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MENAS Summary

SUMMARY

Global Maritime has completed an FMEA of the systefinectly and indirectly
involved with keeping the vessel on a wanted parsitir track. The work has
been carried out from the study of drawings andifipations and meetings at
Imtech with Owners and representatives from vendbDesnen Shipyard and
Three Quays, the designers. The report was theategdgain after the annual
trials to correct a few errors and add a third DGPS

The vessel specification is DP class 2 (Lloyds A#ation) so that the vessel
can carry out offshore work where DP redundancyeguired. The DP
activities envisaged are ROV and dive support wavkere the necessary
equipment is provided by a contractor as a complat&age on the after deck.

The assumptions made during the study were vérifigring commissioning
and DP Trials held in August and September 2004tlamdnnual trials carried
out in February 2006.

On the basis of compliance with IMCA and IMO guides, the vessel meets
the requirements for a Class 2 Dynamically Posgiibressel with the main
switchboard bus tie open and is fit for carrying &P operations within her
design and operational limitations.
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MENAS Introduction

1. INTRODUCTION
11 Instructions

1.1.1 Global Maritime was instructed by MENAS to carrytdtMEA studies when the
decision to upgrade the vessel to DP class 2 (Atatimm) was made. Two earlier brief
reports were made in 2003. This report coveringlal systems involved directly or
indirectly with DP and DP operations was complete@004. The report was updated
after the first annual trials in February 2006.

1.1.2 This report was originally produced based on drgwiand specifications provided
during the vessel construction, it was issued a&s fthal report, verified by the
commissioning and DP trials held in August and Seyter 2004 and updated in March
2006. This report identifies all reasonably likédylure modes and their effects. As
more information becomes available it will be inmomrated in the next revision of this
report so that it serves as a source of informatiad DP philosophy for key DP
personnel working in the offshore industry.

1.2 Vessd Particulars

1.2.1 The following are the general particulars of thesed:

1. The hull, machinery and electrical installationsrevéuilt and installed under
special survey in accordance with the Rules andulRé&gns of Lloyd’s
Register of Shipping for notation:

+100A1,+LMC, UMS, DP (AA), NAV, IBS - LIGHT TENDER/
OCCASIONAL OIL RECOVERY DUTIES

2. The Vessel is to be registered in the Bahamas,gbodgistry Nassau and is to
comply with the requirements of the U.K. Maritime @oastguard Agency
(MCA), the Flag Authority, for a Class VIl vessel.

3. Length Overall 82.62 metres
Length Load Water Line 78.29 metres
Length between Perpendiculars 73.62 metres
Breadth Moulded 16.5 metres
Depth Moulded to Main Deck 6.8 metres
Depth Moulded to Lower Deck 4.0 metres
Depth Moulded to Forecastle Deck 12.4 metres
Design Draft Moulded 4.0 metres
Draft Scantling Moulded 4.5 metres
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MENAS Power Distribution

2. POWER GENERATION
21 Fuel Oil Systems

2.1.1 There are two service fuel oil tanks; each tankp$eap two of the four diesel engines via
a single quick close valve. So provided each tmnlavailable DP class 2 can be
achieved such that the worst case failure can @alyse the loss of two diesel
generators. The effect of this is the loss of emgétchboard and two of the four
thrusters. This is the design worst case failure BP capability for work like dive
support is based on this.

2.1.2 The design separation however is not necessardguete to ensure that a failure with a
greater effect than the design worst case is inipless Experience shows that it is
always possible to blackout:

Failure Mode Cause(s) Effects Mitigation
F.O. Starvation QVC operate Unable to deliverl Other thruster compensatg
(two DG’s) Filter blocked demanded power
Pumps fail
Leakage
F.O. Contamination Water in fuel Unable to deliverl Other thruster compensatg
Microbiological demanded power
contamination

