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Abstract

Guidance documents on DP, Design and Operations, were published by the MTS DP Technical Committee

in 2011 and 2010, subsequemnigagement has occurred with:

9 Classification Societies (DNV, ABS).

1 United States Coast Guard (USCG).

1 Marine Safety Forum (MSF).

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

a pragmatic manner.

1 Feedlack provided by the various stakeholders. Additional information and guidance that the MTS DP
Technical Committee wished to provide.

1 Means to facilitate revisions to the documents and communication of the same to the various
stakeholders.

The use of Technal and Operations Guidance Notes (TECHOP) was deemed to be a suitable vehicle to

address the above.

TECHOPs are published as relevant and appropriate. These TECHOPs are written in a manner that

facilitates them to be used as standalone documents.

The TECHDPs are intended to supplement the information provided in all parts of the MTS DP Vessel

Design Philosophy Guidelines.

Each TECHOP includes a 6case for action6, which,

real life examples of Dinciderts which necessitatbe guidance.

However, often there are challenges with implementation of the guidance on existing vessels and even on

new build vessels, due to various factors including the requirements of the main class rules.

This paper will explog those challenges, provide examples of solutions and provide suggestions on how

improvements can be made to avoid problems duringipeeacceptance of DP vessels where those vessels

are assessed against the MIBguidelines
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Abbreviation / Definition

AC Alternating current
DC Direct Current
DG Diesel Generator
DP Dynamic Positioning
DPS Dynamic Positioningsystem
DPO Dynamic Positioning Operator
DSV Diving Support Vessel
FMEA Failure Modes and Effectsnalysis
IMO International Maritime Organisation
MEN Multiple Earthed Neutral
MSB Main Switchboard
MSC Maritime Safety Committee
MTS Marine Technology Society
OCIMF Oil Companies International Marine Forum
ODP Operations, Design, People
osv Offshore Support Vessel
PSVv Platform Supply Vessel
RG Redundant Group
ROV Remote Operated Vehicle
SME Subject Matter Expert
SOLAS Safety of Lives at Sea
TECHOP Technical and Perations Guidance Notes
TN-S Terra Nautrali Separate
UPS Uninterruptable Power Supply
\Y, Voltage
WCFDI Worst Case Failure Design Intent
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Introduction

M3 Marine Expertise is based in Singapore aad established in 2010. The compaowysiders that the
information shared in thigaper could benefit the DP community, through the realisation that there are gaps

in processes that allow the delivery of predictable outcomes and incident free DP operations. Such gaps are
presented asamples of e pr esent ati ve ¢ c hexgelieecadgdermg thetDi? &#FMEAh a v e
processes for DElass 2 and DP Class 3 vessdleese challenges amelated tocompetency anthe

independence ansegregation of redundagystems.
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Exampleof a basic misinterpretation of DiPass rules, by class
In December 2012, one of the classification societies introduced their Guide for Dynamic Positioning

Systems. This was a significant step forward in terms of safetyefsels with DP systems that were
constructed in accordance with those class rules, after this date. The main class rules that made reference
to dynamic positioning systems and the O6DPS6 not a
and redundangyas required by their Guider Dynamic Positioning Systems.

The guide had a significant impact on OSV vessel designs; in particular for those built in Asia with technical
system configurations that consisted of two main engines driving propulsion thrusters and shaft generators
with two bow tunnel thrusters and one stern tunnel thruster

A typical arrangment is shown in Figure 1.

Figure 1

MAIN
ENGINE
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With this arrangement, there is fullliance on the successful power supply automatic changeoveupstart
and reselection of the single sténrnuster back into DP control, for the vessel to maintain position following
loss of one redundant group.
For vessels with this arrangement, for which there are many, most DP control systems consider the single
stern thruster as always available follow failure, for the purpose of the consequence analysis function.
This and the adequacy of such designs are not addressed in this paper.
The potentiafor fault propagation between redundant systems and defeating the reducaiaceyt that
is introducedy such designss also not conriderechere
The cl assi fidécGatiideen fsoac iDeytnyabnsi ¢ Positi oning System
2012, included the following statements in Section 2; Dynamic Positioning System Dédgglundancy
Design;
1 Redundancy is to be based on systems which are immediately available for use, namely on running
machinery. In general, full stop and restart of the system do not comply.
Independence of redundancy groups is to take into account all technical functions.
The redundancy design is to provide suitable combinations of available systems following any defined
fault.
It became apparemd the designers odbP OSVs in Asia that the arrangement described above, with a
technical system configuration that includedrayke stern tunnel thruster with a reliance upon an automatic
changeover to maintain position following loss of one redundant group, was not compliant with the new
guide.
These designs were changed so that the single stern tunnel thruster was atiogateplarate redundant
group. This redundamroup consisted of twdiesel generators, one main switchboard bus section and the

single stern tunnehruster, as shown in Figure 2
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Figure 2
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This meant that in the case of losgle PortRedundant Grquor Starboard Redundant Grotipe single

stern tunnel thruster would remain available to provide thrust in the sway axis and provided that the vessel

was operated within its environmentalehvep e, t he vessel 6s position shou

Unfortunately, most of these designs did not consider that the division of all systems should be maintained

throughout the design.

