyone who may be
informed of its contents.
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SUMMARY

Unwanted deviations from the DP system’s redundancy concept are the cause of project delays and
cost overruns and may even reduce a vessel’s post failure DP capability and thus its lifecycle operability.

A DP vessel’s redundancy concept philosophy document contains the design guidelines which ensure
the vessel will achieve its post failure DP capability in defined configurations. The redundancy concept
should be communicated to all stakeholders from an early stage in the development of a DP vessel
design to ensure these guidelines are not inadvertently compromised.

In the early stages of the design approval process, classification societies request a ‘Redundancy
Concept Document’ for their own purposes, but knowledge of the DP redundancy concept is more useful
than class approval alone.

At the MTS DP Conference in Oslo, September 2019, there was unanimous assent that the content and
format of such a document is not clearly defined, and that a competently prepared document could be
used to identify and address issues that may compromise the redundancy concept very early in the
design phase. Such a document could also be used as a tool to communicate the expected redundancy
concept philosophy to all stakeholders.

Thus, the MTS DP subcommittee for Guidance and Standards created this TECHOP to provide
guidance on the preparation of a DP Vessel's ‘Redundancy Concept’ or ‘Redundancy Concept
Philosophy Document’ henceforth abbreviated to RCPD. The RCPD can be used in the early stages to
satisfy classification society requirements for such information and throughout the design approval
process, to aid in the alignment of the multitude of diverse stakeholders who influence the design and
construction of a DP vessel. Alignment with the redundancy concept will help to ensure the vessel is
capable of delivering predictable, incident free, DP operations throughout its operational life.

Graphical examples of DP systems and their subsystems are used to illustrate (in a transparent
manner), the impact of design choices on the verification and validation burden, during the build phase,
and throughout the vessel's operational life. Insights into the effects of such impacts, can be leveraged
to minimise the impact on project objectives.

The RCPD may undergo some iteration as basic design develops into detailed design but major changes
in the fundamentals of the redundancy concept should not be introduced without good reason. Where
such changes are found to be necessary, the impact on the DP system’s redundancy concept should
be carefully evaluated, documented and communicated to stakeholders to ensure objectives are still
being met. The loop is closed on the RCPD by the DP system FMEA. In addition to other requirements,
the DP System FMEA and associated proving trials should verify that that the redundancy concept
described in the RCPD has been implemented by the design. The FMEA should reference the RCPD
and provide a statement of compliance with the objectives described in the RCPD.

The methods described in this TECHOP should be applied to create an RCPD document as defined
herein. This document is not a replacement for a detailed specification and should be created in a
manner that minimises cognitive burden on users and with sufficient transparency to provide a clear
picture of the DP system’s redundancy concept philosophy.
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1.3.2

INTRODUCTION
PREAMBLE

The initial versions of guidance documents on DP (Design and Operations and People) were
published by the MTS DP Technical Committee in 2011, 2010 and 2012, respectively.
Subsequent engagement has occurred with:

o Classification Societies (DNV, ABS)

o United States Coast Guard (USCG)

. Marine Safety Forum (MSF)

J Oil Companies International Marine Forum (OCIMF)

Feedback has also been received through the comments section provided in the MTS DP
Technical Committee Web Site.

It became apparent that a mechanism needed to be developed and implemented to address
the following in a pragmatic manner:

o Feedback provided by the various stakeholders.

o Additional information and guidance that the MTS DP Technical Committee wished to
provide and a means to facilitate revisions to the documents and communication of
the same to the various stakeholders.

The use of Technical and Operations Guidance Notes (TECHOP) was deemed to be a
suitable vehicle to address the above. These TECHOP notes will be assigned the following
categories:

o General TECHOP (G)
. Design TECHOP (D)
o Operations TECHOP (O)
o People TECHOP (P)

TECHOP NAMING CONVENTION

The naming convention, TECHOP (CATEGORY (G /D / O/ P) — Seq. No. — Rev. No.
MonthYear) TITLE will be used to identify TECHOPs as shown in the examples below:
Examples:

o TECHOP (D-01 - Rev1 - Jan21) Addressing C3EI? to Eliminate Single Point Failures
o TECHOP (G-02 - Rev1 - Jan21) Power Plant Common Cause Failures

° TECHOP (0O-01 - Rev1 - Jan21) DP Operations Manual

. TECHOP (P-01 — Rev1 — Jan21) Competency for DP Professionals

Note: Each category will have its own sequential number series.

MTS DP GUIDANCE REVISION METHODOLOGY

TECHOPs as described above will be published as relevant and appropriate. These
TECHOPs will be written in a manner that will facilitate them to be used as standalone
documents.

Subsequent revisions of the MTS Guidance documents will review the published TECHOPs
and incorporate as appropriate.

TECHOP (D-11 - Rev3 - Mar24) RCPD 7
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1.3.3 Communications with stakeholders will be established as appropriate to ensure that they
are notified of intended revisions. Stakeholders will be provided with the opportunity to
participate in the review process and invited to be part of the review team as appropriate.
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SCOPE DEFINITIONS AND IMPACT
SCOPE / OBJECTIVE

Classification societies require submittal of a DP Vessel ‘Redundancy Concept Philosophy
Document’ (RCPD) in the early stages of the design approval process.

Such a DP Vessel redundancy concept document can be leveraged to promulgate a
systems thinking / systems engineering approach. It can aid in the alignment of the multitude
of diverse stakeholders who influence the design and construction of a DP vessel to ensure
it is capable of delivering predictable, incident free, DP operations over its lifecycle.

This document provides guidance on the preparation of a DP Vessel ‘Redundancy Concept
Philosophy Document’ in the early stages of the design approval process.

Graphical examples of DP systems and their subsystems are used to illustrate (in a
transparent manner), the impact of design philosophy choices on the verification and
validation burden, both during the build phase, and throughout the vessel’s operational life.

Insights into the effects of such impacts, over the lifecycle, could be leveraged to influence
design choices in the early stages of the project / build phase where changes could be made
with minimum impact on project objectives.

Note:

1. The RCPD is not intended to be a substitute for the detailed specification of the DP
System.

2. The RCPD should be leveraged to drive the development of the detailed specification.
IMPACT ON PUBLISHED GUIDANCE

None

DEFINITIONS

The following terms are used extensively in the discussion of Redundancy Concept
Philosophy and are thus defined to provide context in this document.

Redundancy Groups: DP systems intended to meet the requirements of IMO DP equipment
classes 2 and 3 are to be single fault tolerant based on the provision of redundant systems.
DP systems complying with these requirements will consist of two or more redundant groups
which are not subject to a common cause of failure. A redundant group is, by definition, able
to develop surge, sway and yaw forces independently of any other redundancy group.

Independent Groups: It is frequently the case in the design of larger DP vessels that there
are several independent DP equipment groups which are not subject to a common failure,
but which can only develop surge, sway and yaw in combination with other independent
groups. This is common in multi-split redundancy concepts. Such groups are more
accurately described as independent groups.

Common Points (X Groups): Components within systems that are shared by more than one
independent group or redundant group may be assigned to a common X-Group of
components. These common points between the redundant or independent groups are fault
propagation paths with the potential to defeat the redundancy concept if not adequately
mitigated by appropriate compensating provisions.

Single Fault Tolerance (of DP systems): Within the scope of design, single Fault Tolerance
is the property of a DP System which allows it to maintain position and heading within a
defined environmental envelope for long enough to safely terminate the DP operation
following the occurrence of a single fault / failure.

TECHOP (D-11 - Rev3 - Mar24) RCPD 9
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235

2.3.6

237

2.3.8

2.3.9

2.3.10

Note: Applicable failure criteria are defined in IMO MSC 645 & 1580 and by classification
society notations.

Single Failure Propagation Analysis (SFPA): SFPA is the formal tabular FMEA process
applied to common points or X groups to determine the effects of failures that may propagate
between redundant or otherwise independent DP equipment groups.

Compensating Provisions: Compensating provisions are applied to common points to
mitigate the effects of fault propagation (prevent drift off). They may include protective
functions such as overcurrent protection and attributes such as fault ride through capability.
They are also applied to mitigate the effects of failures that result in a drive off (e.g., failure
to uncontrolled thrust magnitude or direction).

Verification and Validation: In the context of DP systems, verification is the process of
confirming that a DP system has been constructed to the design. Validation is the process
of confirming the designs achieves its performance objectives and satisfies the requirements
of the specification.

Burden over Lifecycle: The term ‘burden’ is used throughout the text to refer to the effort of
assuring the station keeping integrity of the DP system.

i. The burden of verification and validation of a DP system that has common points in
excess of what is needed or deliberately introduced to achieve specific functionality is
greater than one which follows the principles of autonomy, independence and
segregation.

ii. A DP system that relies heavily on active elements for its fault tolerance requires more
verification and validation effort than a DP redundancy concept based primarily on
passive elements.

Note: Where active elements have been specified to obtain defined benefits (such as
operation of the plant with closed busties) the burden of initial validation and periodic
reverification may be reduced by the installation of:

. Built-in Test Equipment (BITE),
. with Test on Demand capability.

Burden is not only associated with the task of verifying those elements of the system that
the owner (or other stakeholder) has chosen to include in the initial and periodic reverification
process but also relates to the effort that may be required to verify elements of the DP
redundancy concept which end-user charterers identify during vessel intake protocols.

Note: Choosing not to verify an element or attribute upon which the DP system depends for
its fault-tolerance may limit opportunities to benefit from that element if end user charterers
are unable to establish a basis of confidence for such reliance.

For example, designing the power plant to operate with its busties closed without conducting
short circuit and ground fault testing may result in end-user charterers requiring the vessel
to operate with open busties or limiting charter opportunities.

Common cause failures: In the context of DP system FMEAs, the terms ‘common cause
failure’ is used to describe a failure which has the effect of causing malfunction in more than
one redundant equipment group. Each redundant group may malfunction in a different way.
For example, over excitation failure in one generator causes another to trip on field failure.

Common mode failure: Common mode failure is a subset of common cause failure in which
the redundant elements malfunction in the same way. A short circuit fault on a common
power distribution system may cause a voltage dip in all redundant equipment groups which
causes all power consumers to malfunction and trip on undervoltage.

TECHOP (D-11 - Rev3 - Mar24) RCPD
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2.3.11

2.3.12

2.3.13

Failure Mode and Effects Analysis: Failure Modes and Effects Analysis (FMEA) means a
systematic analysis of systems and sub-systems to a level of detail that identifies all
potential failure modes down to the appropriate sub-system level and their
consequences.

Failure Mode: The failure mode is the manner in which something fails. For example, a
cable may fail to short circuit, open circuit or ground fault). These are the modes of
failure.

Failure Effect: The failure effect is the way in which the DP system responds to a particular
failure mode. Where a component or system has several modes of failure the effect may be
different for each failure mode. For example, a cable ‘open circuit’ may cause the loss of a
single consumer. A ground fault may only cause an alarm. A short circuit may cause a
system wide voltage dip that causes multiple consumers to malfunction while the protection
is clearing the fault. This potentially extreme variation in failure effects has given rise to the
use of the terms ‘passive (or benign)’ and ‘aggressive’ failure modes.

TECHOP (D-11 - Rev3 - Mar24) RCPD 1"
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3.3
3.3.1

3.3.2

3.3.3

3.4
3.41

CASE FOR ACTION
INTRODUCTION

The redundancy concept is a critical element of DP vessel design. Experience suggests
that failure to document and communicate the redundancy concept from project outset can
lead to misunderstandings, unnecessary compromises and poor design choices which can:
o Severely impact the vessel’s station keeping integrity.

o Degrade the vessel’s post failure DP capability.

o Compromise its ability to carry out its industrial mission effectively.

o Increase the verification and validation burden beyond the capability of the current
verification and validation practices.
o Impose an unnecessary burden on vessel crew to carry out maintenance and defend

additional barriers and mitigations over the lifecycle of the vessel.

o Potentially reduce the marketability of the vessel to charterers who require strict
compliance with codes, standards (own and Industry) and practices. The assurance
process may raise concerns about the robustness and fault tolerance of the vessel’s
DP redundancy concept.

TRANSPARENCY IN DESIGN PHILOSOPHY

The RCPD should seek to describe the way that single fault tolerance (and any other related
objectives) is to be achieved. The concept should be described in a manner that relevant
stakeholders such as classification societies, integrators, designers and equipment vendors
will be able to understand how the redundancy concept (and its associated performance
expectations) could be impacted by the design and integration choices they make in the
delivery of their own scope of supply.

Note: Class may have their own specification for an RCPD

Although the detailed design may not be concluded at the time the redundancy design
philosophy document is published, there should be sufficient understanding of how the basic
design will be translated into the detailed design.

INTEGRATION

Integration is a critical activity in the development of the detailed design of a DP system. It
is also the point at which there is a risk of compromising the redundancy design intent.

This is most likely to happen when those involved in the integration process make incorrect
assumptions about the redundancy design intent and the means by which fault tolerance is
to be achieved.

The RCPD, when leveraged effectively, could prove to be an effective barrier against the
potential to compromise the redundancy concept during the integration.

EFFECTIVE ASSURANCE ACROSS THE SUPPLY CHAIN
Effective assurance across the supply chain requires that:

. Assurance activities will be carried out by the diverse and relevant stakeholders.
° Verification and Validation is an integral aspect of the Assurance Process.

. A systems engineering / system thinking approach is essential for an effective
Verification and Validation Process.

TECHOP (D-11 - Rev3 - Mar24) RCPD
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3.5
3.5.1

3.5.2

3.5.3

3.6
3.6.1

3.6.2

° It is imperative that all stakeholders have a common understanding of what constitutes
an effective assurance process and their own role in enabling comprehensive
verification and validation at a system/global level.

o The RCPD should be leveraged to set and communicate expectations of the
verification and validation activities associated with the assurance process.

COMMUNICATE CONCEPT TO DIVERSE STAKEHOLDERS

The RCPD should be leveraged as an effective communication and alignment tool across
the diverse group of stakeholders who either influence the redundancy concept or are
impacted by it.

Part of the development process for the RCPD should be to identify and document all such
stakeholders (e.g., Ship Designers / Shipyards (Integrators), Key DP Equipment OEMs and
Suppliers, Vessel Owners, Classification Societies, Independent 3™ Party Assurance
Providers, end user charterers etc)

. It may be a requirement of the classification society approval process.
. It should be required reading before any integration meeting.
. It may be of interest to prospective end-user charterers.

Note: The RCPD can and should do more than just communicate the concept to
stakeholders. It can demonstrate in a transparent manner how the DP system design has
incorporated industry ‘good practice’ and expectations of the diverse stakeholders / end-
users. Making this link in a transparent way will serve as a demonstration of quality control
by design.

APPENDIX F of this TECHOP contains a flowchart that shows how the RCPD could be used
to influence and assist decision making throughout the DP vessel’s lifecycle.

CLASS COMPLIANCE

Classification societies have their own requirements for DP philosophy documents to be
submitted as part of the approval process (which are typically a subset of the requirements
in the RCPD). These documents are specified in their rules and are needed early in the
drawing review process so that the approval engineers can understand the DP redundancy
concept and check the compatibility of the detailed design with that concept.

The RCPD should describe a class compliant design, but it may also describe additional
features or elements of non-critical redundancy (over and above those required by the
specific class DP notation) which are part of the owner’s specification. It is very important
that any such features are clearly identified in the owner’s specification for the build which
is agreed with the shipyard.

TECHOP (D-11 - Rev3 - Mar24) RCPD 13
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4.2.5

4.2.6

4.2.7

ESSENTIAL ELEMENTS OF A REDUNDANCY CONCEPT
PHILOSOPHY DOCUMENT (RCPD)

TECHNICAL GUIDANCE RESOURCES

Development of a reliable, robust and resilient DP redundancy concept requires a working
knowledge of the fundamental concepts of single fault tolerant systems based on
redundancy such as the essential elements of performance, protection and detection.

Guidance on these subjects can be found in publications such as:

° IMO MSC 1580 Guidelines for Vessels and Units with Dynamic Positioning (DP)
Systems, 2017 and its predecessor IMO MSC 645, 1994.

. MTS DP Design Philosophy Guidelines, April 2021.

o IMCA M103, ‘Guidelines for the Design and Operation of Dynamically Positioned
Vessels.

o MTS TECHOP (D-01 — Rev 1 Jan 21) ‘Addressing C3EI* to Eliminate Single Point
Failures (C3EI* - Cross-Connections, Commonality, External Interfaces and
Influences).

SEVEN PILLARS

The RCPD is a narrative description of the DP system design and its objectives, with
particular focus on how single fault tolerance is achieved, supported by graphical
representation of the redundant and functional groups that form the DP system. The use of
color-coded sketches (SLDs and P&IDs) to depict the redundancy concept is essential.

The RCPD leverages the concept of the seven pillars. The Seven Pillars are desirable
attributes in DP system design that help avoid unnecessary commonality, dependencies and
other fault propagation paths. The seven pillars are:

Autonomy

Independence

Segregation

Differentiation

Fault resistance

Fault ride through

Fault tolerance.

No ok~ wDd -~

Autonomy: Build intelligence into main machinery such as thrusters and generators, to
enable the equipment to make itself ready to participate in dynamic positioning with the
minimum amount of external control.

Independence: Major systems and main machinery such as thrusters and generators should
be self-contained and have all the services they require to operate. Such services should be
dedicated to that equipment and not be shared with other equipment even in the same
redundancy group.

Segregation: Minimise the number of cross connections between different redundancy
groups.

Differentiation: Differentiation or diversity can be useful tools where systems are vulnerable
to common cause failures.

Fault resistance: The property of components or systems to retain their operational
capabilities and performance in a challenging environment.

TECHOP (D-11 - Rev3 - Mar24) RCPD
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4.2.8

429

4.2.10

4.3

4.3.1

43.2

4.3.3

44
4.41

Fault ride through: The ability of equipment to continue in operations without malfunction
after being exposed to the effects of failures in equipment to which they are connected.

Fault tolerance: The ability of equipment or systems to continue in operation after suffering
a fault.

APPENDIX D describes the process of cross-referencing the Seven Pillars to design
elements of the functional groups that form the DP system. At this stage in the design
process, it is less important to know which of the pillars has been compromised and more
important to know whether the design is associated with the left pillars or the right pillars.
This can also be visualised as independent or non-independent (common).

IDENTIFICATION OF VULNERABILITIES WITHIN THE REDUNDANCY
CONCEPT

Common points that span the redundancy groups and cross connections that connect the
redundant groups introduce failure propagation pathways which could potentially defeat the
redundancy concept.

It is acknowledged that it may not be possible to eliminate all common points and their
potential fault propagation paths from a fault tolerant DP system based on redundancy.
Some common points are introduced to achieve desired benefits. In such cases, the reasons
for accepting the additional risk should be documented. It is imperative that all common
points, cross connections with the potential to defeat the redundancy concept, should be
identified and subjected to a comprehensive Single Failure Propagation Analysis (SFPA)
which concludes upon on the local and global effect. Particular attention must be paid to
the process of establishing the efficacy of compensating provisions intended to mitigate the
effects of fault propagation. Any such provisions should be carefully analysed and
documented.

Notwithstanding the above, the design should strive to minimize the number and
influence of:

o Unwarranted (avoidable) common points.

. Common points and cross connections that have been introduced deliberately to
achieve a desired functionality.

COMMON POINTS

The term ‘common point’ usually refers to a tangible physical point within a DP system where
two or more redundant groups meet. Unnecessary or unjustified common points should be
eliminated but where common points remain, it is essential they be recorded in the RCPD
so relevant stakeholders understand there is a risk to be mitigated. Common points may be
created by a cross-connection, commonality (shared resources) or by an external interface
to the DP system.

Note: Commonality as referenced in this document includes both tangible physical points
or logical interfaces where two or more redundant groups meet or can be influenced.

TECHOP (D-11 - Rev3 - Mar24) RCPD 15
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4.5.1

452

4.6
4.6.1
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4.7.1

4.8
4.8.1

CROSS-CONNECTIONS, COMMONALITY, EXTERNAL INFLUENCES AND
INTERFACES

Cross connections are one way in which a fault may propagate from one redundant DP
equipment group to another. Cross-connections are often added with the intention of
providing additional redundancy by supplying ‘backup’ power to consumers in one
redundant group from another redundant equipment group. Such arrangements are
common but are generally of limited value due to the potential for negatively impacting the
redundancy concept. The objective of providing additional redundancy can be met by
providing backup power from within the same redundancy group (if there is a desire to
improve reliability / availability).

‘Commonality’ refers to shared resources or attributes — A dual fed thruster introduces
commonality into a DP system. It may also refer to commonality created by an interface to
industrial mission equipment, hotel services, life support and safety systems. These are all
treated as interfaces to the DP systems which may introduce common points and fault
propagation paths. It is not necessary to consider the design of these system beyond their
interface to, and influence on, the DP system and its redundancy concept. More explanation
of these topics is given in the sections on Mission Equipment and Safety Systems below.

MISSION EQUIPMENT

The RCPD is not intended to address the redundancy requirements of mission critical
equipment such as drilling systems, pipelaying systems, diving systems, cargo handling
systems and so on. In other words, systems which are not directly related to station keeping.
There is, however, no reason the same process should not be followed. The RCPD is
intended to consider the interface between the DP system and mission critical / related
equipment to ensure that the interface (power and control) between the two does not
compromise the DP redundancy concept. Therefore, the interface to mission critical
equipment should be described and assessed in an appropriate part of the RCPD such as
that dealing with power distribution for example.

SAFETY SYSTEMS

The RCPD is not intended to assess the vessel’s safety systems, but it is intended to assess
the impact of these on the DP redundancy concept. In particular, the design of safety
systems should not introduce fault propagation paths and the failure modes of safety
systems should not lead to a loss of position and/or heading. There may be one or two very
specific cases where safety requirements ‘appear’ to be in conflict with those of station
keeping integrity. These may be related to equipment such as steering gear and other
essential systems. The rule requirements often originate from IMO’s Safety of Life at Sea
(SOLAS) requirements for cargo vessels etc. and other applications where there is no
requirement for redundancy and single fault tolerance. Classification societies are typically
well versed in resolving these types of dilemmas and it is understood that there is in fact no
case where the requirements of SOLAS and Station Keeping Integrity cannot both be
satisfied. The RCPD is a good place to document the resolution of these dilemmas to
prevent frequent and unnecessary recurrence of issues that has already addressed.

DEPENDENCIES

The term ‘dependencies’ also indicates a shared resource or a relationship in which the
continued operation of one system or element is dependent on another. Unlike
‘commonality’ dependencies may exist within the same redundancy group. Example —
Continued operations of a thruster drive on a closed bus power system following a short
circuit on the power distribution system may be dependent upon its fault-ride-through
capability.

TECHOP (D-11 - Rev3 - Mar24) RCPD
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4.91

410
4.101

MITIGATIONS AND PROCESSES TO ADDRESS THE VULNERABILITY

In circumstances where identified vulnerabilities cannot be eliminated, their effects must be
mitigated to an acceptable degree by the application of compensating provisions. Although
it may not be possible to identify exactly what compensating provision is to be used at the
time the philosophy document is published, it would be prudent to have a high degree of
confidence that:

o The effects can be effectively and reliable mitigated.
. All tertiary effects of the compensating provision are analysed and understood.
o Verification of the compensating provision is possible and practical.

o The lifecycle burden of maintaining and reverifying the compensating provision is not
unreasonable.

ADDRESSING THE LIFE CYCLE MAINTENANCE BURDEN

DP redundancy concepts which rely very heavily on active protective functions, performance
attributes and standby redundancy for their fault tolerance may impose a heavy burden on
the vessel and its crew in the reverification activities over the lifecycle of the vessel. The
vessel’'s station keeping integrity may degrade to unacceptable levels If the necessary
barrier management / barrier maintenance is not applied.

TECHOP (D-11 - Rev3 - Mar24) RCPD 17



TECHOP

5 STRUCTURE OF RCPD
5.1 STRUCTURE
5.1.1 A RCPD takes the form of a short report utilising narrative, tables and sketches to
communicate the important elements of the DP system’s redundancy concept. Appendix A
contains the main body of an example RCPD. Appendices B, C and D of this TECHOP
would become Appendices A, B & C of the actual RCPD document to be developed.
5.2 CONTENT OF RCPD AND RELATIONSHIP TO THIS TECHOP
5.2.1 Table 5-1 describes the recommended content for a RCPD. It should be recognized that
Class Societies may have specific submittal requirements.
Table 5-1 Recommended Content for RCPD
1 Introduction Introduces the reader to the document and
explains its purpose, objectives and intended
readership.
2 Vessel industrial What is the vessel’s industrial mission?
mission(s) (Example — PSV / Construction / Diving /
MODU).
3 Vessel overview Provide information to allow the reader to
visualise the vessel (example — Monohull /
semi sub / jack up— number of engines and
number and type of thruster’s Significant
features. Dual fuel, hybrid power etc.
4 Classification / Provide information on:
Equipment class e Class notations that will impact the DP
system’s design.
e DP Equipment class / Class society / DP
Appendix notation(_s) - (Eggmple —DPclass 3
A vessel with additional DP class 2
of configuration)
TECHOP ¢ Additional notations that may impact DP
(Example — Dynpos ER, ESV-HIL etc).
5 DP System High Level — (Example — Open busties or
Operating closed busties
Configurations Cross over valves for pipework, HFO or MDO
for DP).
6 Codes, Standards Applicable codes, guidance and standards that
and Guidance. influence the redundancy concept, basic
design and the development of the detailed
design — (Example — MTS DP design
philosophy / LIFE concept).
7 Owner’s/End User- Requirements over and above what is required
Charterers by DP class notation — (Example — single
Requirements. generator / single thruster failure criteria with
exemptions from fire flood and bus bar
failures. Critical and non-critical redundancy
and philosophy for use).
18 TECHOP (D-11 - Rev3 - Mar24) RCPD
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Appendix
A

of
TECHOP

Redundancy Design
Intent(s) & Worst-
Case Failure Design
Intent(s).

Redundancy design intent(s) — number of
redundant groups - CAM, TAM(s)

Formal definition of the worst-case failure
design intent(s) in the form:

No single failure as defined for DP equipment class
/ DP notation ... will have a greater effect on the
vessel’s ability to maintain position and heading that
the loss of...For this intent to be valid all equipment
in the DP system must be capable of its defined
performance and all protective functions and
attributes must operate effectively on demand.

Expectations for
verification and
validation.

Expectations for validation testing at FMEA
proving trials and other opportunities. In
particular, any required for testing that may not
be required by the specified class nations —
(Example Short circuit and earth fault testing
on a DP class 2 closed bus power system
FMEA).

10

Conclusions

This chapter brings together important points
that require to be emphasised.