2.1.3 In the above circumstances the power managemetansyand DP control system will
not know the reason for the loss in power. If¢hisrunder-voltage and under-frequency
the power will be cut back by the azimuth thrustequency converter and there will be
an increase in thrust and power on the healthy sidbe switchboard. Thus blackout
and loss of position should be avoided. Howewerthe worst case there would be
blackout on one side followed by a sudden stepghamdemand on the healthy side of
the main switchboard. Provided the engines caivadethe power, negligible position
excursion should occur. However if, after manytsoaf running at low load, they are
unable to deliver power as expected, position bl lost. If the contamination is
common to both fuel oil systems then blackout isgiae even if the azimuth thruster’s
power is reduced significantly very quickly. Tless$ of power and thrust in this way is
not considered to be a single point failure prodigdanned maintenance makes sure
fuel oil contamination etc is very unlikely and thegines are tested regularly so that the
chance of them not being able to deliver on dem@ndvery small. In these
circumstances blackout would have more than aesipgint cause.

2.1.4 Fuel flow meters are installed. Care should beosed so that they cannot fail and
cause fuel oil starvation from line blockage. e event of fuel oil filter higl\p the
pressure in the fuel suction main will drop beldari level. This will result in the fuel
boost pump starting automatically to increase tred pressure. However if the problem
is a blocked filter, the improvement provided bg tioost pump will be short-lived.

Should fuel oil starvation take place, operatons gaickly change filters or take other
appropriate action, but care must be taken to ptediesel engines tripping on
overspeed because the demand is at maximum (ileigdully open). Care must also
be taken to vent air out of the fuel oil systenthas can cause unexpected tripping just
after the situation has been ‘saved’.
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MENAS Power Distribution

2.2

221

2.2.2

2.2.3

2.3
23.1

Sea Water Cooling

There is one common sea water system with two @agtjport and starboard) and two
circulating pumps. The vessel will normally operatith one pump on line and one
common spare on the basis that there is alwaysttrstart the stand by pump. This has
been confirmed by tests but this relies on thedstay pump being available and not
being a hidden failure. Seawater is only usedctmwling the fresh water systems and
provided it is reliable this is acceptable for DPZhe failure modes that need to be
considered are as follows:

Failure Mode Cause(s) Effects Mitigation
Pump failure High FW | Standby Pump
Air in system Temperature Can isolate leak

Inadequate Flow Poor maintenance
Leakage (Burst Plate Cooler)

Blocked intake Low Flow Can use other suction

There is a body of opinion that believes that ptatelers should be considered as active
components so there is a requirement to make bayeare kept reliable. If the system
is reliable then there are only two failure modast tare potentially critical and could
cause high temperature shut down of all the diesgines and hence a loss of position.
The first of these is failure of the duty pump whba stand by is not available. This
could happen if only one of the two pumps is or lmd the stand-by fails to start. This
can be avoided for critical DP work. The second fsuild up of air in the system such
that an air lock occurs, however on this vesselsée suctions are vented to deck in
order to prevent air locks in the system.

The sea water system flow is determined by the puamg the valve setting which is
manual. It is anticipated that full flow will b&xé norm and no active control will be
used; temperature control is on the fresh watee. sitf the sea water inlet becomes
blocked (marine growth plus plastic bag for exampleerators should have low-
pressure alarms before F.W. high temperature sdhbather sea suction can be used.
During sea trials it was confirmed that under ndrid® operational conditions the
engines were able to operate for four minutes &ftéoss of seawater cooling before the
activation of high temperature alarms, which is &rtpne for the ship’s engineers to
deal with the problem.

Fresh Water Cooling

The fresh water system is also common but thea@ isxpansion tank and a buffer tank
so that there are two alarms if there is leakaghersystem that might threaten blackout
from loss of cooling to all diesel generators. Blgstem has two plate coolers and two
100% circulation pumps so the design philosophgrione to be on line and one to be
on stand by spare. This common cooling systemsaipplies the air conditioning units,
the thruster coolers and the converter coolingesystAgain the loss of one pump could
be critical if the stand by failed to start andsitrecommended that both are run for
critical DP work. The other problem with operatiog one pump is that any low
pressure alarm will be assumed to be a pump prolledhtime for successful leak
isolation might be lost. In tests with no pump rimgnthere was only a 2° temperature
rise over 6 minutes. This proves the pump failureden effects but not the leakage
effects.
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MENAS Power Distribution