The FMEA service provider pointed out two flaws in the design following preliminary review of the piping

system drawings fdhe auxiliary systems.

1 The main engine belonging the Port Redundant Growmd the Diesel Generators belongingdhe
CentreRedundant Groupharedhe same fuebil service tank.

1 The main engine belongingtiee Port Redundant Groapd the Diesel Geerators belonging tGentre
Redundant Group were arranged for direct sea water cooling from one designated sea chest.

The vessel designer and builder argued that these arrangements were in compliance with the applicable rule

requirements, despite the it statement in the guibFeeunded 66 Abxi

follows;

The engine fuel supply system is to follow the overall split concept with required redundancy, including

redundancy of service tanks, supply and return lines, filters, pumiick closing valves and their controls

The guide also states that arrangements for cooling water should follow the redundancy concept.

A debate ensued where the designers explained the redundancy concept / arrangements and where the DP

FMEA provider explained their understanding of the redundancy concept and quoted the relevant rules and

guidelines. This included the FMEA provider pointing out that there were various references to the DP

Vessel Design Philosophy Guideliby MTS within the gide, including the requirements for the DP

FMEA. One of those applicable references was from section 9 of the DP Vessel Design Philosophy

Guidelineswhich lists oneof the attribute®f a robust redundancy concept as: The division of systems into

redundangroups is maintained throughout the design. The DP FMEA provider had the same understanding

from the statements contained within thd a s s i f i ¢ aguidep whichrswaghe eppligabls rule

reference.

The designer and builder subsequently providedpy of an email to the DP FMEA provider. The email

was from the classification societyds technical 0

email stated as follows;

With reference to your following query on the above subject, we adwséttls not required by

[Classification Society] to consider the loss of fuel oil day tank due to fuel oil contamination for the subject

vessel.

A statement followed referring to the requirements for a separate fuel oil service tank for each generator,

under a DP enhanced notation, which the vessel did not have. This statement was therefore not relevant.
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The view of the designer and builder was that this formal email advice allowed the engines in two of the
three redundant groups to be supplied wittl foom a single source / single fuel oil service tank and that

the DP FMEA could omit contamination of fuel oil in a single service tank as a valid failure mode.

The DP FMEA provider sought further clarifications directly from the classification s@neltyhe design

of the systems wasubsequently modified so that they wareaccordance with the redundancy concept.

This not only included the fuel oil and cooling systems but many other arrangements where auxiliary
systems for two of the three redundgriups were shared, including the engine / shaft generator control
power arrangements, the switchboard control power arrangements and the arrangements of group
emergency stop systems.

The buyer of the vessel did not have any strong DP expertise withimtbanisation and relied upon the
advice from the DP FMEA provider.

The DP FMEA provider has experienced many similar cases and most cases are more complex involving

electrical and control systems.
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Examples of Challenges with ImplementatairGuidelines

During the FMEA processes for DP vessels, M3 Marine Expertise has been faced with many challenges
when attempting to implement the MTS DP Design Philosophy Guidelines and in particular, the
independence and segregation of redundant powernsystEhe challenges have often been due to
classification society rules that are not related to DP systems. Some examples of these challenges are

presented in this paper.

Example 1i Crossconnections necessitated by SOLAS and class rules

Overview
The vessel is a DP Class 3 Multipurpose Offshore Construction and Diving Support Vessel that was under
construction in China. The vessel has six diesel

class notation and is designed to operate inmdBes with open or closedibties.

Description
During the initial phase of the project, the DP FMEA service provider was asked to produce an Electrical

System Philosophy document based on the preliminary drawings for the electrical mbstgbution

system. The classification society required the Electrical System Philosophy in accordance with the main
class rules (rules for ships) and the specific requirement was for the document to include a description of
all operating modes in ordey provide an understanding of the modes of operation that are relevant for the
power system.