Appendix
B

of
TECHOP

App A

System sketches

A full set of systems sketches covering all
systems within the overall DP system and its
interfaces should be included in an Appendix.
The sketches should:

e Be colour coded to show the splitin the
redundancy concept (there may be several
different splits in some designs)

e Show the redundancy design intent with
particular reference to autonomy
independence and segregation.

e Show the requirement for the mitigation of
the effects of common points.

e Should provide information on the system
redundancy concept to vendors.

Appendix
C

of
TECHOP

App B

List of common
points and their
compensating
provisions

Divergence from autonomy independence and
segregation

Common points in each system or sub system
will be clearly identified in a list of common point
for which there are expectations for SFPA, and
compensating provision. Expectations for
barriers and mitigations will be described.

Appendix
D

of
TECHOP

App C

Adherence to Seven
Pillars.

A table containing each system within the
overall DP system confirming adherence to the
properties of autonomy, independence and
segregation etc.

Note: Appendices E and F of this TECHOP are the RCPD Summary Table and the Process
Flowchart. These are not intended to form part of the actual RCPD document.

TECHOP (D-11 - Rev3 - Mar24) RCPD
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6

6.1
6.1.1

6.2
6.2.1

6.2.2

6.2.3

6.2.4

ASSESSMENT OF REDUNDANCY CONCEPT USING HEAT MAP
PURPOSE OF ASSESSMENT

The last entry in Table 5—-1 above calls for an assessment of the redundancy concept with
reference to the seven pillars. The purpose of this is two-fold:

. To highlight the need for compensating provisions where these attributes are not
present.

. To allow the concept developers to understand the magnitude of the verification and
validation burden they may be imposing on the vessel owner and crew over the life
cycle of the vessel.

The assessment will use a heat map format, with red, yellow, green and grey used to indicate
the degree of divergence form the desirable attributes that form the seven pillars. — An
example is given in Appendix A.

Note: It is accepted that a conscious choice may be made to introduce common points into
the DP systems redundancy concept to obtain desired or sought benefits and advantages.
The assessment will help designers understand the risk they introduce and help to plan for
the development of:

. Compensating provisions.

o Initial and life-cycle verification & validation burden, including testing.

Note: — The heat map follows principles espoused in other MTS TECHORPs and Industry
Guidance Documents such as the OCIMF FMEA Assurance Information Paper.

ADDRESSING ISSUES RAISED BY REDUNDANCY CONCEPT HEAT MAP

The Design Process and Redundancy Concept Philosophy Assessment should be used
iteratively to maximise the extent of ‘green’ systems in the heat map.

Where systems are categorised as yellow or red, it is recommended to:

1. Clearly identify and document the rationale (Why’s) behind the design choices which
results in yellows or reds.

2. Clearly identify and graphically depict systems / subsystems that have vulnerability
due to commonality and cross connections.

3.  Address how verification and validation of redundancy and fault tolerance will be
achieved:

a. During initial verification and validation activities.
b. During periodic reverification activities over the life cycle of the vessel.

The burden of verification and validation and impacts across the diverse group of
stakeholders should not be underestimated.

It is essential that the design of the documentation and records of activities such as Factory
Acceptance Testing (FAT), System Integrated Testing (SIT), Customer Acceptance Testing
(CAT) FMEA Proving Trials, assurance and validation of interface management etc
incorporate the necessary details to facilitate assurance processes of all relevant
stakeholders.

It should be clearly recognized and acknowledged that the impacts of the design choices
manifest themselves not only during the delivery and acceptance of the DP Vessel but over
the entire lifecycle.

Pertinent information from this documentation will need to be incorporated into the
operations manuals, IRM / PMS procedures as well as crew training and familiarization.

20
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7.2
7.2.1

7.2.2

7.2.3

7.2.4

7.2.5

7.3
7.31

7.3.2

7.3.3

ROLES AND RESPONSIBILITIES
PURPOSE

The purpose of this section on roles and responsibilities is to provide guidance on processes
that may be of use at the time the RCPD is being developed. For example:

o DP System Integration™

° Where the DP RCPD sits in the overall project plan and how that might change with
the type of project

. Tools like the RASCI chart can be helpful in establishing and maintaining track of which
particular stakeholders need to be consulted and informed.

Note*: DP system integration is the subject of an ongoing Joint Development Project hosted
by DNV Maritime.

INTEGRATION

Integration is one of the most crucial tasks in any vessel construction project. Failure to
manage integration issues effectively has the potential to impact a project so severely that
the vessel never achieves its design potential. Oversight of the process, as a whole, is a key
factor in the success of the design.

The process of the overseeing and implementing a DP vessel design concept involves many
stakeholders. Consequently, it should be recognized that the ‘contracting philosophy’,
employed at each level of design and the various disciplines involved, directly affects both
the design and execution of the design.

The responsibilities of each stakeholder for a given project should be clearly defined by
contract, communicated to, and understood by all parties involved in the design and
execution of the design. An effective RCPD can assist in communicating design
fundamentals.

While each contract will differ, it is important to understand that it is the responsibility of the
vessel owner to adequately staff the project with sufficient resources in each discipline to
diligently oversee the entire design process as well as the implementation of the design.

While some flag states have extensive design codes in place, it is not uncommon for flag
state rules to defer to one of the class society’s codes for design criteria.

Note: From an integrator perspective, the hold points with class should be clearly identified
and with the lens of industrial mission and VTO / end-user charterer requirements.

ROLE OF THE INTEGRATOR

Although there are several different types of shipyard contract, the equipment specified by
the design must be integrated into a system. Overall responsibility for the effectiveness of
this process lies with the Integrator’.

When the term “Dynamic Positioning System” is used it refers to the fully integrated vessel
systems. There are numerous disciplines, vendors, flag state requirements, class society
requirements and design basis requirements that must be integrated into a fully functional,
fit for purpose’ system.

The integration process must be closely monitored from the basis of design through to the
delivery of the vessel. Design / system reviews at identified points, with the participation of
relevant stakeholders, facilitates the integration process.
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7.3.4

7.3.5

7.4
7.4.1

7.4.2

7.4.3

744

7.4.5

7.4.6

With the exception of a complete design and build contract, the shipyard works from a
conceptual design by others. The shipyard must interpret designs from:

. Naval architects
° System designers
) OEMSs and vendors.

From these interactions, the shipyard will, produce detailed designs across all disciplines,
from which they then fabricate and assemble the hull and systems. Ultimately, the design
must be commissioned and tested as an integrated system per the basis of design.

POTENTIAL PATHWAYS

The decisions and choices made by the integrator can have a significant and lasting impact
on many aspects of the DP vessel's construction and operational life including:

. Performance, operability and maintainability.
. The ease with which the fault tolerance of its DP systems can be periodically reverified.

. The effort required to ensure the vessel can be cleared for operations by end-user
charterers’ vessel intake protocols.

In relation to the role of the integrator, there are two potential pathways that a DP vessel
newbuilding project may take:

o Pathway 1 — The shipyard is the integrator with influence from the ship owner but not
the charterer.

o Pathway 2 — The shipyard is the integrator with the influence of the ship owner and
potential end-user charterer requirements.

In the case of the first pathway, roles, responsibilities and ownership cease at the end of
build phase. In the second pathway, ownership extends through the build cycle and into
operations.

In the case of a speculative newbuild, there is no requirement to consult with the end-user
charterer (as one has not yet been identified) although a prudent vessel owner will familiarise
himself with expectations of prospective clients. Many vessel owners will hope to attract one
or more contracts before the vessel is delivered. In the case of a vessel commissioned for
a specific contract with an end-user charterer in partnership it is usual for there to be a high
level of consultation regarding the developing design. However, in either pathway it's
important that design choices and their impacts are made, understood, and documented in
a transparent manner.

In some cases, a design may be considered so complex that the role of the integrator resides
with one of the major system suppliers. Occasionally this may be the power system
manufacturer or the automation system supplier.

Regardless of the chosen pathway, the vessel project may take, an end-user charterer will
typically become involved at some point. Although they may have more limited opportunities
to influence the design they will typically want to know:

. Whether the design met the specifications?

) If the design is verifiable and can be validated to the contract specification if pathway 2.
) Identify and understand impacts (risks and regrets) of design choices.

22

TECHOP (D-11 - Rev3 - Mar24) RCPD



TECHOP

7.5
7.51

7.5.2

RASCI CHART

RASCI is an acronym of responsible, accountable, supportive, consulted, and informed. It is
used to show the relationship between key stakeholders (roles) within an organisation and
tasks that have to be carried out.

Two RASCI charts are presented below, one for each of the two pathways that a newbuilding
DP vessel project might follow. They are populated as follows:

° R = Responsible — Those who do the work to complete the task.

° A = Accountable — Those that approve the work of the responsible.
° S = Support — Those that help the responsible complete the task.

. C = Consulted — Opinions are sought from the consulted.

. | = Informed — Those kept abreast of progress or developments.

Table 7-1

Speculative Build — No End-User Charterer

Spec Build

Responsible

Accountable

Supportive

Consulted

Informed

RASCI Chart — Pathway 1

TASK

Senior
Management

Shipyard.
Integrator

Class
Society

Naval
Architects

Project

Team s

OEMs

Develop
mission charter

IM Concept
development

Basic design

contract and
procurement

Redundancy
concept
development

Detailed design

Integration

Construction to
Class rules

Construction to
Owner’s spec

S

FMEA

Verification and
validation
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7.6
7.6.1

Table 7-2 Contract Build — End-User Charterer Oversight

Responsible

Accountable

Consulted

RASCI Chart — Pathway 2

Informed

Develop
mission
charter

IM Concept
development

Basic design

contract and
procurement

Redundancy
concept
development

Detailed
design

Integration

Construction
to Class
rules

Construction
to Owner’s
spec

FMEA

Verification
and
validation

KEY FOCUS AREAS

Common points, dependencies, and compensating provisions are key focus areas for the
integrator. There is sometimes an expectation amongst various stakeholders and groups
involved in the design and construction process that common points and vulnerabilities in
the DP system that are created by one group will be mitigated by another. There may even
be a belief that this is the responsibility of others. This approach should be avoided in
preference to an approach in which each OEM, supplier or designer is aware of the
commonalities and dependencies that their systems may introduce and participates in the
development of compensating provisions under the supervision of the integrator.
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Table 7-3 Key Focus Areas — Common Points and Dependencies
Focus Areas for Integrator
Why it is a focus area? —
Which themes does it .
impact? What would be ‘;vgsa:::nt::
FOCUS AREA Design required to burden over Remarks
. address it?
Operation the
People lifecycle?
Process
The
assurance
burden
associated
It is not unusual | with
to find that a operability is
DP vessel does | largely
not meet all of related to
its performance | performance
objectives. testing to Serious errors
DESIGN & OPERATIONS Errors in the confirm post .
Operability — The vessel’s intact and development failure DP can potentially
limits of the post failure DP capability and Capability render a vessel
vessel strongly impacts the implementation | plus testing of _unusable for its
" : intended
vessel’s operability and of a DP any protective | . ;
therefore marketability. redundanc functions mdus}nal
y y ;
mission.
concept are the | alarms
cause of large indications
effects on and or other
vessel post features upon
failure DP which the
capability. fault
tolerance of
the DP
system
depends
Such an impact
DESIGN & PEOPLE - A will be
highly integrated DP challenging to Lack of focus
Inspection system with many common address without can create a
repair and points anq .dependencl:les. exposing the The burden design with high
maintenance may be difficult to maintain vessel to could be high demand for
(demands and W|th9ut an extended _ S|gn|f|ca_mt non- if not reverification
sparing service outage because it productive time. addressed. time or one that
philosophy) yV|II be dlfﬂcul_t to isolate the | Adherence to does not get
impact of maintenance the principles of properly
work to one redundant autonomy reverified.
equipment group. indolence and
segregation.

TECHOP (D-11 - Rev3 - Mar24) RCPD

25



TECHOP

Focus Areas for Integrator

Why it is a focus area? —
Which themes does it

impact? What would be ‘;V;‘::;:nt::
FOCUS AREA Design ;3?;:::: i:?? burden over Remarks
Operation ' the
People lifecycle?
Process
The burden can
DESIGN - A highly be reduced Failure to
integrated DP system with either by properly
many common points and simplification of address the
dependencies will impose a | the design or issues of
Periodic high verification and application of Theldblérdﬁp n | periodic
reverification validation burden. Built in Test f;ou i e NgN | reverification
and revalidation | OPERATIONS: Operations | Equipment Iadnc?ressed could lead to
may be impacted by time (BITE). Test on ' loss of
required for testing and Demand confidence in
also requirement for Capability and end-user
specialist OEM support. a Build to Test charterers.
Philosophy.
Vessel
PEOPLE - Commonality ‘Teston specific
and dependencies create Demand’ training
opportunities for acts of capability and needs may Demands on
maloperations and Healthy to be high on a the vessel
e configuration errors. Operate’ complex operational
Vessel specific Reliance on active functionality design with teams (SOLAS

Training and
familiarisation

elements such as
protective functions require
crew to be familiar with the
role of these functions in
the DP redundancy
concept.

can simplify the
task of the crew
with respect to
periodic and
continuous
verification.

high levels of
commonality
and reliance
on protective
functions and
other active
elements,

Requirements,
IMO
Requirement
Annex B).
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8.1
8.1.1

8.2
8.2.1

8.3
8.3.1

8.3.2

DELIVERABLES
DOCUMENTATION

Deliverables needed to demonstrate that the RCPD has achieved a ‘Systems Engineering’
approach and addressed verification and validation burden throughout the vessel’'s entire
lifecycle. This objective should be achieved by following the guidance in this TECHOP.

OUTLINE CONTENT

The outline content listed below may form the Table of Contents for a DP Redundancy
Concept Philosophy Document for use by all stakeholders involved in developing, validation
and verifying the DP redundancy concept and constructing the vessel and its DP system.
Introduction

Vessel industrial mission(s)

Vessel overview

Classification / Equipment class

DP System Operating Configurations

Codes, Standards and Guidance

Owner’s / End User—Charterer's Requirements

Redundancy Design Intent(s) & Worst-Case Failure Design Intent(s)

9. Expectations for verification and validation

10. Conclusions

11.  Appendix A — System Sketches

12.  Appendix B — List of Common Points

13. Appendix C — Adherence to Seven Pillars (Heat Maps).

DOCUMENTATION FORMAT

It is anticipated that the RCPD would be a narrative document in the form described in this
TECHOP with appendices containing lists of common points, Heat Maps from the
assessment tool and colour coded sketches of the major systems and subsystems
identifying the interdependent / redundant DP equipment groups.

® N OrWN =

Three items are available from the MTS DP committee website to assist in this process.

1. This TECHOP
2. A MS Word™ Template with the major headings for completion

3. A Redundancy Concept Assessment Tool (Seven Pillars Comparator) in the form of
an Excel™ Spreadsheet.
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9.1
9.11

9.2
9.21

9.3
9.3.1

9.4
9.41

9.5
9.5.1

SUGGESTED IMPLEMENTATION STRATEGY
USE OF THE RCPD

The RCPD is intended to be used to assist in the development of basic and detailed design
for newbuildings and major conversions of DP vessels. It was not developed as a tool to
assess or score the redundancy concepts or FMEAs of DP vessels that are already in—
service. There are other more appropriate tools for that purpose such as the MTS DP FMEA
gap analysis tool or the OCIMF DP FMEA Assurance Framework.

Note: This TECHOP features a range of fictional examples in the appendices intended to
illustrate features that could reduce the score from the Seven Pillars alignment tool and
those that could enhance it. The lower scoring examples are not likely to be representative
of the output of an actual RCPD as this tool is intended to ensure that a robust and well
segregated DP redundancy concept is developed. The higher scoring examples are more
presentive of the expected output of the RCPD process.

DEVELOPING THE RCPD

The vessel owner may wish to engaged resources or organisation who are familiar with the
concepts of fault tolerant systems for dynamic positioning systems.

TIME SCALE

The RCPD should be developed at an early stage, and in parallel with, the basic design.
Care should be taken not include too much detail or aspects of the detailed design to avoid
delaying publication of the RCPD. Early engagement with stakeholders maximises the
opportunity avoid remedial work at a later stage.

WHAT IS THE DELIVERABLE?

The deliverable is a Redundancy Concept Philosophy Document in the format described in
this TECHOP.

CLOSING THE LOOP

The RCPD may undergo some iteration as basic design develops into detailed design but
there should not be any major changes in the fundamentals of the redundancy concept
without good reason. Where such changes are found to be necessary, the impact on the DP
system’s redundancy concept should be carefully evaluated, documented and
communicated to stakeholders (according to the RASCI chart where appropriate) to ensure
objectives are still being met. The loop is closed on the RCPD by the DP system FMEA.
The DP FMEA and associated DP FMEA proving trials should verify that that the redundancy
concept described in the RCPD has been implemented by the design. The FMEA should
reference the RCPD and provide a statement of compliance with the objectives described
in the RCPD.
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10 MISCELLANEOUS

Stakeholders

Impacted

Remarks

MTS DP Committee

To track and incorporate in next rev of MTS
DP Guidance Documents.

USCG MTS to communicate.
ABS MTS to communicate.
DNV MTS to communicate.

Equipment vendor community

MTS to engage with suppliers.

Consultant community

MTS members to cascade / promulgate.

Training institutions

MTS members to cascade/ promulgate.

Vessel Owners/Operators

Establish effective means to disseminate
information to Vessel Management and Vessel
Operational Teams.

Vessel Management/Operational
teams

SN NN % % | %

Establish effective means to disseminate
information to Vessel Operational Teams.
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Appendix A — Figure 1
Appendix A — Figure 2
Appendix A — Figure 3
Appendix A — Figure 4
Appendix A — Figure 5

Appendix A — Table 1
Appendix A — Table 2
Appendix A — Table 3
Appendix A — Table 4
Appendix A — Table 5
Appendix A — Table 6
Appendix A — Table 7
Appendix A — Table 8
Appendix A — Table 9

APPENDIX A RCPD EXAMPLES

FIGURES
DPST — Computer Generated Image

Five — Independent Groups
Three — Independent Groups
Overview of Redundancy Design Intent

Two — Independent Groups (Layout of Main Equipment)

TABLES

Vessel Specification

Generator Ratings

Thruster Ratings

Redundancy Design Intent (3 — Groups)
Redundancy Design Intent — (5 — Groups)

Vessel Particulars

Generator Ratings

Thruster Ratings

Redundancy Design Intent (Port / Starboard Split)
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AA1

A1
A1.11

A1.2
A1.21

A13
A1.3.1

A1.4
A1.41

A1.42

EXAMPLE 1 - DPST HIGH COMMONALITY

INTRODUCTION

This Redundancy Concept Philosophy Document (RCPD) has been produced to
communicating important concepts relating to the design of the DP system on the DP class
2 Shuttle Tanker ‘Trendsetter Melody’.

OBJECTIVE

The RCPD is intended to supplement the vessel’s build specification in matters related to
dynamic positioning. The intended audience for the RCPD include all stakeholders involved
with the design and build of the vessel including:

o Classification society

° Shipyard

. Equipment vendors

. 3" party verifiers (FMEA supplier)

o Vessel Technical Operator’s shore—based staff (Owner)

o Vessel crew

VESSEL INDUSTRIAL MISSION(S)

The Trendsetter Melody is to be a DP class 2 shuttle tanker carrying out crude oil offtake
from FPSOs.

VESSEL OVERVIEW

The Trendsetter Melody is the first in a series of six Melody class DP Shuttle Tankers. It is
to be built to classification society rules for rules for DYNA — DP2 and will be registered with
the flag of Shangri-La. The vessel has the following class notation:

A1, Crude Oil Carrier, DYNA - DP-2, Helideck, BLS, AUTO-ICMS

Appendix A — Table 1 provides details of the vessel's main particulars.
Appendix A — Figure 1 provides a vessel overview.

Appendix A — Table 1 Vessel Specification

Name Trendsetter Melody Length O.A. 285.0m

Shipyard TBA Beam 45.0m

Hull/ Project No. TBA Design Draught 18 m

Owner Trendsetter Dead Weight 150000 tonnes

Class/ Class Rules | Classification society Speed Max. 16.0 knots
rules for steel vessels
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A1.5
A1.51

A1.5.2

Appendix A - Figure 1

DP RELATED EQUIPMENT AND MACHINERY

The vessel design includes:

Appendix A — Table 2 provides details of the generators. Appendix A — Table 3 provides

A main engine driving a single controllable pitch propeller with rudder located at the

DPST - Computer Generated Image

stern. The propeller and rudder are integral to the DP capability of the DPST.

A 6.6kV diesel electric power plant consisting of four diesel generators on four
switchboard bus sections, provides power for the thrusters and all auxiliary systems
(including those of the main engine, controllable pitch propeller and the steering gear).

details of the thrusters and main propulsion.

Appendix A — Table 2

Generator Ratings

Red.
Generator No. | Description Power MW Voltage Frequency
Group
G4 Port Outer D 3.0
G3 Port Inner C 5.0
6.6kV 60Hz
G2 Stbd Inner B 5.0
G1 Stbd Outer A 3.0
Appendix A — Table 3 Thruster Ratings
Red.
Thruster Description Power MW Speed Pitch
No. Group
T Bow Tunnel C 25
Thruster
Fixed Variable
T2 Bow Azimuth A 2.5
Thruster 1

App A--2
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A.1.6

A1.6.1

A7

A.1.8

A.1.9

A.1.10
A.1.10.1

A.1.10.2

A1.10.3

Red.
Thruster Description Power MW Speed Pitch
No. Group
T3 Bow Azimuth D 2.5
Thruster 2
T4 Stern Azimuth B 2.5
Thruster
T5 Stern Tunnel C 2.5
Thruster
6 Main Propeller E 16 Fixed Variable
Rudder

CLASSIFICATION NOTATION / EQUIPMENT CLASS
A1, Crude Oil Carrier, DYNA - DP-2, Helideck, BLS, AUTO-ICMS
The design of the vessel’s DP system will comply with:
. IMO MSC 1580 ‘Guidelines for Vessels and Units with Dynamic Positioning Systems’.
. Classification Society notation DYNA-DP2.
DP SYSTEM OPERATING CONFIGURATIONS
The vessel's diesel electric power plant is to be operated in two possible configurations:
o High Performance Configuration — Four independent Power Systems.
o Economy Configuration — Two Independent Power Systems.
CODES, STANDARDS AND GUIDANCE
o IACS CSR — Common Structural Rules for Tankers.

OWNER’S REQUIREMENTS

° Trendsetter functional spec for DPST (Reference Document Number and Revision).

REDUNDANCY DESIGN INTENT(S)

The DP system of the ‘Trendsetter Melody’ is to be designed as five equipment groups which
can be considered to be independent in respect of common causes of failures when the
failure criteria for DYNA-DP2 are applied.

Note: As with IMO MSC 1580, DYNA DP 2 accepts a degree of commonality in the form of
cables, pipework and other passive components. It requires no physical separation of
redundant groups beyond that required for the main class rules. DYNA-DP2 also accepts
use of standby redundancy including dual supplies, auto changeovers and standby starting
and connections of pumps, thrusters and generators.

Appendix A — Figure 2 and Appendix A — Figure 3 show how the diesel electric power plant
for the thrusters and the main engine driven propeller are assigned to three or five
independent equipment groups depending on how the DP system is configured.
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Appendix A — Figure 3 Three — Independent Groups

A.1.10.4 Appendix A — Figure 4 shows the power system and its connections to the main engine
when configured as five independent DP equipment groups. However, the independence of
these groups is heavily reliant on allowances made under DYNA-DP 2.

A.1.10.5 When configured for three independent groups, the bus-tie circuit breakers between C & D
and B & A are closed to create two power systems. Either of these two ‘combined’ power
systems may be lost as the result of a single failure because the redundancy concept does
not require the fitting of protection systems which would allow the combined power system
to be fully fault tolerant with the bus-ties closed.
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Appendix A - Figure 4 Overview of Redundancy Design Intent

Appendix A — Table 4 Redundancy Design Intent (3 — Groups)

Failure Status Thrusters Available Redundancy Type
Intact T1T2T3T4T5T6 Standby

Failure of A&B T1T3TS5T6 None

Failure of C&D T2T4T6 None

Failure of E T1T2T3T4T5 None
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A1.11
A1.111

A1.11.2

A.1.12
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A1.12.3

A1.124

A1.13
A1.13.1

A1.13.2

Appendix A — Table 5 Redundancy Design Intent — (5 — Groups)

Failure Status Thrusters Available Redundancy Type
Intact T1T2T3T4T5T6 Standby

Failure of A T1 T4T5T6 None

Failure of B T1T2T3T5T6 None

Failure of C T2T3T4T6 None

Failure of T1T2T4T5T6 None

Failure of E T1T2T3T4T5 None

WORST CASE FAILURE DESIGN INTENT(S)
For three independent groups the WCFDI is defined as:

No single failure as defined for DP notation DYNA - DP2 will have a greater effect on the
vessel’s ability to maintain position and heading than the loss of independent groups C&D

For five independent groups the WCFDI is defined as:
No single failure as defined for DP notation DYNA - DP2 will have a greater effect on the
vessel’s ability to maintain position and heading than the loss of independent group C.

USE OF THE TERMS 2-SPLIT AND 4-SPLIT IN VESSEL DOCUMENTATION

The terms ‘2-Split’ and ‘4-Split’ are in common usage. The potential for miscommunication
exists as the terms may be used in association with either:

. The vessel’s post failure DP capability (number of independent equipment groups)
° The configuration of the 6.6kV switchboard (bustie status).

‘2-Split’ is used to describe the configuration when the busties between bus sections B & C
and D & A are open and the others are closed. The post-failure DP capability is as defined
for 3 independent DP equipment groups.

‘4-Split’ is used to describe the configuration when all the 6.6kV busties are open. the
WCEFDI is as defined for 5 independent DP equipment groups.

In both configurations, there is a reliance on the integrity of common pipework, protective
functions, changeovers and standby equipment operating upon demand / when required to
maintain the appropriate post worst case failure capacity.

SYSTEM SKETCHES

Appendix D of this TECHOP shows how the redundancy design intent is achieved on a
system-by-system basis. In the actual RCPD document these sketches would also be
included in an appendix to that document.

Seven example redundancy concepts are presented in this TECHOP:

1. Example 1 is based on a DPST design with a high degree of commonality including
changeovers, dual supplies and dependence on standby redundancy. This example
has been chosen because it exemplifies the way in which the Seven — Pillars Heat
Map can be used to visualise the extent and potential impact of such design choices.

App A--6
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A1.14
A1.14.1

A1.15
A.1.15.1

A.1.16
A1.16.1

2. Example 2 is based on the same vessel as Example 1 but in this case the systems
have been modified to show how the commonality can be removed to reduce the
reliance on active elements and therefore the Lifecyle burden associated with periodic
re-verification and satisfying charterer’s vessel intake protocols.