2.3.2

2.3.3

234

24

241

24.2

Failure Mode Cause(s) | Effects Mitigation
Inadequate Cooling Temperature confrédlarms Early warning
valve fault High D.G Temperatures| Isolation possible
Leakage from cooler | Risk of blackout Temperature rise not instant
Air in system Standby pump
Pump failure
Flexible coupling fall

The system is well designed and reliable, the oEkeakage being excessive so that
isolation is not possible in good time is smallheTtwo pumps are powered from the
split 440V switchboard. If the stand by is unavaldathen the vessel cannot be
considered as working in the safest (Class 2) mddes most likely cause of the loss of
cooling water is the failure of a flexible coupliag one of the four diesel generators.
This can happen from excessive engine vibratiorhgmes after poor maintenance.
Operators must pay close attention to these caygplin

The bow thruster and azimuth thruster motors amueth thruster oils coolers are FW
cooled but the converter coolers (fan/coil units part of the closed system for each
converter. The FW system is the cooling medium usdtieir dedicated plate coolers.
The loss of cooling water to the thrusters will oatise high temperatures as quickly as
for the diesel generators. The most importanttgoinoperators to remember is that the
system is common and working on a remote part efsystem can quickly cause the
loss of the whole system if a mistake is made. [éwmnit to work system for offshore
DP work should help avoid mistakes like this.

The expansion tank is 1100-L capacity and the bu#ek is 900-L capacity. The
operator will know there is a significant leak (R&Ert) if both alarms take place in
quick succession.

The fresh water temperature control has two sewoofrol loops, one for each diesel
engine between HT and LT circuits and one for eplete heat exchanger. The
temperature control valves are Amot and once seheyp should operate adequately. If
there is a control problem manual adjustment isibdes

Lub Oil

There is no common lub oil system for the dies@legators, each is independent with a
motor driven pre-lub oil system and an engine driv@rculation once the diesel

generation is running. The lub oil to any one gatwr can be changed or filtered
separately by using dedicated pumps, so the faihoges are reasonably limited to one
engine.

The failure modes that can contribute to an effgetter than the loss of one diesel
generator are generally concerned with a standlghima not starting and coming on
line when needed because of a lub oil low pressaresor fault or the pre-lub logic
being faulty. These failure modes were testedndutrials. The pre-lub oil pumps
should be running on all standby machines. Ifehsra blackout or partial blackout a
healthy diesel generator will be able to starthesgre-lub oil pump of each 1,300 kW
engine is powered from the Emergency Switchboahy & the pump was running
before the blackoput, lubrication is still presenallow starting.
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243

25

251

25.2

253

2.6
26.1

2.6.2

2.6.3

Lub oil contamination microbiological or by fuellas possible but this is unlikely to
affect more than one diesel engine at any one time.

Compressed Air

The starting air system is also common with redahdactive components and

compressors. There are also two receivers. Bsradb starting air to be critical there

has to be two failures namely a loss of one or rdaeel engines and a loss of starting
air so that they cannot be restarted or anothergirtoon line.

There is also a single service air system, whicksdoot supply any DP related
equipment.

Each azimuth thruster has a header tank (gravity paessurising) and because there is
inadequate height at the stern above the thrustetahk has to be pressurised by control
air that is reduced to 1.5 bar. A back-up supplpvailable from the start air system.
There are no accumulators, total hence loss ofairld result in water ingress in each
azimuth thruster at the same time, but as the mystealarmed, the operator will be
informed to take the necessary action. Over pressualso possible but this will give
an alarm unless there is loss of oil before ovesgure. The pneumatic system is not
supplied by Rolls Royce. Control air is also ugadthe thruster brake but this is only
used when thruster maintenance is in progresshenthtuster is not available.

Diesel Generators

The vessel has four diesel generator sets, twooth pne behind the other, and two
similarly arranged to starboard. They are simil&artsila engines but in each pair one
is 6 cylinder, 948kW and the other is 8 cylinde63®VN. The engine room is one space
from a fire and flood perspective but there is agitudinal acoustic bulkhead so that
there is some acoustic separation. There is oterf@itar Emergency Diesel generator
set of 145kW.