The FMEA service provider saw this as an ideal opportunity to ensure that the design of the electrical power
distribution systems were in accordance with the MT duidelines and in particular, two Design
TECHOP papers that had been recently published at that time, namely;

1 TECHOP_ODP_11 (D) Cross Connections

1 TECHOP_ODP_13 (D) Control Power Supplies and Auto Changeovers

The 6Enhanced Rel i aateach diesel@enearatdr lzas dutonomousecgntral powes. Far
the diesel generator engines, this was arranged with individual UPS units that had a dual power supply from
separate 440V switchboards within the same redundant group as the respective diedelgene

An additional power supply was arranged to the UPSs for the diesel generators in one engine room to
comply with the requirements for dead ship recovery; SOLAS -@hl1.1.4. This was arranged to the
UPSs for the diesel generators that belonggtldsame redundant group as the emergency switchboard.
Each UPS had had an automatic chamowgr to the emergency supply.

The arrangement is shown in Figde
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Figure 3
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The classification society approved the Electrical System Philosophy documenheitomment;
At least two generators (one on each switchboard) need to be arranged for start from dead ship (rule
reference).
Dead ship is defined in the classification societ
SOLAS Ch.I} 41.1.3.
Dead shipi Dead ship condition is the condition under which the entire machinery installation is not in
operation. All batteries and / or pressure vessels are considered depleted. Emergency generation is
considered available.
The applicable class rul#sat were referenced were as follows;
1 Interpretation of SOLAS Chi1/41.5.1.1
In addition, the generating sets shall be such as to ensure that with any one generator, transformer
or power converter out of service, the remaining generatingrsatsformers and power converters
shall be capable of providing the electrical services necessary to start the main propulsion plant
from a dead ship condition.
1 The emergency source of electrical power may be used for the purpose of starting from gdead sh
condition if its capability either alone or combined with that of any other source of electrical power
is sufficient to provide at the same time those services required to be supplied by C103, except fire

pumps and steering gear, if any.
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Guidance note:

On installations without a dedicated emergency generator in accordance with C104, only one engine

room is considered to be in dead ship conditions, since there should be redundancy in starting

arrangement for each engine room as required for emergenciagengets. However, necessary

energy for auxiliaries needed for start (fuel, lubrication oil priming, etc.) must have the same

arrangement as the source for starting energy.

For vessels with two or more independent engine rooms but not complying witht@d @equirements

for dead ship starting still applies, i.e. dead ship condition in both/all engine rooms simultaneously.

The referenced rule requirement (C104) was applicable only for vessels without an emergency generator

which met othespecific rule requirements allowing compliance with this arrangement.

The arrangement that complied with the main class rules for the vessel and which was implemented as the

basis for the design, is shown in Figdre

Figure4
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TECHOP_ODP_13_(D)_Control Power Supplies and Auto Changeovers describes a very similar
arrangement and explains h@azommon point is created in the redundancy concept by bringing feeders

for consumers in each redundant group to the emergency switchib@dsd.explains how a configuration

error, followed by a failure, could rdsin faults that affect both redundant systems.

The TECHOP also explains what analysis is necessary to mitigate such problems that this arrangement may
introduce. However, degigrs, shipyards and equipment manufacturers are reluctant to support or invest

in such analysis with documentation that studies and egttfie effects of such failures,provide detailed
information that would allow others ti this.

Therefore, moreften than not, when such arrangements exist, barriers are implemented by isolating the
power supplies that originate from another redundant group. If Fault Tolerance, Fault Resistance and Fault

Ride Through cannot be proven, there has to be Segregati@peindence and Autonomy.

INCIDENT FREE DP

OPERATIONS
L
= L L o
z| 14 st ASl 121 13 THESE PILLARS
of 1z1 Iz HUFHEHERE REQUIRE MORE
ARNEHBEEEBEEHIUIARARE FOCUS WHEN
O =z =z Z = n w CROSS
HAEIRAIEIEANEEERE CONNECTIONS
1L af 1< TN ARE
] = = 2 2 3 INTRODUCED
LL (TH <
LL
PREDICTABILITY

This is what was implemented in this case and by specifying the isolations in the FMEA documentation,
thiswilbecarri ed t hr o uGAN set up fot DPeperatinsssTded adrangement is shown in

Figureb.
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Isolation of these power supplies is not prohibited by the requirements for dead ship recovery.
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Example 2 Unwanted crossonnectiongotentiallyintroduced by the classification society

Overview

The vessel is a DP Class 2 Multipurpose Offshores@oation and ROV Support Vessel that was under
construction in China. The vessel has four diesel generatsbathrusters. thasaDPEn hanced & c | @
notation ands designed to operate DP modes with open or closed bus ties

Description

The 6Enhancedd notation requires that each diesel
generator main switchboard sections, this was arranged with individual UPS units.