3. Example 3 adds closed busties operations to Example 2.

4. Example 4 is a completely new example based on a Platform Supply Vessel (PSV)
with diesel electric power plant.

5. Example 5 adds closed busties, hybrid power and single generator operation to
Example 4.

6. Example 6 provides an ideal system with a high degree of independence and
segregation along with high robustness.

ADHERENCE TO SEVEN PILLARS

The Seven Pillars comparator in APPENDIX D and the associated heat map provides a
visual indication of the degree of commonality in the DP system as follows:

. Systems which are largely independent of others are shown as green.

. Systems which have commonality which is proven not to compromise the redundancy
concept because there are verified and validated compensating provisions are shown
as Yellow.

. Systems which have commonality which is not mitigated or mitigated by unverified
compensating provisions are shown as red.

DIVERGENCE FROM AUTONOMY INDEPENDENCE AND SEGREGATION

A list of common points was extracted from the system sketches in APPENDIX C. these are
further analysed in the Seven Pillars comparator in APPENDIX D.

EXPECTATIONS FOR VERIFICATION AND VALIDATION

Intention to validate: The owner has specified that the following tests will be carried out
whether or not they are required by the classification society for notation Dyna-DP2:

) All compensating provisions used to address common points will be tested for
effectiveness. In particular:

o Protective functions (electronic, electrical, and mechanical)
. Automatic changeovers

. Diode isolation of dual supplies

o Standby redundancy.

o Short circuit and ground fault testing on all power distribution systems where cross
connections exist.

o Network storm and throughput testing on data communication networks.
o All DP system components will be tested to prove their performance.

Note: In the absence of instructions in the vessel owner’s specification, the shipyard will take
their instruction on what verification and validation testing is required from class. Thus, any
testing not required by the specified DP notation or not carried out as part of established
custom and practice will not be carried out even if arguments can be made for why such
testing is actually required by the class rules.
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A.2
A.2.1.1

A3

A.31
A3.11

A3.1.2

A3.1.3

A3.1.4

A.3.2
A3.2.1

A4

A.41
A4.11

CONCLUSIONS TO RCPD FOR EXAMPLE 1

The DP redundancy concept of the Trendsetter Melody is based on 5 partially independent
DP equipment groups which rely for their fault tolerance on:

. Isolation of the power distribution system at the 6.6kV power distribution level.

. Dual supplies from other independent groups.

o Starting of standby machinery.

o Exemption of certain mechanical components from consideration in the FMEA.

Note: This would be the last chapter in the main body of the actual RCPD document. In this
TECHORP two further variations on this example have been included to show the contrast in
robustness that can be achieved by adherence to the principles of Autonomy, Independence
and Segregation.

EXAMPLE 2 - DPST RCPD LOW COMMONALITY
LIFE CONCEPT

Example 2 has been modified from Example 1 by applying the principles of autonomy,
independence and segregation embedded within the Low Impact Failure Effect (LIFE)
Concept.

The LIFE concept utilises the principle of critical and non-critical redundancy to increase the
reliability of each independent DP equipment group. The terms are defined as follows:

° The loss of critical redundancy will impact the vessel’'s post failure DP capability.

o Non-critical redundancy has no effect on post failure DP capability but improves the
reliability and maintainability of the independent or redundant DP equipment group to
which it is applied.

Marine systems: In the case of marine auxiliary systems this involves providing two 100%
duty /standby pump pairs and two 100% heat exchangers. Unlike Example 1 the pump’s
power supplies both originate within the same independent equipment group. The
philosophy of providing dual pumps is to be able to tolerate failure of a pump and not failure
of its power supply. However, the two pump supplies are arranged from separate distribution
board providing a degree of resilience to local power supply failure.

In the case of control power supplies, it will typically involve adding additional 24Vdc power
supplies or additional UPS, all within the same independent equipment group.

DESIGN CHOICES
The benefits of adding non-critical redundancy can be:

o Project specific (influenced by Industry Mission).
. Design specific (a design with a large number of thrusters).
o System specific (some systems are less reliable than others).

EXAMPLE 3 -DPST RCPD LOW COMMONALITY CLOSED BUSTIES
MAIN ENGINE AUXILIARIES

A significant part of the commonality in Example 1 was associated with power supplies from
other DP redundancy groups supplying power to main engine auxiliary systems. Attempts
were made to address this to some extent in Examples 2 but because the Main Engine has
no independent power source for its auxiliaries it will always be dependent on power from
other DP redundancy groups.

App A--8
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A.6
A.6.1.1

A7

A7.11

AT71.2

A713

A7.14

HYBRID POWER FOR THE MAIN ENGINE

There are several ways in which the main engine could be made truly independent in terms
of its electrical power supply such that it can be considered an ‘Independent DP Equipment
Group’:

o Shaft Generator.

o Dedicated Main Switchboard Section and Main Generator.

o Dedicated auxiliary generator with stored energy from another redundancy group.

o On loss of the other redundancy group the small auxiliary generator starts while the
stored energy keeps the main engine’s auxiliaries running. In this arrangement there
is no transfer to another redundancy group and therefore reduced risk of fault
propagation.

Notes:

1. For certain DP notations the stored energy systems dedicated to the main engine would
have to be dimensioned to allow the DP Shuttle Tanker to safely suspend its operations
with an acceptable margin for error.

2. The possibility of using the emergency generators in the role of the small diesel
generator is something that could be explored but may fall foul of main class
requirements unless additional safequards are incorporated.

EXAMPLE 4 - PSV

Example 4 is a conventional low voltage diesel electric platform supply vessel design. The
Trojan Warrior, as it is called, has many of the common points found in vessels of this type
and which are known to cause DP incidents.

EXAMPLE 5 - PSV WITH HYBRID POWER PLANT

Example 5 is a development of Example 4 which adds hybrid power and single generator
operation to the design in Example 4. It could be typical of an upgrade for hybrid power.

EXAMPLE 6 - ‘IDEALISED’ DP2 PSV DESIGN WITH MINIMAL
CROSS CONNECTIONS

Example 6 is a conventional diesel electric PSV wherein the system has been designed with
a high level of independence and segregation so as to minimise cross connections and
commonalities thus limiting fault propagation pathways.

This is a bespoke, ‘idealised’, design to illustrate the RCPD process and is not based on any
of the previous examples.

The vessel has a conventional PSV hull form with engine room, bridge and accommodation
forward and cargo stores and working deck aft.

Appendix A — Table 6 below provides details of the vessel's main particulars.

Appendix A — Table 6 Vessel Particulars

Name Captain Waves Length O.A. 84.0m

Shipyard TBA Beam 18.0m

Hull/ Project No. TBA Design Draught 7m

Owner Trendsetter Dead Weight 4300 tonnes

Class/ Class Rules | Classification society Speed Max. 14.0 knots
rules for steel vessels
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A7.31

A74
AT7.41

DP RELATED EQUIPMENT AND MACHINERY
The vessel design includes:

. A 690V diesel electric power plant consisting of four diesel generators on two
switchboard bus sections that provides power for the thrusters and all auxiliary
systems.

Appendix A — Table 7 provides details of the generators. Appendix A — Table 8 provides
details of the thrusters and main propulsion.

Appendix A — Table 7 Generator Ratings

Generator No. Description Red. Power Voltage Frequency
Group
G1 DO G 11 PS 1100kW | 690V 60Hz
G2 DO G 16 PS 1600kW
G3 DO G 16 SB 1600kW
G4 DO G 11 SB 1100kW

Appendix A — Table 8 Thruster Ratings

Thruster I Red. .
Description Power Speed Pitch
No. P Group P
T1 PS
\évlsaterMover MP100 1400kW | 1100rpm
T2 SB
T3 PS Fixed
WaterMover BT60 FP 650kW | 1400rpm Ixe
T4 SB
PS/
T5 WaterMover RT40 FP SB 450kW | 1200rpm

CLASSIFICATION NOTATION / EQUIPMENT CLASS

A1, DPOS - DP2, AUTO-ICMS NAUT(OSV), Crane, Platform supply, Clean (Design), ERO,
Recyclable, COMF(C-crn)

The design of the vessel's DP system will comply with:

o IMO MSC 1580 ‘Guidelines for Vessels and Units with Dynamic Positioning Systems’.
. Classification Society notation DPOS-DP2.

DP SYSTEM OPERATING CONFIGURATIONS

The DP system is designed to operate in a single configuration for DP:

690V MSB BT1 & BT2 OPEN

440V MSB BT3 & BT4 OPEN

230 V MSB BT5 CLOSED, BT6 OPEN

230 VESB ESB supplied from PS via BT5

G1, G2, G3 & G4 ONLINE

T1,T2, T3, T4, T5 Selected to DP, T5 to Starboard side

App A--10
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A.7.5

A.7.6

A.7.7
AT7.7A1

AT7.7.2

AT7.73

AT7.74

Port and starboard split on suction and discharge side of pumps.

SW coolin
9 All cross-over valves closed.

Port and starboard systems isolated by closure of cross-over
Fuel systems

valves
FW cooling Port and starboard systems split with cross-over valves closed
Lube oil All valves to be closed for DP operations
Compressed air All cross-over valves closed
HVAC All systems in operation

CODES, STANDARDS AND GUIDANCE
. IACS RU-Ship — Common Structural Rules for Steel Ships.

OWNER’S REQUIREMENTS

° Functional spec for low commonality PSV (Reference Document Number and
Revision).

. MTS DP Design Philosophy Guidelines.
. MTS TECHOPs.

REDUNDANCY DESIGN INTENT(S)

The DP system of the ‘Captain Waves’ is to be designed as two (port and starboard)
equipment groups which can be considered to be independent in respect of a common
causes of failures when the failure criteria for DPOS-DP2 are applied.

Note: As with IMO MSC 1580, DPOS-DP2 accepts a degree of commonality in the form of
cables, pipework and other passive components. It requires no physical separation of
redundant groups beyond that required for the main class rules DPOS-DP2 does not accepts
standby redundancy as contributing to post failure capability though it can be installed to
improve reliability.

Appendix A — Figure 5 shows how the diesel electric power plant for the thrusters is divided
into two independent and redundant equipment groups.

There is a changeover thruster (T5) that has been designed to ensure minimal
commonalities and no propagation of failure effects. Changeover is not considered to
contribute to post failure capability. It is normally assigned to the starboard power system.
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Appendix A - Figure 5 Two — Independent Groups (Layout of Main Equipment)
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Appendix A — Table 9 Redundancy Design Intent (Port / Starboard Split)

Failure Status Thrusters Available Redundancy Type
Intact T1T2T3T4T5 Active
Failure of A T2T4T5 None
Failure of B T1T3 None

WORST CASE FAILURE DESIGN INTENT(S)
The vessel's Worst Case Failure Design Intent is defined as follows:

No single failure as defined for Class notation DPOS-DP2 will have a greater effect on the
vessel’s ability to maintain position and heading than the loss of the starboard side of the
Main Switchboard (including T5).

° This intent applies in all defined power plant configurations.

. For this intent to be valid, all equipment must be capable of its defined performance
and all protective functions must operate successfully on demand.

EXPECTATIONS FOR VERIFICATION AND VALIDATION
The following tests will be carried out whether or not they are required by DPOS-DP2.

All compensating provisions used to address common points will be tested for effectiveness.
In particular:

. Protective functions (electronic, electrical, and mechanical)
. Automatic changeovers

° Diode isolation of dual supplies

o Standby redundancy.

Network storm and throughput testing will be carried out on data communication networks.
All DP system components will be tested to prove their performance.

Note: In the absence of specific instructions in the vessel owner’s specification, the shipyard
will take owner’s instruction on what verification and validation testing is required.

Thus, testing may be required even if:

. It is not specified in the rules for the DP notation.
o It is not carried out as established custom and practice.
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B.1.1
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B.1.2
B.1.2.1

B.1.2.2
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B.1.7
B.1.7.1

EXAMPLES 12 3 & 4 INTRODUCTION TO SYSTEM SKETCHES
GENERAL

Several sets of example sketches are presented:

. Example 1 — High commonality
. Example 2 — Low commonality
o Example 3 — Low Commonality — Closed Busties.

Note: All three examples above are shown in Five-Independent group configuration.

o Example 4 — Dual fed thruster
) Example 5 — Dual fed thruster and hybrid power
o Example 6 - ‘idealised’ Low Commonality design to illustrate RCPD concept.

EXAMPLE 1

The schematics that follow show the commonality introduced into selected subsystem of the
DP system by the use of common pipework, heat exchangers and standby redundancy.

The presence of the colour associated with more than one redundancy group reveals the
lack of autonomy, independence and segregation.

EXAMPLE 2

The schematics for Example 2 show much of the commonality can be designed out by
adherence to the principles of autonomy, independence and segregation. A more robust
redundancy content can be developed which reduces the burden of periodic verification and
also the opportunity for fault to propagate through maloperation.

EXAMPLE 3

Example 3 takes the concept of independent systems developed in Example 2 even further
but adds Closed Busties configuration to the list of features in the redundancy concept.
Although single fault tolerance in closed busties operation relies on a comprehensive range
of protective functions, the verification and validation burden need not be onerous when
applied to a redundancy concept that is a fully autonomous, independent and well-
segregated in all other respects.

EXAMPLE 4

Example 4 is an entirely new vessel example typical of diesel electric platform supply vessels
or a small construction vessel with a dual fed thruster forward.

EXAMPLE 5

Example 5 is an upgrade to Example 4 adding hybrid power in the form of a Battery Energy
Storage System.

EXAMPLE 6

This is an additional example created to illustrate an ‘idealised’ vessel design which would
minimise cross connections and commonalities to achieve a high degree of independence
and segregation. This example was requested by the DP community at the MTS workshop
in Houston and is not based on an existing DP vessel design but utilises the same
philosophies described in this RCPD TECHOP.
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B.2.1
B.2.1.1

B.2.1.2

SCHEMATICS - EXAMPLE 1

POWER DISTRIBUTION SYSTEM (FIVE INDEPENDENT GROUP CONCEPT)

Appendix B — Figure 1 shows the 6.6kV, 440V and 220V power distribution systems. There
are four 6.6kV and four 440V bus sections, the majority of auxiliary systems for all groups
are powered from the centre sections designated ‘Groups B and C'.

A feature of concentrating all the auxiliary services on just two of the four switchboards is
that redundancy and fault tolerance is heavily reliant on standby redundancy. In particular,
there are seven pumps supplying services to the main engine that must changeover on loss
of the normal supply. The potential for hidden failure leading to effects of a severity
exceeding that defined by the WCFDI is addressed by periodic testing.
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Ex1 — Power Distributions Systems — Single Line Diagram
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B.2.2 GENERATOR AND MAIN ENGINE FUEL SYSTEM

B.2.2.1 The vessel’s fuel system is shown in Appendix B — Figure 2 and Appendix B — Figure 3. The
power plant is designed to operate on several different types of fuel including:

o Diesel Oll DO
. Low Sulphur Diesel Oil LSDO
. Heavy Fuel Oll HFO
° Low Sulphur Heavy Fuel Oil LSHFO
B.2.2.2 In normal operation (including DP) the engines burn either Heavy fuel Oil or Low Sulphur

Heavy Fuel Qil. In this configuration all fuel is sourced from a single service tank for all diesel
generators. Thus, a potential common mode failure exists associated with the fuel itself.
Redundancy is provided by a common ‘Emergency Diesel’ supply from an air driven pump
which will operate on failure of the Heavy fuel Oil supply or during blackout recovery.

° All fuel processing for HFO / LSHFO is dependent on groups B or C.

o The emergency DO supply line also form a common point.
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Appendix B — Figure 2 Ex1 — Fuel System for Diesel Generators

Note: In the schematic above, the colours applied to pipework are used to indicate the fuel
type not the redundancy group.
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B.2.2.3 Appendix B — Figure 3 shows the main engine fuel supply system.
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Appendix B — Figure 3 Ex1 — Fuel System for Main Engine

B.2.24 There are two fuel processing modules within the auxiliary generator fuel systems and a
third for the main engine. All fuel processing for HFO / LSHFO is dependent on groups B or
C and is configured as shown in Appendix B — Figure 4.
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Appendix B - Figure 4 Ex1 — HFO / LS HFO Fuel Processing (Typical)
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B.2.3
B.2.3.1

B.2.4
B.2.4.1

FUEL HEATING FOR HFO

Heavy Fuel Oil heating is by steam. The steam system is based on boilers and has
redundancy in technical design but there is commonality in pipework which allows
operations and a common system or a two-way split. In the event of steam system failure,
the engines can transfer automatically to MDO.

GENERATOR 3 & 4 FRESHWATER COOLING SYSTEM

Appendix B — Figure 5 shows the G3 & G4 (Group C&D) Freshwater cooling system. This
system also serves T4 in Group B. Commonality introduced by pipework heat exchangers
pumps and remotely controlled valves is addressed by planned maintenance and periodic
testing.
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Appendix B — Figure 5 Ex1 — G3 / G4 Freshwater Cooling System
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B.2.5 GENERATOR 1 & 2 AND MAIN FRESHWATER COOLING SYSTEM

B.2.5.1 Appendix B — Figure 6 shows the main FW cooling system. This system serves three of the
five ‘independent’ DP equipment groups. Commonality and reliance on standby redundancy
so introduced, is added to the list of dependencies to be addressed by planned maintenance
and periodic testing.
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Appendix B — Figure 6 Ex1 — Main Freshwater Cooling System (unrelated parts removed for clarity)
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B.2.6 FORWARD FRESHWATER COOLING SYSTEM

B.2.6.1 Appendix B — Figure 7 shows that the forward FW system serves three of the five
‘independent DP equipment groups. Addressing the risks posed by this commonality adds
to the burden of periodic testing and planned maintenance.

—{><+— DECK HPU

—D><+— BLSHPU —D<—

T2

AZ|
LO COOLER

T2

< AZ| <
MOTOR

COOLER

T3
< AZ| <
LO
COOLER

FW

T3
< AZ| <
MOTOR
COOLER

TOsSwW
SYSTEM
FWD

»
»
>

T

< TUNNEL <
MOTOR

COOLER ya \v"\

SwW

e I e e e M

Lot e b
[}
<

POTENTIAL
HIDDEN
FAILURE

Appendix B — Figure 7 Ex1 - Forward Freshwater Cooling System
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B.2.7 GENERATOR MAIN AND FORWARD SW COOLING SYSTEM

B.2.7.1 Appendix B — Figure 8 shows the seawater systems are not divided along the lines of the
redundancy concept and neither are the freshwater cooling systems they serve.
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Appendix B — Figure 8 Ex1 — Main and Forward SW Cooling System
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B.2.8 LUBRICATING OIL SYSTEM

B.2.8.1 Appendix B — Figure 9 shows the Lubricating Oil transfer and purification system is common
to all four diesel generators. Procedures and oil sampling are used to mitigate the effects of
the commonality so introduced.
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Appendix B — Figure 9 Ex1 — Lubricating Oil Transfer and Purification System
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B.2.9 COMPRESSED AIR SYSTEMS

B.2.9.1 Appendix B — Figure 10 shows the compressed air systems are common to all four diesel
generators. The commonality so introduced is mitigate by the fail-safe nature of the
equipment served by the compressed air systems. Engines and thrusters all continue to
operate without compressed air. Risks associated with overpressure are mitigated by

pressure relief valves.
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Appendix B - Figure 10 Ex1 — Compressed Air Systems
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B.2.10
B.2.10.1

110VDC & 24VDC CONTROL POWER

Appendix B — Figure 11 shows the 110Vdc and 24Vdc control power distribution systems.
This system is based on two independent groups. Compliance with the WCFDI for the 5-
Group concept is achieved by the use of cross connections. These cross connections
provide the backup control power source, but they also introduce significant fault
propagation paths. Proving that the effects of all failure modes of the control power system
remain within the severity of the WCFDI is not traditionally required for Dyna DP2 and is not
usually analysed in the DP System FMEA.

Note: Doubts about whether or not these cross connections are a threat to station keeping
integrity continue to plague the vessel during charterer’s intake processes until the control
power system is eventually modified to include a further two independent control power
supplies.
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B.2.11 REMOTE VALVE CONTROL SYSTEM

B.2.11.1  The vessel has an extensive remote valve control system. A small part of that system is
dedicated to the control of the fuel cut off valves for the power plant fuel transfer and storage
system shown in Appendix B — Figure 12. Both the pneumatic supply and the control power
are common to all the diesel generators. Dyna DP2 does not traditionally require the FMEA
and proving trials to prove there is no single point failure in valve control cabinet that could
cause all fuel valves to close as the result of a single point failure.
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Appendix B — Figure 12  Ex1 — Fuel Quick Closing Valves
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B.2.12 DATA COMMUNICATION NETWORKS

B.2.12.1  Appendix B — Figure 13 shows the data communication networks are arranged as a dual
redundant data highway. A dual-star type arrangement is used with Network Distribution
Units connected by a Fibre Optic backbone. Every field station and operators station form
a common point between the A network and the B network, and each network is connected
to every data consumer / producer in the DP System. Despite the very significant
commonality the verification and validations carried out for Dyna DP2 does not traditionally
include Network Storm testing to prove the protection against common mode failures is
effective. Nor does it require any performance testing to prove both networks are capable of
their rated performance. No compensating provisions have been developed to address this
potential common mode failure.
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Appendix B - Figure 13  Ex1 — Data Communication Networks
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B.2.13
B.2.13.1

B.2.13.2

B.2.13.3
B.2.13.4

B.2.13.5

B.2.13.6

DP CONTROL SYSTEM

Appendix B — Figure 14 shows the DP control system. It is produced by an established DP
control system manufacturer. It benefits from a very large installed base which allows some
conclusions to be drawn about its reliability. The DP control system is arranged as a duty /
standby unit with the online and offline controller sharing all the 1/0 and the communication
networks to the thrusters.

Fault tolerance is based on protective functions which:

. Identify when the online controller is failing and trigger a change to the standby
controller.

. Detect an errant position reference system or sensor and reject it before it can
destabilise or corrupt the position and heading solution.

Extensive use is made of the model-based protection.

Within the hardware architecture there are a number of common points associated with data
communication and power supplies.

The verification and validation traditionally performed for Dyna DP2 includes type approval
of the DP control system but does not include testing a comprehensive set of failure modes.

Function testing and limited testing of changeovers and dual supplies forms the bulk of the
testing traditionally done to verify fault tolerance.

Note: The word RED in the figure below is a reference to the Redundancy Net or RED Net
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B.3

B.3.1
B.3.1.1

B.3.2
B.3.2.1

B.3.3
B.3.3.1

SCHEMATICS - EXAMPLE 2
INTRODUCTION

The actual RCPD to be delivered to stakeholders would typically contain only one example
redundancy concept (though it may have undergone several iterations and include several
possible configurations). However, for the purposes of this TECHOP two additional
variations on Example 1 have been included.

. The second example addresses some of the identified common points in Example 1
to show how the same systems could be redesigned to remove common points and
fault propagation paths to produce a DP system which is more robust with less reliance
on active elements for its fault tolerance. It also has a much-reduced periodic test and
maintenance regime. The competence and transparent nature of its verification and
validation process proves beneficial during charterers’ intake processes.

. The third example examines the impact of adding closed busties operation to an
already autonomous and well segregated system.

MODIFICATIONS TO EXAMPLE 1

The sections that follow show changes made to Example 1 to create Example 2. Systems
not shown remain unchanged. However, in this example the Vessel Technical Operator
(VTO) has a strong commitment to autonomy, independence and segregation combined
with robust verification and validation processes.

POWER DISTRIBUTION SYSTEM (FIVE INDEPENDENT GROUP CONCEPT)

Appendix B — Figure 15 shows how the principles of autonomy independence and
segregation have been applied to the same four generator, four main switchboard
arrangement to produce the highly autonomous design below. This design has much less
reliance on active elements for its fault tolerance and significantly lower levels of
commonality.
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Appendix B — Figure 15  Ex2 — Power Distribution System (5 Groups)

B.3.4 AUTONOMOUS GENERATORS AND THRUSTERS

B.3.4.1 Autonomous designs lend themselves to the development of compact self-contained
generators and thrusters which are modular in nature. This has the effects of:
) Creating well defined and easily understood system boundaries.
o Minimising the interface to other systems.
o Minimising the number of potential fault propagation paths.
o Reducing the opportunity for configuration errors.
o Minimising the number of integration issues.

o Maximizing the opportunity for pre-assembly, pre-commissioning and testing at an
advanced stage of completion.

o Reducing the verification and validation burden and simplifying the FMEA process.
. Reducing the periodic reverification burden.

B.3.5 TREATMENT OF THE MAIN ENGINE

B.3.5.1 DP shuttle tankers will typically have a large low-speed main engine for use during transit.
From a DP perspective the main engine, CPP and rudder are treated as a transferable
engine driven thruster which is intended to be independent in so far as it should only ever
fail on its own and not with any other thruster.
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B.3.5.2

B.3.5.3

B.3.5.4

B.3.5.5

B.3.6
B.3.6.1

Difficulties in creating a truly autonomous design arise when the main engine has no
dedicated independent source of electric power. In such designs the main engine power is
supplied from the main power generations system by way of duals supplies, auto
changeover or duty-standby pump arrangements. All these methods introduce potential fault
propagation paths or increase exposure to hidden failures. They also increase the initial
verification and reverification burden.

Other methods to improve main engine autonomy include:

. Dedicated diesel generator set.
. Shaft generator via a PTO.

o Limited energy storage to improve ride-through capability and reduce reliance on
standby starting of consumers.

The method used in Example 2 is based on the use of variable speed pumps operating in
parallel such that there is no duty standby function. On loss of one running pump the other
running pump will assume the entire cooling function. This is analogous to an online
generator assuming the load of a tripped generator operating in parallel.

It may not be possible or even desirable to remove all common points from a DP system
design as some are there to provide identified benefits. However, reducing the number of
unnecessary cross connections and common points allows a finite verification and validation
effort to be focused on those that must remain. This approach increases the likelihood of
successfully mitigating or eliminating associated risks.

FUEL SYSTEM

Appendix B — Figure 16 and Appendix B — Figure 17 show a fully segregated fuel system
with all commonalities removed. The need to provide storage for such a wide variety of fuel
types makes the fuel supply system look more complex than Example 1. The number of fuel
processing units is increased but the need for a common emergency diesel system is
removed as each engine can switch independently to diesel fuel at any time if required.
Some classification society DP notations would require such a design. Where full
segregation is not a requirement, some rationalisation of fuel supplies may be warranted
with increased focus on fuel quality. Similarly, a more limited range of fuel grades would
simplify the design where possible.
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Appendix B — Figure 16  Ex2 — Main Engine Fuel System
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B.3.7 FUEL HEATING FOR HFO

B.3.7.1 Heavy Fuel QOil Heating is by steam. The steam system is based on boilers and has
redundancy in technical design and is segregated in a manner that matches the five-way
split in the redundancy concept. The engines can transfer automatically to MDO on loss of
fuel heating but there is now no longer a single failure that can have this effect on more than
one engine.