Each UPS unit is supplied from the main switchboagidmction within the same redundant group as the

diesel generator. An alternative power supply is arranged from the emergency switchboard via a manual
changeover switch.

The principle arrangements are shawifrigure®.

Figure6
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These arrangements were acceptable for the DP FMEA provider and followed the philosophies of
segregation, independence and autonomy in accordance with the MTS DP Vessel Design Philosophy
Guidelines, applicable TECHOPs and the classification societiesfoul®8 systems, provided that the
switches where selected to the main switchboard power (position 1).

However thepower supply arrangements were reviewed by the classification society and it was determined
that while the number of UPS units exceeded rieimum class requirements, the power supply
arrangement did not meet the following rule requirement;

An independent control power supply system shall be arranged for each of the switchboard sections and be

arranged with change over possibilities.
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While it initially seemed that the comment wag redevant a number of technical discussions highlighted

t hat t

he defini

tion

of 6i nd

classification society rules and is as follows;

ependent

control

powe I

Whenindependent power supplies are required, these supplies shall be from separate sections of the main

switchboard or from distribution boards supplied from separate sections of the main switchboard.

Thi s

prompted

t Hesignerets chandbé desiga bftee pdawerisup@lyl arrangemerds

that MSB A UPSNo.2, for Diesel Generator Nosas supplied from MSB BandMSB B UPS No.3for

Diesel Generator No.8vassupplied fromMSB A. The arrangement ghown inFigure?.

Figure7
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Following an assessment byetBP FMEA service provider, tlegrangement was deemed not to follow the

philosophies of independence and autonomy in accordance with the MTS DP Vessel Design Philosophy
Guidelines and applicable TECHOPSs.

Furthermore, e arrangement was also not in accordance théhapplicableclass rules for DP systems

which required control system power supplies from within the same redundant group and the rules for the

DP

6Enhancedod

not at i o rthinedch redundaneggupt r e d

aut onomy

Wi

The arrangement was deemed not to follow the philosophies of Fault Tolerance, Fault Resistance and Fault

Ride Through. The assessment by the DP FMEA providgiighted the conflicts anshowed that the

design introduced failermodes, including hidden failures, that had the potential to exceed the WCFDI.

The

assessment

was

presented

to the

cl assi fi

comment was closed without an explanation. The origggslemdesgn was upheld and thenwanted

crossconnections were avoided.
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The original design wsasuch thatin the operational configuratiotmere were no crog®nnectios between

the UPS power supply arrangements wiiich | | owed t he vess &Hedlerequeechenndancy
within the main class rules proved todmflicting andnappropriate to this type of vessel design. However,
there are numerous vessel designs which have sir
redundancy concept. Suchesigns coulde influenced with the intention of meeting the main class rule
requirements.
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Example 3 A crossconnection that could not be removed

Overview

The vessel is a DP Class 2 High Speed Catamaran Crew Boat. This vessel was designeddmatioRs

during personnel transfer to / from offshore installations using a motion compensated gangway.

The redundancy concept is based on four redundant groups.

Two of theredundant groups each comprise two main engines and a waterjet type propulsitan.The

equipment within each redundant group is autonomous.

The other twaedundant groups each comprise one diesel generator, one main switchboard seotien and

bow azimuth thrusteihe principle arrangement of the main switchboahisvn in kgure8.

Figure8
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Technical Arrangement of the Earthing System

The design of the power system incorporated aSTheutral earthing system with a single netggath
connection.

The classification society rules state the following requirements for the earth connection which are relevant
to the vessel;

If the systemeutral is connected to earth, means of disconnection shall be fitted so that the system earthing
may be disconnected for maintenance or insulation resistance measurement. Such means shall be for
manual operation only.

In any four wire distribution systerhd system neutral shall be connected to earth at all times without the
use of contactors.

The neutral earth connection applicable to the design is connected using a MEN Link (manual means of
disconnection), located at Bus A of the main switchboard.

The netral / earth is common to both redundant power distribution systems and three pole circuit breakers
were provided for thdiesel generators armlis tie breakers.

The common neutral was highlighted to the designers as a cross connection and a potentialpmmnim

of failure which could potentially have an effect on both redundant power distribution systems in the event
of afailure such as a short circlietween one phase and neutral.

There was a concern that this had the potential to exceed the WCH@As therefore suggested that the
neutral conductor be separated into two sections during DP operations, possibly by the installation of four
pole bus tie circuit breaker§he classification society rules did allow for installation of fpate circuit
breakers under the following rule reference;

No fuse, switch or breaker shall be inserted in earthing connections or conductors. Earthed neutrals may
be disconnected provided the circuit is disconnected at the same time by means of multipole switch or

breaker.
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