B.3.8 110VDC & 24VDC CONTROL POWER (FIVE INDEPENDENT GROUP CONCEPT)

B.3.8.1 Appendix B — Figure 18 shows a fully segregated control power supply system. Additional
robustness has been added by providing the 24Vdc section with its own stored energy. If
the main engine does not have its own power generations, then it may be necessary to focus
attention on proving a fully fault tolerant supply from other DP equipment groups.

44V LV 4 44V LV 3 440 LV 4 44V LV 3

=
S
11
=
5
[
[y
T
[ |1
3
5
[}
=
5
[}
B
S
I..
3
5
[
|

OPEM OPEN OPEN
5.6k 5.6kV 86KV 8.6k
SWED SWBD SWED SWED
D c B A
24vDC [ 24vDC | 24vDC | 24vDC |

6.6k 6.6k 6.6k 6.6k
SWBD SWBD SWBD SWBD
B

o c A

| T ST S

f I f |

BUSTIE BUSTIE BUSTIE BUSTIE
4 3 2 1

Appendix B - Figure 18 Ex2 — 110Vdc and 24Vdc Control Power
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B.3.9 QUICK CLOSING VALVES

B.3.9.1 Appendix B — Figure 19 shows a revised system for the fuel system QCVs. In this design
the common air supply has been proven to be acceptable because of the fail-safe nature of
the valves on loss of air pressure. The risk of a single point failure within the control cabinet
commanding all the valves to close has been addressed by ensuring that valves for more
than one independent DP equipment group are not located on the same I/O card.
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Appendix B — Figure 19  Ex2 — QCV Control Power and signal

B.3.10 MAIN SEAWATER COOLING SYSTEM

B.3.10.1 Appendix B — Figure 20 shows the revised main seawater cooling system. Some
commonality has been retained in this design as it is accepted that the risks and
consequences of pipework failure in a seawater system are lower and there is typically a
substantial time lag before the effect of failure is felt in the freshwater cooled systems.
However, the revised system has redundancy in overboard discharge and the ability to
segregate a faulty section. It also provides for dedicated duty standby pumps and heat
exchangers removing reliance on active elements and exposure to hidden failures compared
to the design in Example 1.

B.3.10.2 In a fully segregated system, it is not necessary to provide a standby pump from a DP
redundancy concept perspective however it may improve the operability and maintainability
of the system to do so, and cooling water pumps and heat exchanges are relatively
inexpensive items if specified in the build contract. Providing a second pump where none is
required for redundancy is an example of non-critical redundancy. Critical and non-critical
redundancy are defined as follows:

o Failure of Non-critical redundancy has no effect on post failure DP capability.

o Failure of Critical redundancy will either reduce or remove a DP vessel’s post failure
DP capability.
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Appendix B — Figure 20 Ex2 — Main Seawater Cooling System
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B.3.11 FORWARD SEAWATER SYSTEM

B.3.11.1  Appendix B — Figure 21 shows the revised forward seawater cooling system. This design
has full segregation and lends itself to a modular self-contained approach. As with the main
seawater system, the use of non-critical redundancy is not essential but improves operability
and maintainability.
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Appendix B — Figure 21  Ex2 — Forward Seawater Cooling System
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B.3.12 FORWARD FRESHWATER COOLING SYSTEM

B.3.12.1  Appendix B — Figure 22, Appendix B — Figure 23 and Appendix B — Figure 24 show the
freshwater cooling system for the three forward thrusters, T1 T2 and T3. This revision
removes considerable commonality inherent in the design of Example 1. The fully
segregated system algins with the forward seawater systems.
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Appendix B — Figure 23  Ex2 — Forward FW Cooling System T2
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B.3.13 MAIN FRESHWATER COOLING SYSTEMS

B.3.13.1  Appendix B — Figure 25 shows the freshwater cooling systems for diesel generator G1 A
similar process of segregation has been applied to the freshwater cooling system for all the
main generators as shown in Appendix B — Figure 26, Appendix B — Figure 27 and Appendix

B — Figure 28.

EX TANK

L.O.

COOLER <t

AIR

COOLER >

G1
— <t MDO

COOLER

Ex2 — Forward FW Cooling System T3

Appendix B — Figure 25

HEAT
EXCHANGER

NO1

p
NO 2

.

i

HEAT
EXCHANGER
2

Ex2 — G1 to G4 Freshwater Cooling System G1

TECHOP (D-11 - Rev3 - Mar24) RCPD

App B--27



TECHOP

EX TANK

[P
> CCI)_OOLER > > MDO
COOLER
AR
BT cooler [P<]
HEAT
EXCHANGER
1
NO 1 %
L >t G2 |
>
NO 2

i

HEAT
EXCHANGER
2

Appendix B — Figure 26 Ex2 — G1 to G4 Freshwater Cooling System G2

EX TANK

T3
> C(;_C-)OL-ER > > MDpo
COOLER

<t AIR <t
COOLER

HEAT
EXCHANGER
1

NO 1 g{

3

HEAT
EXCHANGER
2

—><t— 63 <t

Appendix B - Figure 27 Ex2 — G1 to G4 Freshwater Cooling System G3

App B--28 TECHOP (D-11 - Rev3 - Mar24) RCPD



TECHOP

EX TANK

G4
D> ooer  —D><—T—D<—  MDO 4(><)J
COOLER

< COOLER <

NO 1
—><t— G4 D> —pk—
] NO 2 *£%§D
_%_::|

Appendix B — Figure 28 Ex2 — G1 to G4 Freshwater Cooling System G4

HEAT
EXCHANGER
1

X

R

HEAT
EXCHANGER
2

B.3.14 MAIN ENGINE FRESHWATER COOLING SYSTEMS
B.3.14.1  Appendix B — Figure 29 shows the freshwater cooling system for the main engine.

B.3.14.2 The main engine cooling water system is independent. However, as the main engine has no
independent power generation capability all essential pumps are duplicated from
independent DP equipment groups B and C. However, the use of variable speed pumps
eliminates the need for a duty standby arrangement and associated hidden failure. Having
the common point at the pipework reduces the risk of an electrical fault propagation path
developing through the main engine’s system to affect more than one redundancy group.
Variable speed drives also cushion the power system from the pump starting transient.
Another potential common cause failure.

B.3.14.3 The forward freshwater cooling system is entirely separated except for the common sea
chest.
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SCHEMATICS — EXAMPLE 3
MODIFICATIONS TO EXAMPLE 2

Appendix B — Figure 30 shows a further development of the design incorporating
autonomous thrusters and generators.

In this example, the power distribution system of Example 2 has been further modified by
the addition of an independent hybrid power source for the main engine auxiliary systems.
It might be possible, in some class notations, to make use of the emergency generator for
this purpose but not in others.

Where it is not allowed, it may be necessary to provide a dedicated generator for the main
engine. A shaft generator is another possibility.
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Ex3 — Closed Busties (ME with Hybrid Power) — Autonomous Generators & Thrusters
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EXAMPLE 4 - DUAL FED THRUSTERS

INTRODUCTION
This Redundancy Concept Philosophy Document (RCPD) has been produced to
communicate important concepts relating to the design of the DP system.

OBJECTIVE

The RCPD is intended to supplement the vessel’s build specification in matters related to
dynamic positioning. The intended audience for the RCPD includes all stakeholders involved
with the design and build of the vessel including:

. Classification society

. Shipyard

o Equipment vendors

o 3" party verifiers (FMEA supplier)

. Vessel Technical Operator’s shore-based staff (Owner)

o Vessel crew

VESSEL INDUSTRIAL MISSION(S)

The Trojan Warrior is a Platform Supply Vessel designed for worldwide operation.

VESSEL OVERVIEW

The Trojan Warrior is the first in a series of ten vessels. It is to be built to classification society
rules for rules for Dyna-DP2. And is registered with the flag of Tipperary. The vessel has the
following class notation:

1A1, Supply Vessel, Unmanned ER, ICE, DYNA-DP2

Appendix B — Table 1 provides details of the vessel’s main particulars. Appendix B — Table
2 provides a vessel overview.

Appendix B — Table 1 Vessel Specification

Name Trojan Warrior Length O.A. 86m
Shipyard TBA Beam 20m
Hull/ Project No. TBA Design Draught 6.5m
Owner Trojan Offshore Dead Weight 4200 MT
Class/ Class Rules | Dyna-DP2 Speed Max. 15kts
Economic Speed 11kts
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B.5.5
B.5.5.1

B.5.5.2

Appendix B — Figure 31

DP RELATED EQUIPMENT AND MACHINERY

The vessel design includes:

Ex4 — Platform Supply Vessel — (Computer Generated Image)

A 690V diesel electric power plant providing power for all thrusters and hotel load. It

has the facility to power large deck loads at 440V.

The bow azimuth thruster (T3) has a feed from the port and the starboard 690V
switchboards. It is intended that this thruster should only ever fail on its own and not
with any other thruster.

Appendix B — Table 2 provides details of the generators. Appendix B — Table 3 provides
details of the thrusters.

Appendix B — Table 2 Generators
Red/Ind.
Generator No. | Description Power MW Voltage Frequency
Group
G1 Port Outer Port 2.1
G2 Port Inner Port 2.1
690V 60Hz
G3 Stbd Inner Stbd 2.1
G4 Stbd Outer Stbd 2.1
Appendix B — Table 3 Thrusters
Red/Ind.
Thruster No. Description Power MW Speed Pitch
Group
T1 Bow tunnel Fwd Stbd 0.88
T2 Bow tunnel Aft Port 0.88
T3 Bow Azimuth Centre 1.2 Variable Fixed
T4 Aft Stbd Azi Stbd 3.0
T5 Port Stbd Azi Port 3.0
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CLASSIFICATION NOTATION / EQUIPMENT CLASS
1A1, Supply Vessel, Unmanned ER, ICE, DYNA-DP2
The design of the vessel's DP system will comply with:
° IMO MSC 1580 ‘Guidelines for Vessels and Units with Dynamic Positioning Systems’.
o Classification Society notation DYNA-DP2.
DP SYSTEM OPERATING CONFIGURATIONS

The vessel’s diesel electric power plant is to be operated in with it 690V busties open forming
two power systems.

The bow azimuthing thruster is normally fed from both port and starboard redundancy
groups. It is considered to be an independent equipment group which will only fail on its
own. It can be run from either switchboard or both and is capable of 100% capacity in any
connection configuration.

CODES, STANDARDS AND GUIDANCE
e IMCA M103 Design and Operations of Dynamically Positioned Vessels
o MTS DP Design Philosophy Guidelines 2021

e IMO MSC 1580 Guidelines for Vessel’'s and Units with Dynamic Positioning systems
2017.

OWNER’S REQUIREMENTS

¢ Refer to owner’s specification TW-2020-001.

¢ IMCA M103 Design and Operations of Dynamically Positioned Vessels.
e MTS DP Design Philosophy Guidelines 2021.

e [IMO MSC 1580 Guidelines for Vessel's and Units with Dynamic Positioning systems
2017.

REDUNDANCY DESIGN INTENT(S)

The DP system of the of the Trojan Warrior is based on two fully independent equipment
groups and a third independent group which relies on either the port or starboard group for
power but is considered independent of both the other groups in so far as it should only fail
on its own.

° Port — Groups T2 T5 G1 & G2

o Stbd — Groups T1 T4 G3 & G4

o Centre — Group T3.

Appendix B — Figure 32 shows the utilisation of a dual fed thruster as part of the DP

redundancy concept and the common point it creates. Appendix B — Table 4 shows the
resulting redundancy design intent.
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Appendix B — Figure 32  Three - Independent Groups
Appendix B — Table 4 Redundancy Design Intent (3 — Groups)
Failure Status Thrusters Available Redundancy Type
Intact T1T2T3T4T5 Active
Port Group Failed T1T3T4 None
Stbd Group Failed T2T3T5 None
Centre Group Failed | T1 T2T4T5 None
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WORST CASE FAILURE DESIGN INTENT
The Worst-Case Failure Design Intent is defined as follows:

No single failure as defined for DP notation Dyna-DP2 will have a greater effect on the
vessel’s ability to maintain position and heading than the loss of the starboard redundancy
group (G3, G4, T1 & T4).

o For this intent to be valid all equipment must be capable of its defined performance
and all compensating provisions upon which redundancy depends must operate
successfully on demand.

. This intent applies when there is at least one generator connected on each of the two
main switchboards.

SYSTEM SKETCHES

Appendix D of this TECHOP shows how the redundancy design intent is achieved on a
system-by-system basis for Example 4. In the actual RCPD document these sketches would
also be included in an appendix to that document.

SCHEMATICS - EXAMPLE 4
POWER DISTRIBUTION SYSTEM

The power distribution system, shown in Appendix B — Figure 33, is a traditional diesel
electric design. The bow azimuth has a full-time dual supply from both redundancy groups.
A dual supply is provided for the main drive and the steering motor. Some commonality is
introduced elsewhere in the design by the provision of standby power from the opposite
redundancy group.
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Ex4 — Power Distributions Systems — Single Line Diagram
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B.6.2 GENERATOR FUEL SYSTEM

B.6.2.1 The fuel system shown in Appendix B — Figure 34 supplies MDO to the generator engines
and is segregated from the service tanks to the engines. There is some commonality in the
fuel transfer system. Potential common cause failures associated with this arrangement will
be managed by procedures to monitor the quality of the fuel being transferred.
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Appendix B — Figure 34

F.0. OVERFLOW

B.6.3 FRESHWATER COOLING SYSTEM

B.6.3.1 The freshwater cooling system is shown in Appendix B — Figure 35. It is well split with the
exception that there is a potential configuration error in pump assignment. This is managed

by procedures.

FO.
STORAGE

Ex4 — Fuel System for Generator Engines
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B.6.4 SW COOLING SYSTEM

B.6.4.1 Refer to Appendix B — Figure 36. The pipework of the seawater system is well separated.
An error was revealed in the pump assignment for the seawater cooling system. Under
Dyna-DP2 this could have been accepted by opening the cross over valves, but it has been
decided to correct the power supply assignment before the design is presented to the
classification society.
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Appendix B — Figure 36 Ex4 — SW Cooling System
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LUBRICATING OIL SYSTEM

Appendix B — Figure 37 shows the lube oil tranfer systems. There is a possibility of emptying
one sump and overfilling another if the valves in the lube oil common transfer system are
incorrectly configured but this will be controlled by procedure.
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Appendix B — Figure 37 Ex4 — Lubricating Oil Transfer and Purification System

COMPRESSED AIR SYSTEMS

Appendix B — Figure 38 shows the compressed air system. It is operated as a common
system on the basis that all air consumers fail safe on loss of air pressure and overpressure
is prevented by pressure relief valves. One compressor is powered from the ESWD which
introduces commonality in compressor power supplies. This is to be analysed in the FMEA
but not considered to introduce any unacceptable failure modes at this time.
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Appendix B - Figure 38 Ex4 — Compressed Air Systems

B.6.7 24VDC CONTROL POWER

B.6.7.1 The 24Vdc control power distribution is shown in Appendix B — Figure 39. Control power is
supplied at 24Vdc for engines, governors, switchboards and thrusters, it has extensive
commonality by design, but the compensating provisions and ride-through capability will be
tested.
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App B--42

TECHOP (D-11 - Rev3 - Mar24) RCPD



TECHOP

B.6.8
B.6.8.1

EMERGENCY STOP SYSTEM

Appendix B — Figure 40 shows the vessel’'s emergency stops for the auxiliary systems,
generators and thrusters. It has commonality in wiring and power supplies. It is a Normally
Energised system and so this is unlikely to satisfy the classification society in its present
form and the decision has been taken to split it along the lines of the DP redundancy concept.
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Appendix B — Figure 40
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DATA COMMUNICATION NETWORKS AND PMS / VMS

Appendix B — Figure 41 shows the data communication network which are connected to
many common points. The OEM has advised that compete failure of the PMS leaves the
power plant operating as set however there is concern about the effect of load sharing failure
and this will be proven by validation testing. The OEM has indicated that Network testing is
not required for Dyna-DP2 (but it is required by the Owner’s spec).
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Appendix B - Figure 41 Ex4 — Data Communication Networks and PMS / VMS

DP CONTROL SYSTEM

Appendix B — Figure 42 shows the DP control system. It is a well-established design.
However, it has a number of common points. The OEM has indicated that there is no
requirement to test failure at these points for Dyna-DP2 and this has been confirmed by the
classification society. The Mode Selector for DP / Manual / IJS control is also likely to be a
common point in need of analysis.

Note: Word ‘RED’ = Redundancy Net or RED Net
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EXAMPLE 5 - DUAL FED THRUSTER & HYBRID POWER

ADDITION OF BESS TO CREATE HYBRID POWER SYSTEM

The Trojan Warrior design was upgraded by the addition of a Battery Energy Storage
System (BESS).

WORST CASE FAILURE DESIGN INTENT

The Worst-Case Failure Design Intent remains the same in terms of the severity of the failure
effect but the conditions for which it is valid now include ‘single generator and BESS’
configurations as defined as follows:

No single failure as defined for DP notation Dyna-DP2 will have a greater effect on the
vessel’s ability to maintain position and heading than the loss of the starboard redundancy
group (G3, G4, T1 & T4).

o For this intent to be valid all equipment must be capable of its defined performance
and all compensating provisions, upon which redundancy depends, must operate
successfully on demand.

o This intent applies when there is at least one generator connected and one BESS on
opposite main switchboards.

SYSTEM SKETCHES

Appendix D of this TECHOP shows how the redundancy design intent is achieved on a
system-by-system basis for Example 5. As many of the systems are unchanged from
Example 4, only those affected by the conversion for hybrid power are shown. In the actual
RCPD document these sketches would also be included in an appendix to that document.

SCHEMATICS - EXAMPLE 5
POWER DISTRIBUTION SYSTEM

Appendix B —Figure 43 shows the revised power system design with one battery energy
storage system installed on each of the two main switchboards, However, to maximise
integrity and economy, the hybrid power system is operated with the 690V busties open and
one generator and one BESS connected on opposite main switchboards. Power is
transferred from the generator through the DC link in the BESS to the other main
switchboard in this configuration. This power transfer link forms a common point in the
redundancy concept.
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ENERGY MANAGEMENT SYSTEM

Appendix B — Figure 44 shows the topology of the Energy Management System and its
connections to the battery management systems. With the addition of hybrid power to the
design, the PMS becomes an EMS as it now manages the stored energy in the batteries
through the Battery Management Systems. Additional common points are created by the
controllers when operating in single-generator mode and by the addition of the two BMS
units to the automation system networks.
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Appendix B — Figure 44  Ex5 — Energy Management System
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EXAMPLE 6
INTRODUCTION

The actual RCPD to be delivered to stakeholders would typically contain only one example
redundancy concept (although it may have undergone several iterations and include several
possible configurations). This is an additional example created to illustrate an ‘idealised’
vessel design which would minimise cross connections and commonalities to achieve a high
degree of independence and segregation. This example was requested by the DP
community at the review workshop in Houston 2022 and is not based on an existing DP
vessel design.

SCHEMATICS - EXAMPLE 6
POWER GENERATION AND DISTRIBUTION SYSTEM

The power system consists of two 690V power systems which feed down to lower voltage
440V and 230V buses via transformers as shown in Appendix B — Figure 45. Dual master
bus ties at the 690V level provide greater isolation and reduce the failure effects associated
with inadvertent closure of bus-ties due to a circuit breaker fault.

Each 690V powers two thrusters, with a fifth thruster on a central swing bus. The center bus
is protected from crash-sync and configuration errors by the use of interlocks. These
interlocks will require validation testing to prove they protect the redundancy concept.

The 440V buses are not connected via circuit breakers, reducing opportunity for
configuration errors and crash synchronization. The 230V ESB can be powered from either
side or via the EGen. Interlocks prevent the connection of more than one power source, but
interlocks must be verified and validated. Main features are:

. Each generator has its own independent engine control system.

o The generators load share on a linear droop characteristic and thus there are no
physical load sharing lines connecting them.

J Each generator has its own independent alternator, governor and AVR.
o TCVs fail to full cooling.

The port diesel generators draw combustion air from an intake on the port side of the vessel
and the starboard diesel generators draw air from an intake on the starboard side of the
vessel. This reduces susceptibility to the common mode failure of blocked intake or ingestion
of flammable or inert gases (although this is not typically a major concern for this type of
vessel).

The worst-case failure of the power generation and distribution system is the loss of the side
of the main switchboard that T5 is currently connected to. This would, through administrative
processes, be the starboard side and result in the loss of two generators and three thrusters.
The vessel would continue to hold position on the remaining thrusters.
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B.10.2
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Appendix B — Figure 45 Ex6 — Power Distribution System

AUTONOMOUS GENERATORS AND THRUSTERS

All power for the thrusters is derived from the thruster feeder. A step-down distribution
transformer supplies the thrusters’ auxiliaries. Each generator has a dedicated MCC
suppling power to its auxiliary systems. Power for this MCC is provided from the appropriate
section of the 440V bus. The changeover thruster does not changeover automatically and
will not allow the thruster to close on to a faulted bus.

Autonomous designs lend themselves to the development of compact self-contained
generators and thrusters which are modular in nature. This has the effects of:

Creating well defined and easily understood system boundaries.
Minimising the interface to other systems.

Minimising the number of potential fault propagation paths.
Reducing the opportunity for configuration errors.

Minimising the number of integration issues.

Maximizing the opportunity for pre-assembly, pre-commissioning and testing at an
advanced stage of completion.

Reducing the verification and validation burden and simplifying the FMEA process.
Reducing the periodic reverification burden.
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B.10.3
B.10.3.1

B.10.3.2

FUEL SYSTEM

Appendix B — Figure 46 below shows that the fuel systems are independent and split in-line
with the redundancy concept. The cross-over valves represent opportunity for
misconfiguration, but procedural barriers will be put in place. Additionally, the use of double
valves reduces the failure effects of an individual valve failing. Fuel analysis will be used to
prevent the bunkering of contaminated fuel from causing a common mode failure.

The worst-case failure of the fuel system would be blockage or contamination of the
starboard fuel system, resulting in the loss of two DGs and consequential loss of three
thrusters. The vessel would continue to hold position on the remaining thrusters.
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Appendix B — Figure 46  Ex6 — Diesel Generator Fuel System
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B.10.4
B.10.4.1

B.10.4.2

B.10.5
B.10.5.1

B.10.5.2

LUBRICATING OIL SYSTEM

Appendix B — Figure 47 shows the Lubricating Oil storage and transfer system is split in
accordance with the redundancy concept. The diesel generator lube oil is not to be changed

during DP operations.

Failure of the lubricating oil system should have no effect on DP as LO is not changed during
DP operations and routine oil analysis and tank separation will mitigate against

contamination.
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Appendix B - Figure 47

COMPRESSED AIR SYSTEM

Appendix B — Figure 48 below shows the compressed air systems are independent between
the two redundant groups. Double cross-over valves allow the systems to be connected for
maintenance purposes. This cross-connection will be mitigated by administrative procedure.

The worst-case failure of the compressed air system would be loss of the starboard side air
system due to an air leak. This would result in loss of starting air but would not affect running

engines.
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Ex6 — Diesel Generator Compressed Air System
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B.10.6 110VDC & 24VDC CONTROL POWER

B.10.6.1  Appendix B — Figure 49 shows a fully segregated control power supply system. Additional
robustness has been added by providing the 110Vdc and 24Vdc sections with its own
AC/DC rectifier and stored energy.

230V 230V
I I
WA WA
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Appendix B - Figure 49 Ex6 — 110Vdc Control Power

B.10.6.2 The 24Vdc system is split into two independent systems but cross connections exist for
changeover T5, which is interlocked so only one power source can be connected at a time,
and for the backup ESB supply for the propulsion azimuths, which is only used in
emergencies. These will have to be validated by testing.

B.10.6.3 Note also the 24Vdc DC dual supply issues of T1 & T2 (depending on ESB source) - See
grey clouds in Appendix B Figure 50.
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Appendix B — Figure 50 Ex6 — 24Vdc Control Power

B.10.7 QUICK CLOSING VALVES

B.10.7.1  Appendix B — Figure 51 shows the QCVs for the fuel system. The systems are entirely
independent and derive their air supply and control power from the redundant groups they
serve. There is no opportunity for misconfiguration.

B.10.7.2 The worst-case failure of the QCV system is the loss of pressure in either side due to an air
leak. The QCV valves fail as set, but the manual stop valves can still be used to cut off fuel
supply in an emergency. This will have no effect on running thrusters or generators.
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B.10.8
B.10.8.1

B.10.8.2

B.10.8.3

B.10.8.4
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Appendix B — Figure 51  Ex6 — QCV Control Power and signal

MAIN SEAWATER COOLING SYSTEM

Appendix B — Figure 52 shows the main seawater cooling system. The systems are
independent, other than two cross-over pipes which can be used for maintenance purposes.
Procedures will be in place to prevent misconfiguration and the double valves help to prevent
fault propagation.

A duty and standby pump arrangement is used to provide non-critical redundancy. The
power supplies for these pumps are derived from the redundant groups they serve.

There are two 100% capacity heat exchangers. This allows for non-critical redundancy and
makes performing maintenance easier, as either heat exchanger can support 100% of the
required cooling capacity.

The worst-case failure of the seawater cooling system is the loss of one redundant group
due to a sea chest or filter blockage. This would take time to have a result on the generators
and thrusters due to the heat capacity of the freshwater cooling system but would eventually
result in the loss of up to two generators and three thrusters.

Note: In a fully segregated system it is not necessary to provide a standby pump from a DP
redundancy concept perspective however it may improve the operability and maintainability
of the system to do so, and cooling water pumps and heat exchanges are relatively
inexpensive items if specified in the contract. Providing a second pump where none is
required for redundancy is an example of non-critical redundancy. Critical and non-critical
redundancy are defined as follows:

o Failure of non-critical redundancy has no effect on post failure DP capability.

o Failure of critical redundancy with either reduce or remove a DP vessel’s post failure
DP capability.
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B.10.9
B.10.9.1

B.10.9.2
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Appendix B — Figure 52 Ex6 — Main Seawater Cooling System

FRESHWATER COOLING SYSTEM

Appendix B — Figure 53 shows the freshwater cooling system. The two systems are
independent, other than two cross-over pipes which can be used for maintenance purposes.
Procedures will be in place to prevent misconfiguration and the double valves help to prevent
fault propagation.

A duty and standby pump arrangement is used to provide non-critical redundancy. The
power supplies for these pumps are derived from the redundant groups they serve.

There are two 100% capacity heat exchangers. This allows for non-critical redundancy and
makes performing maintenance easier, as either heat exchanger can support 100% of the
required cooling capacity.

The worst-case failure of the freshwater cooling system would be loss of one pump or heat
exchanger. This would have no effect on DP as the standby 100% pump or heat exchanger
would take over. Regular testing and maintenance is required to ensure standby units
perform when needed and do not become a hidden failure.
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B.10.10 VENTILATION AND CHARGE AIR SYSTEM

B.10.10.1 The engine room has two forced ventilation system, one fed from 230V port, the other from
230V starboard. Each thruster room has its own air handling unit, supply fan and exhaust

fan which are powered from the redundant group of the thruster itself.

B.10.10.2 The worst-case failure of the ventilation and HVAC system is loss of one half of the 230V
switchboard resulting in loss of three ventilation systems. The other systems would continue
to provide adequate cooling for the thrusters and generators.
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Appendix B — Figure 54  Ex6 — Engine Charge Air System
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B.10.11
B.10.11.1

B.10.11.2

B.10.11.3

B.10.11.4

B.10.12

B.10.12.1

THRUSTER CONTROL SYSTEM

Each thruster has its own independent field station as part of the thruster control system,
with serial connection over ethernet for DP, and separate and independent serial connection
over a propriety bus for both IJS and manual controls. The worst-case failure of the thruster
control system is designed to be the loss of a single thruster.

The thruster control mode selection is performed via a push button contact which is
hardwired to the thruster FS.

The vessel features emergency stops at three locations for each thruster and generator.
There are E-stops for all thrusters on their individual control panels, at the DP Desk and in
the Engine Control Room. All emergency stops are hard wired on separate circuits with line
monitoring for open and short circuit. The line monitoring system will give an alarm on the
VMS if a short or open circuit is detected.

No failure of the emergency stops will have any effect on running thrusters or generators.
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Appendix B — Figure 55 Ex6 — Thruster Control System

VMS AND PMS CONTROL SYSTEM

The VMS/PMS is split into two redundant networks. Net A and Port field stations derive their
power from a dedicated UPS on the port side and Net B along with Stbd field stations derive
their power from a dedicated UPS on the starboard side. Galvanic isolation prevents the
transfer of electrical faults between devices. Network storm testing will be carried out to
verify the system’s resilience to the common mode failure of network storm.
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Appendix B — Figure 56

DP CONTROL SYSTEM

Ex6 — VMS and PMS Control System

Appendix B — Figure 57 shows the DP control system and its position references and
sensors. Because standby redundancy is used to provide fault tolerance, a number of cross
connections will be accepted in this system with the appropriate compensating provisions to
mitigate the risk of fault propagation. The rationale behind this is that the risk of a failed
changeover to the standby controller is estimated to be higher than the risk of fault

propagation (when properly mitigated).
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Appendix B — Figure 57 Ex6 — DP Control System

SAFETY SYSTEMS

The vessel is equipped with a SCADA based safety control system that performs ESD and
Fire detection functionality. The control system has duplicated controllers, power, and 10 to
ensure single fault tolerance. The fire detection and CO2 systems are manually operated
and have no automatic activation via the safety system. The safety system receives input
on activation of ventilation shutdown via the fire detection and CO2 systems if they are
manually operated. Thereafter, the safety system performs shutdown of the affected
ventilation and closing of dampers. There is a fibre optic network connection between the
controllers which is used to relay data on the |0 states and assess consistency. This
commonality will be analysed to ensure it is not a fault propagation pathway.

The vessel features a water mist system in the engine room that is split into 4-zones, one
for each engine. The 10 cards are segregated for each zone. The system is pressurised and
manually operated. Since there is no automatic function, there is no risk of accidental release
due to software error or false indication of fire. Portable fire extinguishers are also located
around the vessel.

No failure of the fire suppression system will have any effect on running thrusters or
generators.
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Appendix B - Figure 58

Ex6 — Safety System
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APPENDIX C LIST OF COMMON POINTS

TABLES
Appendix C — Table 1 List of Common Points in Example 1 1
Appendix C — Table 2 List of Common Points in Example 6 2
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C.1

c11
C1.11

LIST OF COMMON POINTS

COMMONALITY IN MAJOR SYSTEMS

The list of common points was extracted from the systems sketches for Redundancy

Concept Example 1.

Appendix C — Table 1

List of Common Points in Example 1

System

Nature of Common

Compromises 2-

Compromises 4-

Networks

A and the B network

Point split? (3 Groups) split? (5 Groups)
110Vdc & 24Vdc Dual supplies through Yes Yes
control power diodes
Pipework, fuel
Fuel Systems DG & processing, fuel Yes Yes
ME heating, pumps and
power supplies
Emergency MDO fuel Pipework Yes Yes
systems
Lubricating Oil Pipework, storage Yes Yes
systems tank
Pumps power
G3 & G4 FW cooling supplies, pipework, No Yes
heat exchangers
Main FW cooling Pumps power
supplies, pipework, Yes Yes
Systems
heat exchangers
Forward Freshwater Pumps power
. supplies, pipework, Yes Yes
Cooling System
heat exchangers
Main SW cooling Pumps, hsat No Yes
system exchangers, pipework
Forward Seawater Pumps, heat
. ) Yes Yes
Cooling System exchangers, pipework
Compressed air Compressors, Yes Yes
systems pipework
QCV Operating Commor) control Yes Yes
System cabinet
common duty
processors dual
DP Control System power supplies and Yes Yes
networks
N Every OS and FS is
Data Communication common to both the Yes Yes
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C1.1.2 The list of common points was extracted from the systems sketches for Redundancy
Concept Example 6.
Appendix C — Table 2 List of Common Points in Example 6
System Nature of Common Point (RGBT SO0 S
Redundancy Concept?
Power Distribution Changeover Thruster No
Power Distribution ESB supply from MSB No
Fuel Systems Crossover valves, fuel No
Compressed air Crossover valves No
systems
24V dc Control Power Backup supply for T1 and T2 Yes
Main SW cooling Crossover valves No
system
FW Cooling System Crossover valves No
Engine Charge Air Common funnel, single engine room Yes
Thruster control Every FS is connected to both network Yes
system A and B, and also to MTC and IJS
Every OS and FS is common to both
PMS Control System the A and the B network Yes
DP Control System common duty processors dual power Yes
supplies and networks
Data Communication Every OS and FS is common to both Yes
Networks the A and the B network
Safety Control Network connection between
System controllers, input from Fire Detection Yes
y and CO2 systems
App C--2
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APPENDIX D

Appendix D - Table 1
Appendix D - Table 2
Appendix D - Table 3
Appendix D - Table 4
Appendix D - Table 5
Appendix D - Table 6
Appendix D - Table 7
Appendix D - Table 8
Appendix D - Table 9
Appendix D - Table 10

Appendix D — Equation 1
Appendix D — Equation 2
Appendix D — Equation 3
Appendix D — Equation 4
Appendix D — Equation 5
Appendix D — Equation 6
Appendix D — Equation 7

TABLES

Comparator Tool

Heat Map Example 1

Heat Map Example 2

Heat Map Example 3

Heat Map Example 4

Heat Map Example 5

Comparison of Results Examples 1,2 & 3
Comparison of Results Examples 4 & 5
Comparator Tool

Heat Map Example 6

EQUATIONS

Independence in Design
Commonalities (Verified)
Commonalities (Not Verified)
Not Applicable

Total Completion

Reliance

Robustness

SEVEN PILLARS HEAT MAPS

11
13
15
17
18
19
20
25

N N N a2 A a a
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D.1

D.1.1
D.1.1.1

D.1.2
D.1.2.1

D.1.2.2

D.1.2.3

D.1.3
D.1.3.1

D.1.3.2

D.1.3.3

D.1.3.4

D.1.3.5

SEVEN PILLARS COMPARATOR
COMPARATOR TOOL

An Excel™ spreadsheet-based tool has been developed to assist the designers in
understanding the degree to which the design of the DP system is reliant upon:

. Active elements for its fault tolerance.
. Compensating provisions that have not been fully proven by validation testing.

SYSTEM SCORING

A simple scoring scheme is used to rank systems — a system that is:

° Completely independent scores 1
° Reliant on fully validated compensating provisions scores 2
o Reliant upon unvalidated (untested) compensating provisions scores 3

Thus, the higher the score the more likely it is that the system relies on active elements
which increases:

o The exposure to hidden failures.
) The initial and periodic verification and validation burden.

Note: The burden of periodic reverification of active elements can be reduced by the use of:

o Built in Test equipment.
o Test on Demand capability.

ALGORITHMS

The sections that follow provide the algorithms that are used to assess the characteristics
of the DP redundancy concept in the Seven Pillars Comparator.

Independence in Design
Independence = Yes (Independent) / Total Applicable Items
Appendix D — Equation 1 Independence in Design
Commonalities (Non-Independent) in design with intention to verify and validate.
Commonality verified = Yes (Common) / Total Applicable Items
Appendix D — Equation 2 Commonalities (Verified)
Commonalities (Non-Independent) in design without intention to verify and validate.
Commonality Not verified = No (Common) / Total Applicable Items
Appendix D - Equation 3 Commonalities (Not Verified)

Not Applicable — Systems / Subsystems that are not part of the DP redundancy concept
N/A = Not applicable Items.

Appendix D — Equation 4 Not Applicable
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D.1.3.6

D.1.3.7

D.1.3.8

D.2

D.2.1
D.2.1.1

Total Completion.

Completion = ((Yes (Independent) + Yes (Common) + No (Common) + Not Applicable) /
Total Applicable Items) x 100

Appendix D — Equation 5 Total Completion

Reliance on active mitigation, exemption from consideration and verification and validation
burden.

Reliance = Yes (Common) + No (Common) / Total Applicable Items

Appendix D — Equation 6 Reliance
Robustness of the redundancy concept (Analysis of common (non-independent) systems).

Robustness = (Yes (Common) / Yes (Common) + No (Common)) x 100

Appendix D — Equation 7 Robustness

REDUNDANCY CONCEPT - EXAMPLE 1
ANALYSIS OF EXAMPLE 1

Appendix D - Table 1 shows how the design was analysed using the tool to identify which
systems are independent and which have common points. Where there are common points,
the tool also records whether there is an intention to confirm the common point does not
compromise the redundancy concept by carrying out validation testing (even if it may not be
required by the classifications society).
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Appendix D - Table 1 Comparator Tool

Common (Non-Independent)
o Closed Busties (Reliance on
Protective Functions)
Dual Feed (Reliance on
Protection and ride-
Independent through)
e Autonomy e Reliance on Standby Start
¢ Independence e Reliance on Changeover
e Segregation Pipework (Reliance on
protection against
mechanical damage and
performance attributes)

Intention to Validate by
Testing?

1. Select Not Applicable if necessary (V') 2. Tick One Box in Each Row 3.
Review Heatmap to check completion

Common Pipework -
Heat Exchangers -
Fuel Pumps — Fuel Heating
MDO/HFO Processing - tanks etc -
PM will be used confirm
pipework

Depends on
changeovers duty
v standby - Common
Pipework, Heat
Exchangers etc

Seawater
Cooling

Depends on
changeovers duty
standby - Common
Pipework, Heat

N4 Exchangers etc.
changeover will be
tested periodically. PM
will confirm status of heat
exchangers,

Marine
Auxiliary
Systems Freshwater
Cooling

Common pipework and
v tanks. LO sampling will
be carried out

Lubricating
Oil

Common pipework and
compressors - PM will be
Service Air v used to validate
pipework and isolation
valves
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Seven Pillars — Comparator

Common (Non-Independent)
e Percentage of common (non-independent) e Closed Busties (Reliance on
‘Yes’ and ‘No’ entries in total DP system is an Protective Functions)
indicator of: e Dual Feed (Reliance on
e Reliance on active measure or exemption Protection and ride-
from consideration Independent through)
e Verification and validation burden * Autonomy O BB IS SRS
e Independence e Reliance on Changeover
e Segregation e Pipework (Reliance on
e Percentage of Common (non-independent) protection against
‘Yes’ entries in the total number of Common mechanical damage and Remarks
Systems is an indication of the robustness of performance attributes)
the redundancy concept. Intention to Validate by
Testing?
S 2
S 2 2
[} 7 = 9
7 > 32 Yes Yes No
> o o
n =] Q.
7] <
Starting Air v Common pipework
and compressors
Instrument v Common pipework
Air and compressors
. Each engine has a
. mbustion -
Marine ,(A:u? bustio v separate combustion
Auxiliary air intake
Systems o .
y Ventilation is not split
Ventilation v or redundant in this
design
HVAC is not
HVAC v redundant or split in
this design
. Engines are
Engin .
gihes v independent
Engine Engine control system
Control v are independent for
Systems each engine
Alternators are
Alternator v independent for each
Power generator
Generation Governor v Each generator runs in
island mode on DP
Each generator runs in
AVR v island mode on DP
Generator protection
Protection v is independent for
Systems each of the four main
switchboards
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e Percentage of common (non-independent)
‘Yes’ and ‘No’ entries in total DP system is an

indicator of:

Seven Pillars — Comparator

e Reliance on active measure or exemption
from consideration

e Verification and validation burden

e Percentage of Common (non-independent)
‘Yes’ entries in the total number of Common

Systems is an indication of the robustness of

the redundancy concept.

Independent

e Autonomy

e Independence
e Segregation

Common (Non-Independent)

e Closed Busties (Reliance on
Protective Functions)

e Dual Feed (Reliance on
Protection and ride-
through)

e Reliance on Standby Start

e Reliance on Changeover

e Pipework (Reliance on
protection against
mechanical damage and
performance attributes)

Intention to Validate by

Remarks

Testing?
S <@
S 2 Q
) 7} w ©
o > S 2 Yes Yes No
> Q.
2
(/p) =] Qo
7] <
Main Power 6.6kV is operated with
Generation v open busties on DP
Level
. 440V is operated open
Auxiliary .
Systems busties but there are a
few auto changeovers
Power v .
N that will be checked by
Distribution o :
periodic testing and
Level S :
Power validation testing
W -
LA Coerted per
Small Power
and Lighting v few auto changeovers
that will be checked by
Level periodic testing and
validation testing
There are dual supplies
Control to every main
Power v switchboard section - it is
110Vdc / not intended to perform
24\/dc validation testing on
these.
There are dual UPS
supplies to every OS.
gtp?.rator v There is no intention to
ations perform validation testing
or periodic testing
There are dual UPS
Field supplies to every OS.
Power Stati v There is no intention to
Management ations perform validation testing
or periodic testing
Generators run in island
Load Sharing v mode - there is no load
sharing
VAR Sharing v not fitted
(ac)
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Seven Pillars — Comparator

Common (Non-Independent)
e Percentage of common (non-independent) e Closed Busties (Reliance on
‘Yes’ and ‘No’ entries in total DP system is an Protective Functions)
indicator of: e Dual Feed (Reliance on
e Reliance on active measure or exemption Protection and ride-
from consideration Independent through)
e Verification and validation burden * Autonomy O BB IS SRS
e Independence e Reliance on Changeover
e Segregation e Pipework (Reliance on
e Percentage of Common (non-independent) protection against
‘Yes’ entries in the total number of Common mechanical damage and Remarks
Systems is an indication of the robustness of performance attributes)
the redundancy concept. Intention to Validate by
Testing?
S <@
£ 2 2
[} 7 = O
7 > S 2 Yes Yes No
> o) o
(/p) =] Qo
n <
Battery not fitted
Management v
Systems
Battery / not fitted
Capacitor v
Energy Systems
Management
Energy v not fitted
Regeneration v not fitted
Dynamic v not fitted
Breaking
Networks span all
redundant DP
Networks v equ.ipmerjt groups -
No intention to carry
Data out network storm or
Communication throughput testing
Networks | Network power
nggrk v supplies don't cross
Supplies from one network to
the other
Thrust Is independent for
Magnitude v each thruster (Own
Control field station)
Thrusters
Thrust
Direction v
Control

App D--6 TECHOP (D-11 - Rev3 - Mar24) RCPD



TECHOP

e Percentage of common (non-independent)
‘Yes’ and ‘No’ entries in total DP system is an

indicator of:

Seven Pillars — Comparator

e Reliance on active measure or exemption
from consideration

e Verification and validation burden

e Percentage of Common (non-independent)
‘Yes’ entries in the total number of Common
Systems is an indication of the robustness of
the redundancy concept.

Independent

e Autonomy

e Independence
e Segregation

Common (Non-Independent)
e Closed Busties (Reliance on

Protective Functions)
Dual Feed (Reliance on
Protection and ride-
through)

Reliance on Standby Start
Reliance on Changeover
Pipework (Reliance on
protection against
mechanical damage and
performance attributes)

Intention to Validate by
Testing?

System

Subsystem

Not
Applicable

Yes

Yes No

Remarks

Thrusters

Thruster
Control Mode
Selection

Control mode
selection is a common
point but there is no
intention to test for a
comprehensive range
of failure modes - only
loss of power.

E Stop

Every thruster and ME
has its own
independent E Stop

DP Control
System

Controllers

DPCS is duty standby
- periodic testing of
changeover will be
carried out but there is
no intention to test the
ride-through of the
controllers to fault at
common point created
by dual supplies

Operator
Stations

All operator stations
have dual supplies no
intention to test ride
through

Power
Supplies

The internal power
supplies form a
common point - there
is no intention to test

UPS

There are individual
UPS for the DPCS
which are not cross
connected

TECHOP (D-11 - Rev3 - Mar24) RCPD
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Common (Non-Independent)
o Closed Busties (Reliance on
Protective Functions)
Dual Feed (Reliance on
Protection and ride-
Independent through)
e Autonomy e Reliance on Standby Start
e Independence Reliance on Changeover
e Segregation Pipework (Reliance on
protection against
mechanical damage and
performance attributes)

Intention to Validate by
Testing?

PRS power and data

is segregated in a two-

way split, but all PRS

data is fed to all

PRS v controllers. Protective

function in software

will reject an errant

PRS - There is no

DP Control intention to test.
System

Sensor power and data
is segregated in a two-
way split, but all PRS
data is fed to all
Sensors v controllers. Protective
function in software will
reject an errant Sensor -
There is no intention to
test.

ESD
F&G
Fifi

Safety

Systems E Stops for engines are

from a common control
cabinet. No intention to
E Stop v test a comprehensive set
of failure modes. Only
function will be tested.
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D.2.2 DP SYSTEM HEAT MAP FOR EXAMPLE 1
D.2.2.1 Appendix D - Table 2 is the heat map produced by the comparator tool The predominance
of reds and yellows suggests there is a high degree of commonality in the DP redundancy
concept. Much of it will not be proven by validation testing.
Appendix D - Table 2 Heat Map Example 1
DP System Heat Map — Example 1
20
Summary
Score
Fuel
MDO/HFO
Seawater
Cooling Total Score 70
Freshwater
Cooling 6 16
Lubricating Summary 0 Summary
Qil Score Score
Service Air Engines 8 7 Su;;:::ry 6 Controllers 3
Engine Battery
Starting Air Control Susrgtr)nrzry Su;zg:zry Management Susrz(r::r:ry 2?;'{2:2 Susrztr:::ry
Systems Systems
Instrument ML oy Operator Ealitziy st Power
Al Alternator Generation per Capacitor 4 Magnitude - ESD
ir Lzl Stations Svst Control Supplies
ysiems ontro
. Auxiliary Thrust
Congstlon Governor Systems Ppwer Field Stations Energy Summary Score Direction UPS F&G
ir Distribution Control
Level
Small Power Elétr:ts:sr
Ventilation AVR and Lighting Load Sharing Regeneration Networks Mode PRS Fifi
Level s N
election
. Control Power . .
HVAC Psrotectlon (110vdc / VAR Sharing Dynan_'uc Network Power E Stop SerEaE E Stop
ystems 24Vdc) (ac) Breaking Supplies
c [ c c — =
= 2 ) o 7] =) ) S o
EsE 8% | &3 5§ 55 £ g | £F | &
=hki= e < (7] o +
5% B 50 3% 39 - 832 3 o 2
S S5 > oS o o c wc £Eo £ o =
<0 o = [ [ €2 = o Q@
o o = = <] ©
(&) n
Independence in Design 42%
Commonalities (Non-Independent) in design with intention to verify and validate 22%
Commonalities (Non-Independent) in design without intention to verify and validate 36%
Not Applicable 9
Total Completion |  100%
Reliance on active mitigation, exemption from consideration and verification and validation burden 58%
Robustness of the redundancy concept (Analysis of common (Non-Independent) systems) 38%
The analysis is COMPLETE
App D--9
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D.2.3
D.2.3.1

D.2.3.2

D.2.3.3

D.2.3.4

D.2.3.5

D.2.3.6

D.2.3.7

D.2.3.8

D.3

D.3.1
D.3.1.1

D.3.2
D.3.2.1

SIGNIFICANCE OF RESULTS - EXAMPLE 1
Total Score: Generally, the lower the better:

. 44 is a perfect score in a redundancy concept where all listed systems are applicable,
and all systems are entirely independent.

. 132 indicates that every system has commonality and there is no intention to verify
and validate the compensating provisions.

. Example 1 scores 70 indicating a fairly high degree of commonality.

Independence in design: This figure is an indicator that the DP system and its redundancy
concept are based on passive features such as autonomy, independence and segregation
and should have a relatively low verification and validation burden. This figure should be as
high as possible and ideally 100% but it is accepted that there may be practical and valid
reasons to introduce commonality to achieve defined objectives. It should be recognised
that this will increase the verification and validation burden in scope and complexity.
Stakeholders should confirm their methods are able to meet the challenge this presents.

Commonalities in _design with intention to verify and validate: This figure suggest a
reliance on active elements such as may be encountered in closed bus power systems, but
this has been accompanied by a commitment to form a valid basis for confidence though
analysis and testing. If this figure is very high, there is a risk the verification and validation
process may be overwhelmed.

Commonalities in_design without intention to verify and validate: This figure is an
indication that there may be compensating provisions that are not effective or may not even
be present. This figure should be as low as possible and ideally zero. Examples include the
ride through capability of consumers fed from a common power system and the
effectiveness of network storm protection.

Not applicable: This figure is the number of systems in the list of system which are not
applicable to the DP system being analysed.

Total completion: An indication that the analysis is complete: the completions banner in
the heatmap will change colour to green to further emphasise when this point has been
reached.

Reliance_on active mitigation, exemption, V&V burden (58%): This figure is the ratio of
the number of non-independent (common) systems to the total number of systems
expressed as a percentage. It is an indicator of the reliance on active elements and therefore
the initial and period verification burden.

Robustness_of the redundancy concept (38%): This figure is the ratio of common points
subject to validation testing to the total number of common points expressed as a
percentage. Essentially, this figure indicates the robustness of the compensating
provisions.

REDUNDANCY CONCEPT — EXAMPLE 2
ANALYSIS OF EXAMPLE 2

The analysis process is identical to that for Example 1. Appendix D - Table 3 shows the
output of running the tool.

DP SYSTEM HEAT MAP FOR EXAMPLE 2

Appendix D - Table 3 is the heat map produced by the comparator tool applied to Example
2. There are still a significant number of yellows indicating that not all commonality has been
removed but the absence of reds suggests a commitment to verification and validation.

App D--10
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Appendix D - Table 3

Heat Map Example 2

19
Summary
Score
Fuel
MDO/HFO
Seawater
Cooling Total Score 53
Freshwater
Cooling 6 1
Lubricating Summary 0 Summary
Oil Score Score
Service Air Engines 4 3 Susrzg:_:ry 5 Controllers 2
Engine
Starting Air Control Summary Summary Summary Ope_rator Summary
Score Score Score Stations Score
Systems
Main Power Thrust
Instrument Air Alternator Generation g?aeﬁrg:g 3 Magnitude SEOWI?ers
Level Control PP
Auxiliary
. Systems Thrust
Comzzjrstlon Governor Power Field Stations Sl.lsn;:::ry Direction UPS
Distribution Control
Level
Small Power Thruster
Ventilation AVR and Lighting Load Sharing Networks Control Mode PRS
Level Selection
. Control Power Network
HVAC P§°§;’tr:]°s" (110vdc / Power E Stop Sensors
Y’ 24Vdc) Supplies

Independence in Design 53%

Commonalities (Non-Independent) in design with intention to verify and validate 47%

Commonalities (Non-Independent) in design without intention to verify and validate 0%

Not Applicable 9

Total Completion 100%

Reliance on active mitigation, exemption from consideration and verification and validation burden 47%
Robustness of the redundancy concept (Analysis of common (non-independent) systems) 100%

TECHOP (D-11 - Rev3 - Mar24) RCPD
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D.3.3
D.3.3.1

D.3.3.2

D.3.3.3

D.3.3.4

D.3.3.5

D.3.3.6

D.3.3.7

D.3.3.8

D.4

D.4.1
D.4.1.1

D.4.2
D.4.2.1

SIGNIFICANCE OF RESULTS - EXAMPLE 2

Total score: The focus on removing commonality from systems and a commitment to verify
compensating provision has reduced the score from 70 to 53.

Independence in design (53%): The reduction here compared to Example 1 comes largely
from the commitment to improve verification and validation effort. Although a lot of work was
done to segregate the marine auxiliary systems, commonality remains because of the main
engine’s requirement to be supported by other independent equipment groups.

Commonalities in design with intention to verify and validate (47%): This figure is more
than double that in Example 1 because there is a commitment that all compensating
provisions will be properly validated by testing, not just those required by the class notations
or established practice.

Commonalities in design without intention to verify and validate (0%): The commitment
to comprehensive verification and validation can be seen by the absence of red in the
heatmap.

Not applicable (9): This figure is the same as Example 1. No additional systems.

Total completion (100%): The analyses was completed as indicted by the green banner in
the tool output.

Reliance on active mitigation, exemption, V&V burden (47%) This figure has gone down to
47% from 58% in recognition of the absence of reds but main engine related commonality
remains.

Robustness_of the redundancy concept (100%): This high figure is entirely due to the
commitment to comprehensively verify and validate all compensating provisions.

REDUNDANCY CONCEPT — EXAMPLE 3
ANALYSIS OF EXAMPLE 3

The analysis process is identical to that for Examples 1 & 2. Appendix D - Table 4 shows
the output of running the comparator / alignment tool.

DP SYSTEM HEAT MAP FOR EXAMPLE 3

Appendix D - Table 4 is the heat map produced by the comparator tool applied to Example
3. There are still a significant number of yellows indicating that not all commonality has been
removed but commonality in the Main Engine auxiliary system has been addressed.

App D--12
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Appendix D - Table 4

Heat Map Example 3

17
Summary
Score
Fuel
MDO/HFO
Seawater
Cooling
Total Score 56
Freshwater
Cooling 6 "
Lubricating Summary 3 Summary
Oil Score Score
. . ) Summary
Service Air Engines 5 4 Score 5 Controllers 2
Sl Summary Summary St Summary Operator Summary
Sl Al Saliccl Score Score SEEgEmE Score Stations Score
Systems Systems
Main Power Oberator Battery / Thrust Power
Instrument Air Alternator Generation S?ations Capacitor 3 Magnitude SuaeEs
Level Systems Control PP
Auxiliary
. Systems Thrust
Combystlon Governor Power Field Stations Energy Summary Direction UPS
Air L Score
Distribution Control
Level
Small Power Thruster
Ventilation AVR and Lighting Load Sharing Networks Control Mode PRS
Level Selection
. Control Power . Network
HVAC Faotection (110vdc / VAR(‘:(’:‘)E“""Q Power E Stop Sensors
Y 24Vdc) Supplies

Independence in Design 60%

Commonalities (Non-Independent) in design with intention to verify and validate 40%

Commonalities (Non-Independent) in design without intention to verify and validate 0%

Not Applicable 5

Total Completion 100%

Reliance on active mitigation, exemption from consideration and verification and validation burden 40%
Robustness of the redundancy concept (Analysis of common (non-independent) systems) 100%

TECHOP (D-11 - Rev3 - Mar24) RCPD
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D.4.3
D.4.3.1

D.4.3.2

D.4.3.3

D.4.3.4

D.4.3.5

D.4.3.6

D.4.3.7

D.4.3.8

D.5

D.5.1
D.5.1.1

SIGNIFICANCE OF RESULTS - EXAMPLE 3

Total score: There are some additional systems in example 3 causing the total score to rise
slightly from 53 to 56.

Independence in design (60%): Addressing the commonalities introduced by the main
engine auxiliary systems has pushed the independence up to 60. It would have been higher,
but some low-risk commonality remains in system such as the main seawater system
because it’s likely to be uneconomic and unnecessary to remove it.

Commonalities in design with intention to verify and validate (40%): This figure has dropped
from 47% to 40% in Example 3 because there are few commonalties of any kind in the
design and all of them will be validated.

Note: This figure has fallen even though the DP system in Example 3 operates with closed
busties. This is because the independence of the main engine auxiliary systems has a
greater effect on the overall score.

Commonalities in design without intention to verify and validate (0%): The commitment to
robust verification and validation continues from Example 2.

Not applicable (5): There are some additional ‘applicable; systems associated with the
stored energy for the main engine, but they are all independent.

Total completion (100%): The analyses was completed as indicted by the green banner in
the tool output.

Reliance on active mitigation, exemption, V&V burden (40%): This figure has gone down to
40 from 47. DP systems operating with closed busties are reliant on a wide range of
protective functions, but this has been offset by reduced reliance in the main engine auxiliary
systems:

Robustness of the redundancy concept (100%): This high figure is entirely due to the
commitment to comprehensively verify and validate all compensating provisions.

REDUNDANCY CONCEPT - EXAMPLE 4
ANALYSIS OF EXAMPLE 4

Example 4 is based on a PSV rather than a DPST, but the common points occur in very
similar palaces to Example 1. The common points that are not subject to comprehensive
analysis also tend to be the same.

App D--14
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D.5.2 DP SYSTEM HEAT MAP FOR EXAMPLE 4

Appendix D - Table 5 Heat Map Example 4

20
Summary
Score
Fuel
MDO/HFO
Seawater
Cooling
Total Score 72
Freshwater
Cooling 6 16
L ; Summary Summary
Lubricating Oil Score 0 Score
Service Air Engines 9 9 Summary Score 6 Controllers 2
Engine
Starting Air Control Summary Summary Summary Ope'rator Summary
s Score Score Score Stations Score
ystems
Main Power Thrust
Instrument Air Alternator Generation g&%r:rtgr 4 Magnitude gowe"res
Level Control g
Auxiliary
Systems . Thrust
Combustion Air | Governor Power gltzlgons ggcr)r:;nary Direction UPS
Distribution Control
Level
Small Power Thruster
Ventilation AVR and Lighting Load Sharing Networks Control Mode | PRS
Level Selection
. Control Power X Network
HVAC Erotecton (10vdc / E’a‘g‘ st Power E Stop Sensors
Y 24Vdc) Supplies

Independence in Design 35%

Commonalities (Non-Independent) in design with intention to verify and validate 35%

Commonalities (Non-Independent) in design without intention to verify and validate 30%

Not Applicable 8

Total Completion 100%

Reliance on active mitigation, exemption from consideration and verification and validation burden 65%
Robustness of the redundancy concept (Analysis of common (non-independent) systems) 54%
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D.5.3
D.5.3.1

D.5.3.2

D.5.3.3

D.5.3.4

D.5.3.5

D.5.3.6

D.5.3.7

D.5.3.8

D.6

D.6.1
D.6.1.1

SIGNIFICANCE OF RESULTS - EXAMPLE 4

Total score: The total score is 72 which points towards commonality and/or lack of attention
to verification and validation. See comments D 2.3.1.

Independence in design (35%): 35% of the design is independent. The rest has elements of
commonality about half of which will receive comprehensive verification and validation, but
the remainder will not.

Commonalities in design with intention to verify and validate (35%): A poor score suggests
several common points will not be proven by testing.

Commonalities in design without intention to verify and validate (30%): This is a relatively
high score (about half of the common points). It could be considered to represent those parts
of the design that historically do not receive comprehensive verification and validation.

Not applicable (8): This is not a hybrid power system design so a number of non-applicable
results can be expected. Nor does it have safety systems such as those found in a MODU.

Total completion (100%): The analyses was completed as indicated by the green banner in
the tool output.

Reliance on active mitigation, exemption, V&V burden (65%): The instruction of common
points also introduces reliance on compensating provisions therefore reliance will be high.

Robustness of the redundancy concept (54%): This relatively low score indicated lack of
attention to verification and validation by testing.

REDUNDANCY CONCEPT — EXAMPLE 5

ANALYSIS OF EXAMPLE 5

Example 5 adds hybrid power to the PSV design in Example 4. The power system will be
operated with open 690V busties but a common DC link in single generator configuration.
The PMS becomes an EMS (Energy Management System).

App D--16
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D.6.2 DP SYSTEM HEAT MAP FOR EXAMPLE 5
Appendix D - Table 6 Heat Map Example 5
20
Summary
Score
Fuel
MDO/HFO
Seawater
Cooling Total Score 81
Freshvyater 6 16
Cooling
— . Summary Summary
Lubricating Oil Score 9 Score
Service Air Engines 9 9 Summary Score 6 Controllers 2
Sl Summary Summary Eiliizty Summary Operator Summary
Sl Al Saliicl Score Score SENEGEME Score Stations Score
Systems Systems
Main Power D . Battery / Thrust Power
Instrument Air Alternator Generation S?ati . Capacitor 4 Magnitude Supplies
Level Systems Control PP
Auxiliary
Systems ) Thrust
f A Field Energy Summary Pl
Combustion Air Governor ) Po_wel_' Stations Management Score Direction UPS
Distribution Control
Level
Small Power Thruster
Ventilation AVR and Lighting Load Sharing Networks Control Mode PRS
Level Selection
. Control Power . Network
HVAC I’Sro;?:g]osn (110vdc / VAR(::)a ring Power E Stop Sensors
Y 24Vdc) Supplies

Independence in Design 33%

Commonalities (Non-Independent) in design with intention to verify and validate 33%

Commonalities (Non-Independent) in design without intention to verify and validate 35%

Not Applicable 5

Total Completion 100%

Reliance on active mitigation, exemption from consideration and verification and validation burden 68%
Robustness of the redundancy concept (Analysis of common (non-independent) systems) 48%

TECHOP (D-11 - Rev3 - Mar24) RCPD
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D.6.3
D.6.3.1

D.6.3.2

D.6.3.3

D.6.3.4

D.6.3.5

D.6.3.6

D.6.3.7
D.6.3.8

D.6.4
D.6.4.1

SIGNIFICANCE OF RESULTS - EXAMPLE 5

Total score: The total score is 81 which is higher than Example 4 and might be expected as
there are additional common points.

Independence in design (33%): The hybrid system introduces an additional common point
in single generator configuration which is not going to be fully validated by testing.

Commonalities in design with intention to verify and validate (33%): Even more common
points will not be proven by testing compared to Example 4.

Commonalities in design without intention to verify and validate (35%): More systems are
not being tested compared to Example 4.

Not applicable (5): Lower because there are few items that don’t apply because this is a
hybrid power system design.

Total completion (100%): The analyses was completed as indicated by the green banner in
the tool output.

Reliance on active mitigation, exemption, V&V burden (68%):

Robustness of the redundancy concept (48%): Lack of attention to verification and
validation of the single generator configuration reduces the robustness of the design.

COMPARISON OF RESULTS - FROM EXAMPLES 1, 2 AND 3

Appendix D - Table 7 provides the results from the first three examples for easy comparison.

Appendix D - Table 7 Comparison of Results Examples 1,2 & 3

Example | Example | Example

Comparison of Results 1 2 3
Total Score 70 53 56
Independence in Design 42% 53% 60%
Commonalities in design with intention to verify and validate 22% 47% 40%
Commonalities in design without intention to verif){ and 36% 0% 0%
validate
Not Applicable 9 9 5
Total Completion 100% 100% 100%
Reliance on active mitigation etc. 58% 47% 40%
Robustness of the redundancy concept 38% 100% 100%
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D.6.5 COMPARISON OF RESULTS - FROM EXAMPLES 4 AND 5

D.6.5.1 Appendix D - Table 8 provides the results from examples 4 and 5 for easy comparison.

Appendix D - Table 8 Comparison of Results Examples 4 & 5

Total Score 72 81

Independence in Design 35% 33%

Commonalities in design with intention to verify and validate 35% 33%

Commonalities in design without intention to verify and validate 30% 35%
Not Applicable 8 5

Total Completion 100% 100%

Reliance on active mitigation etc. 65% 68%

Robustness of the redundancy concept 54% 48%

D.6.6 ANALYSIS OF EXAMPLE 6

D.6.6.1 Appendix D - Table 9 shows how the design was analysed using the tool to identify which
systems are independent and which have common points. Where there are common points,
the tool also records whether there is an intention to confirm the common point does not
compromise the redundancy concept by carrying out validation testing (even if it may not be

required by the classifications society).

TECHOP (D-11 - Rev3 - Mar24) RCPD
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Appendix D - Table 9

Comparator Tool

Common (Non- Remarks

Independent) Percentage of
Closed Busties Common (non-
(Reliance on Protective !\?de,pendznt)‘N ,
Functions) en?ﬁes i?\ntotal D?D
Dual Fged (Rellgnce on | system are an
Erotecﬂ?n and ride- indicator of:
roug - Reliance on
Llrdtependent Reliance on Standby active measure or
Seven Pillars — Comparator utonomy Start il e

Independence | Reliance on consideration
Segregation Changeover - Verification and
Pipework (Reliance on | Validation ‘burden
protection against Percentage  of
mechanical damage Common (non-

anc! performance independent)
attributes) ‘No’ entries in the
. . total number of

Intentlo_lr_1 tot_VaI;date by Common
ESHNYL: Systems is an
Not indication of the
o robustness of the
System Subsystem Applicable Yes Yes No redundancy
concept.

1. Select Not Applicable if necessary (V') 2. Tick One Box in Each Row 3. Review Heatmap to check

completion
Fuel v
MDO/HFO
Seawater v
Cooling
Freshwater v
Cooling
Lubricating
ol i
Marine Auxiliary | Service Air v
Systems ] ;
Starting Air v
Instrument
Air 4
Combustion
Air 4
Ventilation v
HVAC v
Engines v
Power ' Engine
Generation Control v
Systems
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Common (Non-
Independent)

Closed Busties
(Reliance on Protective
Functions)

Dual Feed (Reliance on
Protection and ride-

indicator of:
through) - Reliance on
rdtependent Reliance on Standby active measure or
Seven Pillars — Comparator utonomy Start SEMHIET [T
Independence | Rejiance on consideration
Segregation Changeover - Verification and
Pipework (Reliance on | Validation burden
protection against Percentage of
mechanical damage Common (non-
anq performance independent)
attributes) ‘No’ entries in the
Intention to Validate by té)é?:‘mrétgmber of
Testing? Systems is an
Not indication of the
o robustness of the
System Subsystem Applicable Yes Yes No redundancy
concept.

Remarks

Percentage of
Common (non-
independent)

‘Yes’ and ‘No’
entries in total DP
system are an

1. Select Not Applicable if necessary (V') 2. Tick One Box in Each Row 3. Review Heatmap to check

completion
Alternator v
Governor v
Power
Generation AVR v
Protection v
Systems
Dual fed
Main Power thruster manual
Generation v changeover
Level interlock to be
assessed
Auxiliary
Systems
Power v
Power Distribution
Distribution Level
Small Power
and Lighting v
Level
Control Dual fed
Power v thruster — check
110Vvdc / function of
24Vdc interlocks
Common
Power Operator v networks —
Management Stations conduct net
storm
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D.6.7 DP SYSTEM HEAT MAP FOR EXAMPLE 6
Appendix D - Table 10 Heat Map Example 6
DP System Heat Map
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Independence in Design 83%
Commonalities (Non-Independent) in design with intention to verify and validate 18%
Commonalities (Non-Independent) in design without intention to verify and validate 0%
Not Applicable 5
Total Completion | 100%
Reliance on active mitigation, exemption from consideration and verification and validation burden 18%
Robustness of the redundancy concept (Analysis of common (non-independent) systems) | 100%
The analysis is COMPLETE
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D.6.8
D.6.8.1

D.6.8.2

D.6.8.3

D.6.8.4

D.6.8.5
D.6.8.6

D.6.8.7
D.6.8.8

SIGNIFICANCE OF RESULTS - EXAMPLE 6

Total score: The total score is 47 which is indicates a DP system split well in line with the
redundancy concept.

° 44 is a perfect score in a redundancy concept where all listed systems are applicable,
and all systems are entirely independent.

. 132 indicates that every system has commonality and there is no intention to verify
and validate the compensating provisions.

Independence in design (83%): This shows that the system was designed to minimise the
number of cross connections and commonalities. Duplication of equipment and
infrastructure might be a cost limiting factor, however, for this example the objective was to
create a well segregated, independent system.

Commonalities in design with intention to verify and validate (18%): Of the commonalities
that do exist, (mainly networks and crossover valves) there is an intent to verify and validate
all compensating provisions.

Commonalities in design without intention to verify and validate (0%): All systems are being
tested.

Not applicable (5): No energy storage / hybrid technologies implemented on this vessel.

Total completion (100%): The analysis was completed as indicated by the green banner in
the tool output.

Reliance on active mitigation, exemption, V&V burden (18%).

Robustness of the redundancy concept (100%): All common points assessed, verified and
validated.
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RCPD Summary Appendices
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F.1 FLOW CHART SHOWING IMPACT AND APPLICATION OF RCPD
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	DISCLAIMER
	SUMMARY
	CONTENTS
	TABLES (IN MAIN DOCUMENT)
	1 INTRODUCTION
	1.1 PREAMBLE
	1.1.1 The initial versions of guidance documents on DP (Design and Operations and People) were published by the MTS DP Technical Committee in 2011, 2010 and 2012, respectively. Subsequent engagement has occurred with:
	1.1.2 Feedback has also been received through the comments section provided in the MTS DP Technical Committee Web Site.
	1.1.3 It became apparent that a mechanism needed to be developed and implemented to address the following in a pragmatic manner:
	1.1.4 The use of Technical and Operations Guidance Notes (TECHOP) was deemed to be a suitable vehicle to address the above. These TECHOP notes will be assigned the following categories:

	1.2 TECHOP NAMING CONVENTION
	1.2.1 The naming convention, TECHOP (CATEGORY (G / D / O / P) – Seq. No. – Rev. No. MonthYear) TITLE will be used to identify TECHOPs as shown in the examples below: Examples:

	1.3 MTS DP GUIDANCE REVISION METHODOLOGY
	1.3.1 TECHOPs as described above will be published as relevant and appropriate. These TECHOPs will be written in a manner that will facilitate them to be used as standalone documents.
	1.3.2 Subsequent revisions of the MTS Guidance documents will review the published TECHOPs and incorporate as appropriate.
	1.3.3 Communications with stakeholders will be established as appropriate to ensure that they are notified of intended revisions. Stakeholders will be provided with the opportunity to participate in the review process and invited to be part of the rev...


	2 SCOPE DEFINITIONS AND IMPACT
	2.1 SCOPE / OBJECTIVE
	2.1.1 Classification societies require submittal of a DP Vessel ‘Redundancy Concept Philosophy Document’ (RCPD) in the early stages of the design approval process.
	2.1.2 Such a DP Vessel redundancy concept document can be leveraged to promulgate a systems thinking / systems engineering approach. It can aid in the alignment of the multitude of diverse stakeholders who influence the design and construction of a DP...
	2.1.3 This document provides guidance on the preparation of a DP Vessel ‘Redundancy Concept Philosophy Document’ in the early stages of the design approval process.

	2.2 IMPACT ON PUBLISHED GUIDANCE
	2.2.1 None

	2.3 DEFINITIONS
	2.3.1 Redundancy Groups: DP systems intended to meet the requirements of IMO DP equipment classes 2 and 3 are to be single fault tolerant based on the provision of redundant systems. DP systems complying with these requirements will consist of two or ...
	2.3.2 Independent Groups: It is frequently the case in the design of larger DP vessels that there are several independent DP equipment groups which are not subject to a common failure, but which can only develop surge, sway and yaw in combination with...
	2.3.3 Common Points (X Groups): Components within systems that are shared by more than one independent group or redundant group may be assigned to a common X-Group of components. These common points between the redundant or independent groups are faul...
	2.3.4 Single Fault Tolerance (of DP systems): Within the scope of design, single Fault Tolerance is the property of a DP System which allows it to maintain position and heading within a defined environmental envelope for long enough to safely terminat...
	2.3.5 Single Failure Propagation Analysis (SFPA): SFPA is the formal tabular FMEA process applied to common points or X groups to determine the effects of failures that may propagate between redundant or otherwise independent DP equipment groups.
	2.3.6 Compensating Provisions: Compensating provisions are applied to common points to mitigate the effects of fault propagation (prevent drift off). They may include protective functions such as overcurrent protection and attributes such as fault rid...
	2.3.7 Verification and Validation: In the context of DP systems, verification is the process of confirming that a DP system has been constructed to the design. Validation is the process of confirming the designs achieves its performance objectives and...
	2.3.8 Burden over Lifecycle: The term ‘burden’ is used throughout the text to refer to the effort of assuring the station keeping integrity of the DP system.
	2.3.9 Common cause failures: In the context of DP system FMEAs, the terms ‘common cause failure’ is used to describe a failure which has the effect of causing malfunction in more than one redundant equipment group. Each redundant group may malfunction...
	2.3.10 Common mode failure: Common mode failure is a subset of common cause failure in which the redundant elements malfunction in the same way. A short circuit fault on a common power distribution system may cause a voltage dip in all redundant equip...
	2.3.11 Failure Mode and Effects Analysis: Failure Modes and Effects Analysis (FMEA) means a systematic analysis of systems and sub-systems to a level of detail that identifies all potential failure modes down to the appropriate sub-system level and th...
	2.3.12 Failure Mode: The failure mode is the manner in which something fails. For example, a cable may fail to short circuit, open circuit or ground fault). These are the modes of failure.
	2.3.13 Failure Effect: The failure effect is the way in which the DP system responds to a particular failure mode. Where a component or system has several modes of failure the effect may be different for each failure mode. For example, a cable ‘open c...


	3 CASE FOR ACTION
	3.1 INTRODUCTION
	3.1.1 The redundancy concept is a critical element of DP vessel design.  Experience suggests that failure to document and communicate the redundancy concept from project outset can lead to misunderstandings, unnecessary compromises and poor design cho...

	3.2 TRANSPARENCY IN DESIGN PHILOSOPHY
	3.2.1 The RCPD should seek to describe the way that single fault tolerance (and any other related objectives) is to be achieved.  The concept should be described in a manner that relevant stakeholders such as classification societies, integrators, des...
	Note: Class may have their own specification for an RCPD
	3.2.2 Although the detailed design may not be concluded at the time the redundancy design philosophy document is published, there should be sufficient understanding of how the basic design will be translated into the detailed design.

	3.3 INTEGRATION
	3.3.1 Integration is a critical activity in the development of the detailed design of a DP system. It is also the point at which there is a risk of compromising the redundancy design intent.
	3.3.2 This is most likely to happen when those involved in the integration process make incorrect assumptions about the redundancy design intent and the means by which fault tolerance is to be achieved.
	3.3.3 The RCPD, when leveraged effectively, could prove to be an effective barrier against the potential to compromise the redundancy concept during the integration.

	3.4 EFFECTIVE ASSURANCE ACROSS THE SUPPLY CHAIN
	3.4.1 Effective assurance across the supply chain requires that:

	3.5 COMMUNICATE CONCEPT TO DIVERSE STAKEHOLDERS
	3.5.1 The RCPD should be leveraged as an effective communication and alignment tool across the diverse group of stakeholders who either influence the redundancy concept or are impacted by it.
	3.5.2 Part of the development process for the RCPD should be to identify and document all such stakeholders (e.g., Ship Designers / Shipyards (Integrators), Key DP Equipment OEMs and Suppliers, Vessel Owners, Classification Societies, Independent 3rd ...
	3.5.3 APPENDIX F of this TECHOP contains a flowchart that shows how the RCPD could be used to influence and assist decision making throughout the DP vessel’s lifecycle.

	3.6 CLASS COMPLIANCE
	3.6.1 Classification societies have their own requirements for DP philosophy documents to be submitted as part of the approval process (which are typically a subset of the requirements in the RCPD). These documents are specified in their rules and are...
	3.6.2 The RCPD should describe a class compliant design, but it may also describe additional features or elements of non-critical redundancy (over and above those required by the specific class DP notation) which are part of the owner’s specification....


	4 ESSENTIAL ELEMENTS OF A REDUNDANCY CONCEPT PHILOSOPHY DOCUMENT (RCPD)
	4.1 TECHNICAL GUIDANCE RESOURCES
	4.1.1 Development of a reliable, robust and resilient DP redundancy concept requires a working knowledge of the fundamental concepts of single fault tolerant systems based on redundancy such as the essential elements of performance, protection and det...

	4.2 SEVEN PILLARS
	4.2.1 The RCPD is a narrative description of the DP system design and its objectives, with particular focus on how single fault tolerance is achieved, supported by graphical representation of the redundant and functional groups that form the DP system...
	4.2.2 The RCPD leverages the concept of the seven pillars. The Seven Pillars are desirable attributes in DP system design that help avoid unnecessary commonality, dependencies and other fault propagation paths. The seven pillars are:
	4.2.3 Autonomy: Build intelligence into main machinery such as thrusters and generators, to enable the equipment to make itself ready to participate in dynamic positioning with the minimum amount of external control.
	4.2.4 Independence: Major systems and main machinery such as thrusters and generators should be self-contained and have all the services they require to operate. Such services should be dedicated to that equipment and not be shared with other equipmen...
	4.2.5 Segregation: Minimise the number of cross connections between different redundancy groups.
	4.2.6 Differentiation: Differentiation or diversity can be useful tools where systems are vulnerable to common cause failures.
	4.2.7 Fault resistance: The property of components or systems to retain their operational capabilities and performance in a challenging environment.
	4.2.8 Fault ride through: The ability of equipment to continue in operations without malfunction after being exposed to the effects of failures in equipment to which they are connected.
	4.2.9 Fault tolerance: The ability of equipment or systems to continue in operation after suffering a fault.
	4.2.10 APPENDIX D describes the process of cross-referencing the Seven Pillars to design elements of the functional groups that form the DP system. At this stage in the design process, it is less important to know which of the pillars has been comprom...

	4.3 IDENTIFICATION OF VULNERABILITIES WITHIN THE REDUNDANCY CONCEPT
	4.3.1 Common points that span the redundancy groups and cross connections that connect the redundant groups introduce failure propagation pathways which could potentially defeat the redundancy concept.
	4.3.2 It is acknowledged that it may not be possible to eliminate all common points and their potential fault propagation paths from a fault tolerant DP system based on redundancy.  Some common points are introduced to achieve desired benefits. In suc...
	4.3.3 Notwithstanding the above, the design should strive to minimize the number and influence of:

	4.4 COMMON POINTS
	4.4.1 The term ‘common point’ usually refers to a tangible physical point within a DP system where two or more redundant groups meet. Unnecessary or unjustified common points should be eliminated but where common points remain, it is essential they be...
	Note:  Commonality as referenced in this document includes both tangible physical points or logical interfaces where two or more redundant groups meet or can be influenced.


	4.5 CROSS-CONNECTIONS, COMMONALITY, EXTERNAL INFLUENCES AND INTERFACES
	4.5.1 Cross connections are one way in which a fault may propagate from one redundant DP equipment group to another. Cross-connections are often added with the intention of providing additional redundancy by supplying ‘backup’ power to consumers in on...
	4.5.2 ‘Commonality’ refers to shared resources or attributes – A dual fed thruster introduces commonality into a DP system. It may also refer to commonality created by an interface to industrial mission equipment, hotel services, life support and safe...

	4.6 MISSION EQUIPMENT
	4.6.1 The RCPD is not intended to address the redundancy requirements of mission critical equipment such as drilling systems, pipelaying systems, diving systems, cargo handling systems and so on. In other words, systems which are not directly related ...

	4.7 SAFETY SYSTEMS
	4.7.1 The RCPD is not intended to assess the vessel’s safety systems, but it is intended to assess the impact of these on the DP redundancy concept. In particular, the design of safety systems should not introduce fault propagation paths and the failu...

	4.8 DEPENDENCIES
	4.8.1 The term ‘dependencies’ also indicates a shared resource or a relationship in which the continued operation of one system or element is dependent on another. Unlike ‘commonality’ dependencies may exist within the same redundancy group. Example –...

	4.9 MITIGATIONS AND PROCESSES TO ADDRESS THE VULNERABILITY
	4.9.1 In circumstances where identified vulnerabilities cannot be eliminated, their effects must be mitigated to an acceptable degree by the application of compensating provisions. Although it may not be possible to identify exactly what compensating ...

	4.10 ADDRESSING THE LIFE CYCLE MAINTENANCE BURDEN
	4.10.1 DP redundancy concepts which rely very heavily on active protective functions, performance attributes and standby redundancy for their fault tolerance may impose a heavy burden on the vessel and its crew in the reverification activities over th...


	5 STRUCTURE OF RCPD
	5.1 STRUCTURE
	5.1.1 A RCPD takes the form of a short report utilising narrative, tables and sketches to communicate the important elements of the DP system’s redundancy concept. Appendix A contains the main body of an example RCPD.  Appendices B, C and D of this TE...

	5.2 CONTENT OF RCPD AND RELATIONSHIP TO THIS TECHOP
	5.2.1 Table 5–1 describes the recommended content for a RCPD.  It should be recognized that Class Societies may have specific submittal requirements.


	6 ASSESSMENT OF REDUNDANCY CONCEPT USING HEAT MAP
	6.1 PURPOSE OF ASSESSMENT
	6.1.1 The last entry in Table 5–1 above calls for an assessment of the redundancy concept with reference to the seven pillars. The purpose of this is two-fold:
	6.1.2 The assessment will use a heat map format, with red, yellow, green and grey used to indicate the degree of divergence form the desirable attributes that form the seven pillars. – An example is given in Appendix A.

	6.2 ADDRESSING ISSUES RAISED BY REDUNDANCY CONCEPT HEAT MAP
	6.2.1 The Design Process and Redundancy Concept Philosophy Assessment should be used iteratively to maximise the extent of ‘green’ systems in the heat map.
	6.2.2 Where systems are categorised as yellow or red, it is recommended to:
	6.2.3 The burden of verification and validation and impacts across the diverse group of stakeholders should not be underestimated.
	6.2.4 It is essential that the design of the documentation and records of activities such as Factory Acceptance Testing (FAT), System Integrated Testing (SIT), Customer Acceptance Testing (CAT) FMEA Proving Trials, assurance and validation of interfac...


	7 ROLES AND RESPONSIBILITIES
	7.1 PURPOSE
	7.2 INTEGRATION
	7.2.1 Integration is one of the most crucial tasks in any vessel construction project. Failure to manage integration issues effectively has the potential to impact a project so severely that the vessel never achieves its design potential. Oversight of...
	7.2.2 The process of the overseeing and implementing a DP vessel design concept involves many stakeholders. Consequently, it should be recognized that the ‘contracting philosophy’, employed at each level of design and the various disciplines involved,...
	7.2.3 The responsibilities of each stakeholder for a given project should be clearly defined by contract, communicated to, and understood by all parties involved in the design and execution of the design. An effective RCPD can assist in communicating ...
	7.2.4 While each contract will differ, it is important to understand that it is the responsibility of the vessel owner to adequately staff the project with sufficient resources in each discipline to diligently oversee the entire design process as well...
	7.2.5 While some flag states have extensive design codes in place, it is not uncommon for flag state rules to defer to one of the class society’s codes for design criteria.

	7.3 ROLE OF THE INTEGRATOR
	7.3.1 Although there are several different types of shipyard contract, the equipment specified by the design must be integrated into a system. Overall responsibility for the effectiveness of this process lies with the Integrator’.
	7.3.2 When the term “Dynamic Positioning System” is used it refers to the fully integrated vessel systems. There are numerous disciplines, vendors, flag state requirements, class society requirements and design basis requirements that must be integrat...
	7.3.3 The integration process must be closely monitored from the basis of design through to the delivery of the vessel. Design / system reviews at identified points, with the participation of relevant stakeholders, facilitates the integration process.
	7.3.4 With the exception of a complete design and build contract, the shipyard works from a conceptual design by others. The shipyard must interpret designs from:
	7.3.5 From these interactions, the shipyard will, produce detailed designs across all disciplines, from which they then fabricate and assemble the hull and systems. Ultimately, the design must be commissioned and tested as an integrated system per the...

	7.4 POTENTIAL PATHWAYS
	7.4.1 The decisions and choices made by the integrator can have a significant and lasting impact on many aspects of the DP vessel’s construction and operational life including:
	7.4.2 In relation to the role of the integrator, there are two potential pathways that a DP vessel newbuilding project may take:
	7.4.3 In the case of the first pathway, roles, responsibilities and ownership cease at the end of build phase. In the second pathway, ownership extends through the build cycle and into operations.
	7.4.4 In the case of a speculative newbuild, there is no requirement to consult with the end-user charterer (as one has not yet been identified) although a prudent vessel owner will familiarise himself with expectations of prospective clients. Many ve...
	7.4.5 In some cases, a design may be considered so complex that the role of the integrator resides with one of the major system suppliers. Occasionally this may be the power system manufacturer or the automation system supplier.
	7.4.6 Regardless of the chosen pathway, the vessel project may take, an end-user charterer will typically become involved at some point. Although they may have more limited opportunities to influence the design they will typically want to know:

	7.5 RASCI CHART
	7.5.1 RASCI is an acronym of responsible, accountable, supportive, consulted, and informed. It is used to show the relationship between key stakeholders (roles) within an organisation and tasks that have to be carried out.
	7.5.2 Two RASCI charts are presented below, one for each of the two pathways that a newbuilding DP vessel project might follow. They are populated as follows:

	7.6 KEY FOCUS AREAS
	7.6.1 Common points, dependencies, and compensating provisions are key focus areas for the integrator. There is sometimes an expectation amongst various stakeholders and groups involved in the design and construction process that common points and vul...


	8 DELIVERABLES
	8.1 DOCUMENTATION
	8.1.1 Deliverables needed to demonstrate that the RCPD has achieved a ‘Systems Engineering’ approach and addressed verification and validation burden throughout the vessel’s entire lifecycle. This objective should be achieved by following the guidance...

	8.2 OUTLINE CONTENT
	8.2.1 The outline content listed below may form the Table of Contents for a DP Redundancy Concept Philosophy Document for use by all stakeholders involved in developing, validation and verifying the DP redundancy concept and constructing the vessel an...

	8.3 DOCUMENTATION FORMAT
	8.3.1 It is anticipated that the RCPD would be a narrative document in the form described in this TECHOP with appendices containing lists of common points, Heat Maps from the assessment tool and colour coded sketches of the major systems and subsystem...
	8.3.2 Three items are available from the MTS DP committee website to assist in this process.


	9 SUGGESTED IMPLEMENTATION STRATEGY
	9.1 USE OF THE RCPD
	9.1.1 The RCPD is intended to be used to assist in the development of basic and detailed design for newbuildings and major conversions of DP vessels. It was not developed as a tool to assess or score the redundancy concepts or FMEAs of DP vessels that...

	9.2 DEVELOPING THE RCPD
	9.2.1 The vessel owner may wish to engaged resources or organisation who are familiar with the concepts of fault tolerant systems for dynamic positioning systems.

	9.3 TIME SCALE
	9.3.1 The RCPD should be developed at an early stage, and in parallel with, the basic design. Care should be taken not include too much detail or aspects of the detailed design to avoid delaying publication of the RCPD. Early engagement with stakehold...

	9.4 WHAT IS THE DELIVERABLE?
	9.4.1 The deliverable is a Redundancy Concept Philosophy Document in the format described in this TECHOP.

	9.5 CLOSING THE LOOP
	9.5.1 The RCPD may undergo some iteration as basic design develops into detailed design but there should not be any major changes in the fundamentals of the redundancy concept without good reason. Where such changes are found to be necessary, the impa...


	10 MISCELLANEOUS
	APPENDICES
	APPENDIX A RCPD EXAMPLES
	A.1 EXAMPLE 1 – DPST HIGH COMMONALITY
	A.1.1 Introduction
	A.1.1.1 This Redundancy Concept Philosophy Document (RCPD) has been produced to communicating important concepts relating to the design of the DP system on the DP class 2 Shuttle Tanker ‘Trendsetter Melody’.

	A.1.2 objective
	A.1.2.1 The RCPD is intended to supplement the vessel’s build specification in matters related to dynamic positioning. The intended audience for the RCPD include all stakeholders involved with the design and build of the vessel including:

	A.1.3 Vessel industrial mission(s)
	A.1.3.1 The Trendsetter Melody is to be a DP class 2 shuttle tanker carrying out crude oil offtake from FPSOs.

	A.1.4 Vessel overview
	A.1.4.1 The Trendsetter Melody is the first in a series of six Melody class DP Shuttle Tankers. It is to be built to classification society rules for rules for DYNA – DP2 and will be registered with the flag of Shangri-La. The vessel has the following...
	A.1.4.2 Appendix A – Table 1 provides details of the vessel’s main particulars.  Appendix A – Figure 1 provides a vessel overview.

	A.1.5 DP RELATED EQUIPMENT AND MACHINERY
	A.1.5.1 The vessel design includes:
	A.1.5.2 Appendix A – Table 2 provides details of the generators.  Appendix A – Table 3 provides details of the thrusters and main propulsion.

	A.1.6 Classification NOTATION / Equipment class
	A.1.6.1 The design of the vessel’s DP system will comply with:

	A.1.7 DP System Operating configurations
	A.1.8 Codes, Standards and Guidance
	A.1.9 Owner’s requirements
	A.1.10 Redundancy design intent(s)
	A.1.10.1 The DP system of the ‘Trendsetter Melody’ is to be designed as five equipment groups which can be considered to be independent in respect of common causes of failures when the failure criteria for DYNA-DP2 are applied.
	A.1.10.2 Note: As with IMO MSC 1580, DYNA DP 2 accepts a degree of commonality in the form of cables, pipework and other passive components. It requires no physical separation of redundant groups beyond that required for the main class rules. DYNA-DP2...
	A.1.10.3 Appendix A – Figure 2 and Appendix A – Figure 3 show how the diesel electric power plant for the thrusters and the main engine driven propeller are assigned to three or five independent equipment groups depending on how the DP system is confi...
	A.1.10.4 Appendix A – Figure 4 shows the power system and its connections to the main engine when configured as five independent DP equipment groups. However, the independence of these groups is heavily reliant on allowances made under DYNA-DP 2.
	A.1.10.5 When configured for three independent groups, the bus-tie circuit breakers between C & D and B & A are closed to create two power systems. Either of these two ‘combined’ power systems may be lost as the result of a single failure because the ...

	A.1.11 Worst case failure design intent(s)
	A.1.11.1 For three independent groups the WCFDI is defined as:
	A.1.11.2 For five independent groups the WCFDI is defined as:

	A.1.12 USE OF THE TERMS 2-SPLIT AND 4-SPLIT IN VESSEL DOCUMENTATION
	A.1.12.1 The terms ‘2-Split’ and ‘4-Split’ are in common usage. The potential for miscommunication exists as the terms may be used in association with either:
	A.1.12.2 ‘2-Split’ is used to describe the configuration when the busties between bus sections B & C and D & A are open and the others are closed. The post-failure DP capability is as defined for 3 independent DP equipment groups.
	A.1.12.3 ‘4-Split’ is used to describe the configuration when all the 6.6kV busties are open. the WCFDI is as defined for 5 independent DP equipment groups.
	A.1.12.4 In both configurations, there is a reliance on the integrity of common pipework, protective functions, changeovers and standby equipment operating upon demand / when required to maintain the appropriate post worst case failure capacity.

	A.1.13 System sketches
	A.1.13.1 Appendix D of this TECHOP shows how the redundancy design intent is achieved on a system-by-system basis. In the actual RCPD document these sketches would also be included in an appendix to that document.
	A.1.13.2 Seven example redundancy concepts are presented in this TECHOP:

	A.1.14 Adherence to seven pillars
	A.1.14.1 The Seven Pillars comparator in APPENDIX D and the associated heat map provides a visual indication of the degree of commonality in the DP system as follows:

	A.1.15 Divergence from autonomy independence and segregation
	A.1.15.1 A list of common points was extracted from the system sketches in APPENDIX C. these are further analysed in the Seven Pillars comparator in APPENDIX D.

	A.1.16 Expectations for verification and validation
	A.1.16.1 Intention to validate: The owner has specified that the following tests will be carried out whether or not they are required by the classification society for notation Dyna-DP2:
	Note: In the absence of instructions in the vessel owner’s specification, the shipyard will take their instruction on what verification and validation testing is required from class. Thus, any testing not required by the specified DP notation or not c...


	A.2 CONCLUSIONS TO RCPD FOR EXAMPLE 1
	A.2.1.1 The DP redundancy concept of the Trendsetter Melody is based on 5 partially independent DP equipment groups which rely for their fault tolerance on:

	A.3 EXAMPLE 2 – DPST RCPD LOW COMMONALITY
	A.3.1 LIFE CONCEPT
	A.3.1.1 Example 2 has been modified from Example 1 by applying the principles of autonomy, independence and segregation embedded within the Low Impact Failure Effect (LIFE) Concept.
	A.3.1.2 The LIFE concept utilises the principle of critical and non-critical redundancy to increase the reliability of each independent DP equipment group. The terms are defined as follows:
	A.3.1.3 Marine systems: In the case of marine auxiliary systems this involves providing two 100% duty /standby pump pairs and two 100% heat exchangers. Unlike Example 1 the pump’s power supplies both originate within the same independent equipment gro...
	A.3.1.4 In the case of control power supplies, it will typically involve adding additional 24Vdc power supplies or additional UPS, all within the same independent equipment group.

	A.3.2 DESIGN CHOICES
	A.3.2.1 The benefits of adding non-critical redundancy can be:


	A.4 EXAMPLE 3 – DPST RCPD LOW COMMONALITY CLOSED BUSTIES
	A.4.1 main engine auxiliaries
	A.4.1.1 A significant part of the commonality in Example 1 was associated with power supplies from other DP redundancy groups supplying power to main engine auxiliary systems. Attempts were made to address this to some extent in Examples 2 but because...

	A.4.2 Hybrid power for the main engine
	A.4.2.1 There are several ways in which the main engine could be made truly independent in terms of its electrical power supply such that it can be considered an ‘Independent DP Equipment Group’:


	A.5 EXAMPLE 4 – PSV
	A.5.1.1 Example 4 is a conventional low voltage diesel electric platform supply vessel design. The Trojan Warrior, as it is called, has many of the common points found in vessels of this type and which are known to cause DP incidents.

	A.6 EXAMPLE 5 – PSV WITH HYBRID POWER PLANT
	A.6.1.1 Example 5 is a development of Example 4 which adds hybrid power and single generator operation to the design in Example 4. It could be typical of an upgrade for hybrid power.

	A.7 EXAMPLE 6 – ‘IDEALISED’ DP2 PSV DESIGN WITH MINIMAL CROSS CONNECTIONS
	A.7.1.1 Example 6 is a conventional diesel electric PSV wherein the system has been designed with a high level of independence and segregation so as to minimise cross connections and commonalities thus limiting fault propagation pathways.
	A.7.1.2 This is a bespoke, ‘idealised’, design to illustrate the RCPD process and is not based on any of the previous examples.
	A.7.1.3 The vessel has a conventional PSV hull form with engine room, bridge and accommodation forward and cargo stores and working deck aft.
	A.7.1.4 Appendix A – Table 6 below provides details of the vessel’s main particulars.
	A.7.2 DP RELATED EQUIPMENT AND MACHINERY
	A.7.2.1 The vessel design includes:
	A.7.2.2 Appendix A – Table 7 provides details of the generators.  Appendix A – Table 8 provides details of the thrusters and main propulsion.

	A.7.3 Classification NOTATION / Equipment class
	A.7.3.1 The design of the vessel’s DP system will comply with:

	A.7.4 DP System Operating configurations
	A.7.4.1 The DP system is designed to operate in a single configuration for DP:

	A.7.5 Codes, Standards and Guidance
	A.7.6 Owner’s requirements
	A.7.7 Redundancy design intent(s)
	A.7.7.1 The DP system of the ‘Captain Waves’ is to be designed as two (port and starboard) equipment groups which can be considered to be independent in respect of a common causes of failures when the failure criteria for DPOS-DP2 are applied.
	A.7.7.2 Note: As with IMO MSC 1580, DPOS-DP2 accepts a degree of commonality in the form of cables, pipework and other passive components. It requires no physical separation of redundant groups beyond that required for the main class rules DPOS-DP2 do...
	A.7.7.3 Appendix A – Figure 5 shows how the diesel electric power plant for the thrusters is divided into two independent and redundant equipment groups.
	A.7.7.4 There is a changeover thruster (T5) that has been designed to ensure minimal commonalities and no propagation of failure effects. Changeover is not considered to contribute to post failure capability. It is normally assigned to the starboard p...

	A.7.8 Worst case failure design intent(s)
	A.7.8.1 The vessel’s Worst Case Failure Design Intent is defined as follows:
	A.7.8.2 No single failure as defined for Class notation DPOS–DP2 will have a greater effect on the vessel’s ability to maintain position and heading than the loss of the starboard side of the Main Switchboard (including T5).

	A.7.9 Expectations for Verification and Validation
	A.7.9.1 The following tests will be carried out whether or not they are required by DPOS–DP2.
	A.7.9.2 All compensating provisions used to address common points will be tested for effectiveness. In particular:
	Network storm and throughput testing will be carried out on data communication networks.
	All DP system components will be tested to prove their performance.
	Note: In the absence of specific instructions in the vessel owner’s specification, the shipyard will take owner’s instruction on what verification and validation testing is required.
	A.7.9.3 Thus, testing may be required even if:



	APPENDIX B SYSTEM SKETCHES
	B.1 EXAMPLES 1 2 3 & 4 INTRODUCTION TO SYSTEM SKETCHES
	B.1.1 GENERAL
	B.1.1.1 Several sets of example sketches are presented:

	B.1.2 Example 1
	B.1.2.1 The schematics that follow show the commonality introduced into selected subsystem of the DP system by the use of common pipework, heat exchangers and standby redundancy.
	B.1.2.2 The presence of the colour associated with more than one redundancy group reveals the lack of autonomy, independence and segregation.

	B.1.3 Example 2
	B.1.3.1 The schematics for Example 2 show much of the commonality can be designed out by adherence to the principles of autonomy, independence and segregation.  A more robust redundancy content can be developed which reduces the burden of periodic ver...

	B.1.4 Example 3
	B.1.4.1 Example 3 takes the concept of independent systems developed in Example 2 even further but adds Closed Busties configuration to the list of features in the redundancy concept. Although single fault tolerance in closed busties operation relies ...

	B.1.5 Example 4
	B.1.5.1 Example 4 is an entirely new vessel example typical of diesel electric platform supply vessels or a small construction vessel with a dual fed thruster forward.

	B.1.6 Example 5
	B.1.6.1 Example 5 is an upgrade to Example 4 adding hybrid power in the form of a Battery Energy Storage System.

	B.1.7 Example 6
	B.1.7.1 This is an additional example created to illustrate an ‘idealised’ vessel design which would minimise cross connections and commonalities to achieve a high degree of independence and segregation. This example was requested by the DP community ...


	B.2 SCHEMATICS – EXAMPLE 1
	B.2.1 Power Distribution System (FIVE INDEPENDENT GROUP CONCEPT)
	B.2.1.1 Appendix B – Figure 1 shows the 6.6kV, 440V and 220V power distribution systems. There are four 6.6kV and four 440V bus sections, the majority of auxiliary systems for all groups are powered from the centre sections designated ‘Groups B and C’.
	B.2.1.2 A feature of concentrating all the auxiliary services on just two of the four switchboards is that redundancy and fault tolerance is heavily reliant on standby redundancy. In particular, there are seven pumps supplying services to the main eng...

	B.2.2 Generator and Main Engine Fuel System
	B.2.2.1 The vessel’s fuel system is shown in Appendix B – Figure 2 and Appendix B – Figure 3.  The power plant is designed to operate on several different types of fuel including:
	B.2.2.2 In normal operation (including DP) the engines burn either Heavy fuel Oil or Low Sulphur Heavy Fuel Oil. In this configuration all fuel is sourced from a single service tank for all diesel generators.  Thus, a potential common mode failure exi...
	B.2.2.3 Appendix B – Figure 3 shows the main engine fuel supply system.
	B.2.2.4 There are two fuel processing modules within the auxiliary generator fuel systems and a third for the main engine. All fuel processing for HFO / LSHFO is dependent on groups B or C and is configured as shown in Appendix B – Figure 4.

	B.2.3 Fuel Heating for HFO
	B.2.3.1 Heavy Fuel Oil heating is by steam. The steam system is based on boilers and has redundancy in technical design but there is commonality in pipework which allows operations and a common system or a two-way split. In the event of steam system f...

	B.2.4 Generator 3 & 4 Freshwater Cooling System
	B.2.4.1 Appendix B – Figure 5 shows the G3 & G4 (Group C&D) Freshwater cooling system. This system also serves T4 in Group B. Commonality introduced by pipework heat exchangers pumps and remotely controlled valves is addressed by planned maintenance a...

	B.2.5 Generator 1 & 2 and Main Freshwater Cooling System
	B.2.5.1 Appendix B – Figure 6 shows the main FW cooling system. This system serves three of the five ‘independent’ DP equipment groups. Commonality and reliance on standby redundancy so introduced, is added to the list of dependencies to be addressed ...

	B.2.6 Forward Freshwater Cooling System
	B.2.6.1 Appendix B – Figure 7 shows that the forward FW system serves three of the five ‘independent DP equipment groups.  Addressing the risks posed by this commonality adds to the burden of periodic testing and planned maintenance.

	B.2.7 Generator Main and Forward SW Cooling System
	B.2.7.1 Appendix B – Figure 8 shows the seawater systems are not divided along the lines of the redundancy concept and neither are the freshwater cooling systems they serve.

	B.2.8 Lubricating Oil System
	B.2.8.1 Appendix B – Figure 9 shows the Lubricating Oil transfer and purification system is common to all four diesel generators. Procedures and oil sampling are used to mitigate the effects of the commonality so introduced.

	B.2.9 Compressed air SYSTEMS
	B.2.9.1 Appendix B – Figure 10 shows the compressed air systems are common to all four diesel generators. The commonality so introduced is mitigate by the fail-safe nature of the equipment served by the compressed air systems. Engines and thrusters al...

	B.2.10 110Vdc & 24Vdc Control power
	B.2.10.1 Appendix B – Figure 11 shows the 110Vdc and 24Vdc control power distribution systems. This system is based on two independent groups. Compliance with the WCFDI for the 5-Group concept is achieved by the use of cross connections. These cross c...

	B.2.11 Remote Valve control System
	B.2.11.1 The vessel has an extensive remote valve control system. A small part of that system is dedicated to the control of the fuel cut off valves for the power plant fuel transfer and storage system shown in Appendix B – Figure 12.  Both the pneuma...

	B.2.12 Data COMMUNICATION networks
	B.2.12.1 Appendix B – Figure 13 shows the data communication networks are arranged as a dual redundant data highway. A dual-star type arrangement is used with Network Distribution Units connected by a Fibre Optic backbone.  Every field station and ope...

	B.2.13 DP CONTROL SYSTEM
	B.2.13.1 Appendix B – Figure 14 shows the DP control system. It is produced by an established DP control system manufacturer. It benefits from a very large installed base which allows some conclusions to be drawn about its reliability. The DP control ...
	B.2.13.2 Fault tolerance is based on protective functions which:
	B.2.13.3 Extensive use is made of the model-based protection.
	B.2.13.4 Within the hardware architecture there are a number of common points associated with data communication and power supplies.
	B.2.13.5 The verification and validation traditionally performed for Dyna DP2 includes type approval of the DP control system but does not include testing a comprehensive set of failure modes.
	B.2.13.6 Function testing and limited testing of changeovers and dual supplies forms the bulk of the testing traditionally done to verify fault tolerance.
	Note: The word RED in the figure below is a reference to the Redundancy Net or RED Net


	B.3 SCHEMATICS – EXAMPLE 2
	B.3.1 Introduction
	B.3.1.1 The actual RCPD to be delivered to stakeholders would typically contain only one example redundancy concept (though it may have undergone several iterations and include several possible configurations). However, for the purposes of this TECHOP...

	B.3.2 MODIFICATIONS TO EXAMPLE 1
	B.3.2.1 The sections that follow show changes made to Example 1 to create Example 2. Systems not shown remain unchanged. However, in this example the Vessel Technical Operator (VTO) has a strong commitment to autonomy, independence and segregation com...

	B.3.3 Power Distribution System (FIVE INDEPENDENT GROUP CONCEPT)
	B.3.3.1 Appendix B – Figure 15 shows how the principles of autonomy independence and segregation have been applied to the same four generator, four main switchboard arrangement to produce the highly autonomous design below. This design has much less r...

	B.3.4 AUTONOMOUS GENERATORS and THRUSTERS
	B.3.4.1 Autonomous designs lend themselves to the development of compact self-contained generators and thrusters which are modular in nature. This has the effects of:

	B.3.5 TREATMENT of the MAin engine
	B.3.5.1 DP shuttle tankers will typically have a large low-speed main engine for use during transit.  From a DP perspective the main engine, CPP and rudder are treated as a transferable engine driven thruster which is intended to be independent in so ...
	B.3.5.2 Difficulties in creating a truly autonomous design arise when the main engine has no dedicated independent source of electric power. In such designs the main engine power is supplied from the main power generations system by way of duals suppl...
	B.3.5.3 Other methods to improve main engine autonomy include:
	B.3.5.4 The method used in Example 2 is based on the use of variable speed pumps operating in parallel such that there is no duty standby function. On loss of one running pump the other running pump will assume the entire cooling function. This is ana...
	B.3.5.5 It may not be possible or even desirable to remove all common points from a DP system design as some are there to provide identified benefits. However, reducing the number of unnecessary cross connections and common points allows a finite veri...

	B.3.6 Fuel System
	B.3.6.1 Appendix B – Figure 16 and Appendix B – Figure 17 show a fully segregated fuel system with all commonalities removed. The need to provide storage for such a wide variety of fuel types makes the fuel supply system look more complex than Example...

	B.3.7  Fuel Heating for HFO
	B.3.7.1 Heavy Fuel Oil Heating is by steam. The steam system is based on boilers and has redundancy in technical design and is segregated in a manner that matches the five-way split in the redundancy concept. The engines can transfer automatically to ...

	B.3.8 110Vdc & 24Vdc Control Power (FIVE INDEPENDENT GROUP CONCEPT)
	B.3.8.1 Appendix B – Figure 18 shows a fully segregated control power supply system. Additional robustness has been added by providing the 24Vdc section with its own stored energy. If the main engine does not have its own power generations, then it ma...

	B.3.9 Quick Closing Valves
	B.3.9.1 Appendix B – Figure 19 shows a revised system for the fuel system QCVs. In this design the common air supply has been proven to be acceptable because of the fail-safe nature of the valves on loss of air pressure. The risk of a single point fai...

	B.3.10 Main Seawater cooling system
	B.3.10.1 Appendix B – Figure 20 shows the revised main seawater cooling system. Some commonality has been retained in this design as it is accepted that the risks and consequences of pipework failure in a seawater system are lower and there is typical...
	B.3.10.2 In a fully segregated system, it is not necessary to provide a standby pump from a DP redundancy concept perspective however it may improve the operability and maintainability of the system to do so, and cooling water pumps and heat exchanges...

	B.3.11 Forward SEAWAtER SYStEM
	B.3.11.1 Appendix B – Figure 21 shows the revised forward seawater cooling system. This design has full segregation and lends itself to a modular self-contained approach. As with the main seawater system, the use of non-critical redundancy is not esse...

	B.3.12 Forward FRESHWATER Cooling SYsTEM
	B.3.12.1 Appendix B – Figure 22, Appendix B – Figure 23 and Appendix B – Figure 24 show the freshwater cooling system for the three forward thrusters, T1 T2 and T3. This revision removes considerable commonality inherent in the design of Example 1. Th...

	B.3.13 Main Freshwater cooling syStems
	B.3.13.1 Appendix B – Figure 25 shows the freshwater cooling systems for diesel generator G1 A similar process of segregation has been applied to the freshwater cooling system for all the main generators as shown in Appendix B – Figure 26,  Appendix B...

	B.3.14 Main Engine Freshwater cooling SystemS
	B.3.14.1 Appendix B – Figure 29 shows the freshwater cooling system for the main engine.
	B.3.14.2 The main engine cooling water system is independent. However, as the main engine has no independent power generation capability all essential pumps are duplicated from independent DP equipment groups B and C. However, the use of variable spee...
	B.3.14.3 The forward freshwater cooling system is entirely separated except for the common sea chest.


	B.4 SCHEMATICS – EXAMPLE 3
	B.4.1 MODIFICATIONS TO EXAMPLE 2
	B.4.1.1 Appendix B – Figure 30 shows a further development of the design incorporating autonomous thrusters and generators.
	B.4.1.2 In this example, the power distribution system of Example 2 has been further modified by the addition of an independent hybrid power source for the main engine auxiliary systems.  It might be possible, in some class notations, to make use of t...
	B.4.1.3 Where it is not allowed, it may be necessary to provide a dedicated generator for the main engine. A shaft generator is another possibility.


	B.5 EXAMPLE 4 – DUAL FED THRUSTERS
	B.5.1 Introduction
	B.5.1.1 This Redundancy Concept Philosophy Document (RCPD) has been produced to communicate important concepts relating to the design of the DP system.

	B.5.2 Objective
	B.5.2.1 The RCPD is intended to supplement the vessel’s build specification in matters related to dynamic positioning. The intended audience for the RCPD includes all stakeholders involved with the design and build of the vessel including:

	B.5.3 Vessel Industrial Mission(s)
	B.5.3.1 The Trojan Warrior is a Platform Supply Vessel designed for worldwide operation.

	B.5.4 Vessel Overview
	B.5.4.1 The Trojan Warrior is the first in a series of ten vessels. It is to be built to classification society rules for rules for Dyna-DP2. And is registered with the flag of Tipperary. The vessel has the following class notation:
	B.5.4.2 Appendix B – Table 1 provides details of the vessel’s main particulars. Appendix B – Table 2 provides a vessel overview.

	B.5.5 DP Related Equipment and Machinery
	B.5.5.1 The vessel design includes:
	B.5.5.2 Appendix B – Table 2 provides details of the generators.  Appendix B – Table 3 provides details of the thrusters.

	B.5.6 Classification NOTATION / Equipment class
	B.5.6.1 The design of the vessel’s DP system will comply with:

	B.5.7 DP System Operating configurations
	B.5.7.1 The vessel’s diesel electric power plant is to be operated in with it 690V busties open forming two power systems.
	B.5.7.2 The bow azimuthing thruster is normally fed from both port and starboard redundancy groups. It is considered to be an independent equipment group which will only fail on its own. It can be run from either switchboard or both and is capable of ...

	B.5.8 Codes, Standards and Guidance
	B.5.9 Owner’s Requirements
	B.5.10 Redundancy Design Intent(s)
	B.5.10.1 The DP system of the of the Trojan Warrior is based on two fully independent equipment groups and a third independent group which relies on either the port or starboard group for power but is considered independent of both the other groups in...
	B.5.10.2 Appendix B – Figure 32 shows the utilisation of a dual fed thruster as part of the DP redundancy concept and the common point it creates. Appendix B – Table 4 shows the resulting redundancy design intent.

	B.5.11 Worst Case Failure Design Intent
	B.5.11.1 The Worst-Case Failure Design Intent is defined as follows:

	B.5.12 System Sketches
	B.5.12.1 Appendix D of this TECHOP shows how the redundancy design intent is achieved on a system-by-system basis for Example 4. In the actual RCPD document these sketches would also be included in an appendix to that document.


	B.6 SCHEMATICS – EXAMPLE 4
	B.6.1 Power Distribution System
	B.6.1.1 The power distribution system, shown in Appendix B – Figure 33, is a traditional diesel electric design. The bow azimuth has a full-time dual supply from both redundancy groups. A dual supply is provided for the main drive and the steering mot...

	B.6.2 Generator Fuel System
	B.6.2.1 The fuel system shown in Appendix B – Figure 34 supplies MDO to the generator engines and is segregated from the service tanks to the engines. There is some commonality in the fuel transfer system. Potential common cause failures associated wi...

	B.6.3 Freshwater Cooling System
	B.6.3.1 The freshwater cooling system is shown in Appendix B – Figure 35. It is well split with the exception that there is a potential configuration error in pump assignment. This is managed by procedures.

	B.6.4 SW Cooling System
	B.6.4.1 Refer to Appendix B – Figure 36. The pipework of the seawater system is well separated.  An error was revealed in the pump assignment for the seawater cooling system. Under Dyna-DP2 this could have been accepted by opening the cross over valve...

	B.6.5 Lubricating Oil sySTEM
	B.6.5.1 Appendix B – Figure 37 shows the lube oil tranfer systems. There is a possibility of emptying one sump and overfilling another if the valves in the lube oil common transfer system are incorrectly configured but this will be controlled by proce...

	B.6.6 Compressed air SYSTEMS
	B.6.6.1 Appendix B – Figure 38 shows the compressed air system. It is operated as a common system on the basis that all air consumers fail safe on loss of air pressure and overpressure is prevented by pressure relief valves. One compressor is powered ...

	B.6.7 24Vdc Control power
	B.6.7.1 The 24Vdc control power distribution is shown in Appendix B – Figure 39. Control power is supplied at 24Vdc for engines, governors, switchboards and thrusters, it has extensive commonality by design, but the compensating provisions and ride-th...

	B.6.8 EMERGENCY STOP System
	B.6.8.1 Appendix B – Figure 40 shows the vessel’s emergency stops for the auxiliary systems, generators and thrusters. It has commonality in wiring and power supplies. It is a Normally Energised system and so this is unlikely to satisfy the classifica...

	B.6.9 Data COMMUNICATION networks and PMS / VMS
	B.6.9.1 Appendix B – Figure 41 shows the data communication network which are connected to many common points. The OEM has advised that compete failure of the PMS leaves the power plant operating as set however there is concern about the effect of loa...

	B.6.10 DP CONTROL SYSTEM
	B.6.10.1 Appendix B – Figure 42 shows the DP control system. It is a well-established design. However, it has a number of common points. The OEM has indicated that there is no requirement to test failure at these points for Dyna-DP2 and this has been ...


	B.7 EXAMPLE 5 – DUAL FED THRUSTER & HYBRID POWER
	B.7.1 ADDITION OF BESS TO CREATE HYBRID POWER SYSTEM
	B.7.2 Worst case failure design intent
	B.7.2.1 The Worst-Case Failure Design Intent remains the same in terms of the severity of the failure effect but the conditions for which it is valid now include ‘single generator and BESS’ configurations as defined as follows:

	B.7.3 System sketches
	B.7.3.1 Appendix D of this TECHOP shows how the redundancy design intent is achieved on a system-by-system basis for Example 5. As many of the systems are unchanged from Example 4, only those affected by the conversion for hybrid power are shown. In t...


	B.8 SCHEMATICS – EXAMPLE 5
	B.8.1 Power Distribution System
	B.8.1.1 Appendix B –Figure 43 shows the revised power system design with one battery energy storage system installed on each of the two main switchboards, However, to maximise integrity and economy, the hybrid power system is operated with the 690V bu...

	B.8.2 ENERGY MANAGEMENT System
	B.8.2.1 Appendix B – Figure 44 shows the topology of the Energy Management System and its connections to the battery management systems. With the addition of hybrid power to the design, the PMS becomes an EMS as it now manages the stored energy in the...


	B.9 EXAMPLE 6
	B.9.1 Introduction
	B.9.1.1 The actual RCPD to be delivered to stakeholders would typically contain only one example redundancy concept (although it may have undergone several iterations and include several possible configurations). This is an additional example created ...


	B.10 SCHEMATICS – EXAMPLE 6
	B.10.1 Power Generation and Distribution System
	B.10.1.1 The power system consists of two 690V power systems which feed down to lower voltage 440V and 230V buses via transformers as shown in Appendix B – Figure 45. Dual master bus ties at the 690V level provide greater isolation and reduce the fail...
	B.10.1.2 Each 690V powers two thrusters, with a fifth thruster on a central swing bus. The center bus is protected from crash-sync and configuration errors by the use of interlocks. These interlocks will require validation testing to prove they protec...
	B.10.1.3 The 440V buses are not connected via circuit breakers, reducing opportunity for configuration errors and crash synchronization. The 230V ESB can be powered from either side or via the EGen. Interlocks prevent the connection of more than one p...
	B.10.1.4 The port diesel generators draw combustion air from an intake on the port side of the vessel and the starboard diesel generators draw air from an intake on the starboard side of the vessel. This reduces susceptibility to the common mode failu...
	B.10.1.5 The worst-case failure of the power generation and distribution system is the loss of the side of the main switchboard that T5 is currently connected to. This would, through administrative processes, be the starboard side and result in the lo...

	B.10.2 AUTONOMOUS GENERATORS and THRUSTERS
	B.10.2.1 All power for the thrusters is derived from the thruster feeder. A step-down distribution transformer supplies the thrusters’ auxiliaries. Each generator has a dedicated MCC suppling power to its auxiliary systems. Power for this MCC is provi...
	B.10.2.2 Autonomous designs lend themselves to the development of compact self-contained generators and thrusters which are modular in nature. This has the effects of:

	B.10.3 Fuel System
	B.10.3.1 Appendix B – Figure 46 below shows that the fuel systems are independent and split in-line with the redundancy concept. The cross-over valves represent opportunity for misconfiguration, but procedural barriers will be put in place. Additional...
	B.10.3.2 The worst-case failure of the fuel system would be blockage or contamination of the starboard fuel system, resulting in the loss of two DGs and consequential loss of three thrusters. The vessel would continue to hold position on the remaining...

	B.10.4 Lubricating Oil System
	B.10.4.1 Appendix B – Figure 47 shows the Lubricating Oil storage and transfer system is split in accordance with the redundancy concept. The diesel generator lube oil is not to be changed during DP operations.
	B.10.4.2 Failure of the lubricating oil system should have no effect on DP as LO is not changed during DP operations and routine oil analysis and tank separation will mitigate against contamination.

	B.10.5 Compressed Air System
	B.10.5.1 Appendix B – Figure 48 below shows the compressed air systems are independent between the two redundant groups. Double cross-over valves allow the systems to be connected for maintenance purposes. This cross-connection will be mitigated by ad...
	B.10.5.2 The worst-case failure of the compressed air system would be loss of the starboard side air system due to an air leak. This would result in loss of starting air but would not affect running engines.

	B.10.6 110Vdc & 24Vdc Control Power
	B.10.6.1 Appendix B – Figure 49 shows a fully segregated control power supply system. Additional robustness has been added by providing the 110Vdc and 24Vdc sections with its own AC/DC rectifier and stored energy.
	B.10.6.2 The 24Vdc system is split into two independent systems but cross connections exist for changeover T5, which is interlocked so only one power source can be connected at a time, and for the backup ESB supply for the propulsion azimuths, which i...
	B.10.6.3 Note also the 24Vdc DC dual supply issues of T1 & T2 (depending on ESB source) - See grey clouds in Appendix B Figure 50.

	B.10.7 Quick Closing Valves
	B.10.7.1 Appendix B – Figure 51 shows the QCVs for the fuel system. The systems are entirely independent and derive their air supply and control power from the redundant groups they serve. There is no opportunity for misconfiguration.
	B.10.7.2 The worst-case failure of the QCV system is the loss of pressure in either side due to an air leak. The QCV valves fail as set, but the manual stop valves can still be used to cut off fuel supply in an emergency. This will have no effect on r...

	B.10.8 Main Seawater cooling system
	B.10.8.1 Appendix B – Figure 52 shows the main seawater cooling system. The systems are independent, other than two cross-over pipes which can be used for maintenance purposes. Procedures will be in place to prevent misconfiguration and the double val...
	B.10.8.2 A duty and standby pump arrangement is used to provide non-critical redundancy. The power supplies for these pumps are derived from the redundant groups they serve.
	B.10.8.3 There are two 100% capacity heat exchangers. This allows for non-critical redundancy and makes performing maintenance easier, as either heat exchanger can support 100% of the required cooling capacity.
	B.10.8.4 The worst-case failure of the seawater cooling system is the loss of one redundant group due to a sea chest or filter blockage.  This would take time to have a result on the generators and thrusters due to the heat capacity of the freshwater ...
	Note: In a fully segregated system it is not necessary to provide a standby pump from a DP redundancy concept perspective however it may improve the operability and maintainability of the system to do so, and cooling water pumps and heat exchanges are...

	B.10.9 FRESHWATER Cooling SYsTEM
	B.10.9.1 Appendix B – Figure 53 shows the freshwater cooling system. The two systems are independent, other than two cross-over pipes which can be used for maintenance purposes. Procedures will be in place to prevent misconfiguration and the double va...
	B.10.9.2 A duty and standby pump arrangement is used to provide non-critical redundancy. The power supplies for these pumps are derived from the redundant groups they serve.
	B.10.9.3 There are two 100% capacity heat exchangers. This allows for non-critical redundancy and makes performing maintenance easier, as either heat exchanger can support 100% of the required cooling capacity.
	B.10.9.4 The worst-case failure of the freshwater cooling system would be loss of one pump or heat exchanger. This would have no effect on DP as the standby 100% pump or heat exchanger would take over. Regular testing and maintenance is required to en...

	B.10.10 Ventilation and Charge Air SYsTEM
	B.10.10.1 The engine room has two forced ventilation system, one fed from 230V port, the other from 230V starboard. Each thruster room has its own air handling unit, supply fan and exhaust fan which are powered from the redundant group of the thruster...
	B.10.10.2 The worst-case failure of the ventilation and HVAC system is loss of one half of the 230V switchboard resulting in loss of three ventilation systems. The other systems would continue to provide adequate cooling for the thrusters and generators.

	B.10.11 Thruster Control System
	B.10.11.1 Each thruster has its own independent field station as part of the thruster control system, with serial connection over ethernet for DP, and separate and independent serial connection over a propriety bus for both IJS and manual controls. Th...
	B.10.11.2 The thruster control mode selection is performed via a push button contact which is hardwired to the thruster FS.
	B.10.11.3 The vessel features emergency stops at three locations for each thruster and generator. There are E-stops for all thrusters on their individual control panels, at the DP Desk and in the Engine Control Room. All emergency stops are hard wired...
	B.10.11.4 No failure of the emergency stops will have any effect on running thrusters or generators.

	B.10.12 VMS and PMS Control System
	B.10.12.1 The VMS/PMS is split into two redundant networks. Net A and Port field stations derive their power from a dedicated UPS on the port side and Net B along with Stbd field stations derive their power from a dedicated UPS on the starboard side. ...

	B.10.13 DP Control System
	B.10.13.1 Appendix B – Figure 57 shows the DP control system and its position references and sensors.  Because standby redundancy is used to provide fault tolerance, a number of cross connections will be accepted in this system with the appropriate co...

	B.10.14 Safety Systems
	B.10.14.1 The vessel is equipped with a SCADA based safety control system that performs ESD and Fire detection functionality. The control system has duplicated controllers, power, and IO to ensure single fault tolerance. The fire detection and CO2 sys...
	B.10.14.2 The vessel features a water mist system in the engine room that is split into 4-zones, one for each engine. The IO cards are segregated for each zone. The system is pressurised and manually operated. Since there is no automatic function, the...
	B.10.14.3 No failure of the fire suppression system will have any effect on running thrusters or generators.



	APPENDIX C LIST OF COMMON POINTS
	C.1 LIST OF COMMON POINTS
	C.1.1 Commonality in Major Systems
	C.1.1.1 The list of common points was extracted from the systems sketches for Redundancy Concept Example 1.
	C.1.1.2 The list of common points was extracted from the systems sketches for Redundancy Concept Example 6.



	APPENDIX D SEVEN PILLARS HEAT MAPS
	D.1 SEVEN PILLARS COMPARATOR
	D.1.1 Comparator Tool
	D.1.1.1 An Excel™ spreadsheet-based tool has been developed to assist the designers in understanding the degree to which the design of the DP system is reliant upon:

	D.1.2 System Scoring
	D.1.2.1 A simple scoring scheme is used to rank systems – a system that is:
	D.1.2.2 Thus, the higher the score the more likely it is that the system relies on active elements which increases:
	D.1.2.3 Note: The burden of periodic reverification of active elements can be reduced by the use of:

	D.1.3 Algorithms
	D.1.3.1 The sections that follow provide the algorithms that are used to assess the characteristics of the DP redundancy concept in the Seven Pillars Comparator.
	D.1.3.2 Independence in Design
	D.1.3.3 Commonalities (Non-Independent) in design with intention to verify and validate.
	D.1.3.4 Commonalities (Non-Independent) in design without intention to verify and validate.
	D.1.3.5 Not Applicable – Systems / Subsystems that are not part of the DP redundancy concept N/A = Not applicable Items.
	D.1.3.6 Total Completion.
	D.1.3.7 Reliance on active mitigation, exemption from consideration and verification and validation burden.
	D.1.3.8 Robustness of the redundancy concept (Analysis of common (non-independent) systems).


	D.2 REDUNDANCY CONCEPT – EXAMPLE 1
	D.2.1 Analysis Of Example 1
	D.2.1.1 Appendix D - Table 1 shows how the design was analysed using the tool to identify which systems are independent and which have common points. Where there are common points, the tool also records whether there is an intention to confirm the com...

	D.2.2 DP SYSTEM HEAT MAP for EXAMPLE 1
	D.2.2.1 Appendix D - Table 2 is the heat map produced by the comparator tool The predominance of reds and yellows suggests there is a high degree of commonality in the DP redundancy concept. Much of it will not be proven by validation testing.

	D.2.3 Significance Of Results – Example 1
	D.2.3.1 Total Score: Generally, the lower the better:
	D.2.3.2 Independence in design: This figure is an indicator that the DP system and its redundancy concept are based on passive features such as autonomy, independence and segregation and should have a relatively low verification and validation burden....
	D.2.3.3 Commonalities in design with intention to verify and validate: This figure suggest a reliance on active elements such as may be encountered in closed bus power systems, but this has been accompanied by a commitment to form a valid basis for co...
	D.2.3.4 Commonalities in design without intention to verify and validate: This figure is an indication that there may be compensating provisions that are not effective or may not even be present. This figure should be as low as possible and ideally ze...
	D.2.3.5 Not applicable: This figure is the number of systems in the list of system which are not applicable to the DP system being analysed.
	D.2.3.6 Total completion: An indication that the analysis is complete: the completions banner in the heatmap will change colour to green to further emphasise when this point has been reached.
	D.2.3.7 Reliance on active mitigation, exemption, V&V burden (58%): This figure is the ratio of the number of non-independent (common) systems to the total number of systems expressed as a percentage. It is an indicator of the reliance on active eleme...
	D.2.3.8 Robustness of the redundancy concept (38%): This figure is the ratio of common points subject to validation testing to the total number of common points expressed as a percentage. Essentially, this figure indicates the robustness of the compen...


	D.3 REDUNDANCY CONCEPT – EXAMPLE 2
	D.3.1 ANALYSIS OF EXAMPLE 2
	D.3.1.1 The analysis process is identical to that for Example 1. Appendix D - Table 3 shows the output of running the tool.

	D.3.2 DP SYSTEM HEAT MAP for EXAMPLE 2
	D.3.2.1 Appendix D - Table 3 is the heat map produced by the comparator tool applied to Example 2. There are still a significant number of yellows indicating that not all commonality has been removed but the absence of reds suggests a commitment to ve...

	D.3.3 SIGNIFICANCE of results – Example 2
	D.3.3.1 Total score: The focus on removing commonality from systems and a commitment to verify compensating provision has reduced the score from 70 to 53.
	D.3.3.2 Independence in design (53%): The reduction here compared to Example 1 comes largely from the commitment to improve verification and validation effort. Although a lot of work was done to segregate the marine auxiliary systems, commonality rema...
	D.3.3.3 Commonalities in design with intention to verify and validate (47%): This figure is more than double that in Example 1 because there is a commitment that all compensating provisions will be properly validated by testing, not just those require...
	D.3.3.4 Commonalities in design without intention to verify and validate (0%): The commitment to comprehensive verification and validation can be seen by the absence of red in the heatmap.
	D.3.3.5 Not applicable (9): This figure is the same as Example 1. No additional systems.
	D.3.3.6 Total completion (100%): The analyses was completed as indicted by the green banner in the tool output.
	D.3.3.7 Reliance on active mitigation, exemption, V&V burden (47%) This figure has gone down to 47% from 58% in recognition of the absence of reds but main engine related commonality remains.
	D.3.3.8 Robustness of the redundancy concept (100%): This high figure is entirely due to the commitment to comprehensively verify and validate all compensating provisions.


	D.4 REDUNDANCY CONCEPT – EXAMPLE 3
	D.4.1 ANALYSIS OF EXAMPLE 3
	D.4.1.1 The analysis process is identical to that for Examples 1 & 2. Appendix D - Table 4 shows the output of running the comparator / alignment tool.

	D.4.2 DP SYSTEM HEAT MAP for EXAMPLE 3
	D.4.2.1 Appendix D - Table 4 is the heat map produced by the comparator tool applied to Example 3. There are still a significant number of yellows indicating that not all commonality has been removed but commonality in the Main Engine auxiliary system...

	D.4.3 SIGNIFICANCE of results – Example 3
	D.4.3.1 Total score: There are some additional systems in example 3 causing the total score to rise slightly from 53 to 56.
	D.4.3.2 Independence in design (60%): Addressing the commonalities introduced by the main engine auxiliary systems has pushed the independence up to 60. It would have been higher, but some low-risk commonality remains in system such as the main seawat...
	D.4.3.3 Commonalities in design with intention to verify and validate (40%): This figure has dropped from 47% to 40% in Example 3 because there are few commonalties of any kind in the design and all of them will be validated.
	Note: This figure has fallen even though the DP system in Example 3 operates with closed busties. This is because the independence of the main engine auxiliary systems has a greater effect on the overall score.
	D.4.3.4 Commonalities in design without intention to verify and validate (0%): The commitment to robust verification and validation continues from Example 2.
	D.4.3.5 Not applicable (5): There are some additional ‘applicable; systems associated with the stored energy for the main engine, but they are all independent.
	D.4.3.6 Total completion (100%): The analyses was completed as indicted by the green banner in the tool output.
	D.4.3.7 Reliance on active mitigation, exemption, V&V burden (40%): This figure has gone down to 40 from 47. DP systems operating with closed busties are reliant on a wide range of protective functions, but this has been offset by reduced reliance in ...
	D.4.3.8 Robustness of the redundancy concept (100%): This high figure is entirely due to the commitment to comprehensively verify and validate all compensating provisions.


	D.5 REDUNDANCY CONCEPT – EXAMPLE 4
	D.5.1 Analysis of Example 4
	D.5.1.1 Example 4 is based on a PSV rather than a DPST, but the common points occur in very similar palaces to Example 1. The common points that are not subject to comprehensive analysis also tend to be the same.

	D.5.2 DP SYSTEM HEAT MAP for EXAMPLE 4
	D.5.3 Significance of Results – Example 4
	D.5.3.1 Total score: The total score is 72 which points towards commonality and/or lack of attention to verification and validation. See comments D 2.3.1.
	D.5.3.2 Independence in design (35%): 35% of the design is independent. The rest has elements of commonality about half of which will receive comprehensive verification and validation, but the remainder will not.
	D.5.3.3 Commonalities in design with intention to verify and validate (35%): A poor score suggests several common points will not be proven by testing.
	D.5.3.4 Commonalities in design without intention to verify and validate (30%): This is a relatively high score (about half of the common points). It could be considered to represent those parts of the design that historically do not receive comprehen...
	D.5.3.5 Not applicable (8): This is not a hybrid power system design so a number of non-applicable results can be expected. Nor does it have safety systems such as those found in a MODU.
	D.5.3.6 Total completion (100%): The analyses was completed as indicated by the green banner in the tool output.
	D.5.3.7 Reliance on active mitigation, exemption, V&V burden (65%): The instruction of common points also introduces reliance on compensating provisions therefore reliance will be high.
	D.5.3.8 Robustness of the redundancy concept (54%): This relatively low score indicated lack of attention to verification and validation by testing.


	D.6 REDUNDANCY CONCEPT – EXAMPLE 5
	D.6.1 Analysis of Example 5
	D.6.1.1 Example 5 adds hybrid power to the PSV design in Example 4. The power system will be operated with open 690V busties but a common DC link in single generator configuration. The PMS becomes an EMS (Energy Management System).

	D.6.2 DP SYSTEM HEAT MAP for EXAMPLE 5
	D.6.3 SIGNIFICANCE of results – Example 5
	D.6.3.1 Total score: The total score is 81 which is higher than Example 4 and might be expected as there are additional common points.
	D.6.3.2 Independence in design (33%): The hybrid system introduces an additional common point in single generator configuration which is not going to be fully validated by testing.
	D.6.3.3 Commonalities in design with intention to verify and validate (33%): Even more common points will not be proven by testing compared to Example 4.
	D.6.3.4 Commonalities in design without intention to verify and validate (35%): More systems are not being tested compared to Example 4.
	D.6.3.5 Not applicable (5): Lower because there are few items that don’t apply because this is a hybrid power system design.
	D.6.3.6 Total completion (100%): The analyses was completed as indicated by the green banner in the tool output.
	D.6.3.7 Reliance on active mitigation, exemption, V&V burden (68%):
	D.6.3.8 Robustness of the redundancy concept (48%): Lack of attention to verification and validation of the single generator configuration reduces the robustness of the design.

	D.6.4 COMPARISON OF results – FROM Examples 1, 2 and 3
	D.6.4.1 Appendix D - Table 7 provides the results from the first three examples for easy comparison.

	D.6.5 COMPARISON OF results – FROM Examples 4 AND 5
	D.6.5.1 Appendix D - Table 8 provides the results from examples 4 and 5 for easy comparison.

	D.6.6 Analysis Of Example 6
	D.6.6.1 Appendix D - Table 9 shows how the design was analysed using the tool to identify which systems are independent and which have common points. Where there are common points, the tool also records whether there is an intention to confirm the com...

	D.6.7 DP SYSTEM HEAT MAP for EXAMPLE 6
	D.6.8 SIGNIFICANCE of results – Example 6
	D.6.8.1 Total score: The total score is 47 which is indicates a DP system split well in line with the redundancy concept.
	D.6.8.2 Independence in design (83%): This shows that the system was designed to minimise the number of cross connections and commonalities. Duplication of equipment and infrastructure might be a cost limiting factor, however, for this example the obj...
	D.6.8.3 Commonalities in design with intention to verify and validate (18%): Of the commonalities that do exist, (mainly networks and crossover valves) there is an intent to verify and validate all compensating provisions.
	D.6.8.4 Commonalities in design without intention to verify and validate (0%): All systems are being tested.
	D.6.8.5 Not applicable (5): No energy storage / hybrid technologies implemented on this vessel.
	D.6.8.6 Total completion (100%): The analysis was completed as indicated by the green banner in the tool output.
	D.6.8.7 Reliance on active mitigation, exemption, V&V burden (18%).
	D.6.8.8 Robustness of the redundancy concept (100%): All common points assessed, verified and validated.
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