For the vessel's AA (DP2) notation the main switzaid will be split with one or two
diesel generators on line each side. In thesearostances the worst case failure will be
blackout on one side, port or starboard. Howetrere are several failure modes that
can cause the loss of one or two diesel enginé® flel oil and cooling water failures
have already been discussed. The additional &ilnodes are as follows for cases
where two diesel generators are on line each side:

Failure Mode Causg(s) Effects Mitigation
Excessive vibration| Mechanical damage Reverse ptipsr Other engines
Low F.O. pressure
Low LO trip

High temp. trip
Overspeed Control fault One D.G. trips Other engines
Other on reverse power
Instability Control fault Operator  trips  faultyOther engines
machine (risk of stopping
healthy one by mistake)

The risk of mechanical damage is small. If an e@gs not performing well this should
be evident and the operator should initiate stgrththe other engine (if not on line)
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26.4

2.6.5

2.7

27.1

2.7.2

2.7.3

274

and shut down prior to the engine tripping. Thisan should cause an amber alert and
cause divers to return to a safe position if theseeis engaged in diving support work.

For this vessel mechanical damage to one engineligely to physically damage
another but instability or overspeed of one cowadse both to fail and the vessel to rely
on the other engine(s) on the other side of thealeswhen the control of one engine
causes instability it is equally difficult for theperator, as the instrumentation and
protection, to identify which is the faulty machiaed which machine is following.
There have been instances where the operatorippedrthe healthy engine and then
the unhealthy engine also trips.

The limits of operating with just one diesel engeaeh side depends on which pair of
engines is on line and the environmental conditiabhghe time but with a 1 + 1
arrangement the second DG should be on line as assothe load reaches 50%,
otherwise there will be a loss of position from tadure of one DG.

Power M anagement

The vessel is fitted with an “Alarm, Monitoring ar@ontrol System”. This system
covers the requirements for an unmanned engine ,r@remote monitoring starting
and stopping of equipment, the audible and vislaaires and the power management.

The whole system is integrated with data transohitteer two independent field buses
(Phillips CAN bus) with the main server in the emgicontrol room and the back up
server on the bridge.

There are two separate 24V dc supply systems andéparate 230V ac supply systems
(port and starboard). In addition there is a crmmsnection of the 24V-dc systems so
there are in effect two supplies. These suppliedath independently alarmed. For the
PMS units, there is one to each diesel generatoal supplies are achieved by one
coming from the UPS port or starboard as apprapaaid the second coming from the
generator itself once it is on line via a transfermand rectifier. The UPS supply has
diode protection. Dual supplies arranged in thésywo each diesel generator's PMS
units are satisfactory. The dual supplies to otmeportant suppliers are more
problematical firstly because the risk of a comnfaalt failing both and secondly
because of the risk of all redundant critical DRipment being powered by one supply
by default and/or operator error.

There are two monitors on the bridge and two inghgine control room so there is
redundancy at each location. It is assumed thet bas a separate 230V supply with
one from port and one from starboard in each loaati

The system has 11 intelligent 1/O cabinets: eachaha4V-dc power supply. These are
split port and starboard according to the equiprttey serve which is shown below:

ID UNIT FUNCTION LOCATION POWER MODULES
DPU-3 |« Thruster control Carpenters store 24V
» Port Azimuth drive Port 12
DPU1 | DG#1 Engine Room 24V 16
DG#2 Tank Top FR71 Port
DPU2 | DG#3 Engine Room 24V 16
DG#4 Tank Top FR71 | Starboard
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MENAS Power Distribution
DPU5 | Alarm & Monitoring Wheelhouse 24V 12
Control of Thrusters
DPU6 | Port Pump Control Group Starter 24V Port 4
Panel
DPU7 | Starboard Pump Control Group Starter 24V 4
Panel Starboard
DPU4 | Starboard Azimuth drive Hold 24V 12
Starboard
2.7.5 There are 4 DPUs for the HVAC controls. From the\e it can be seen that the split,

2.7.6

2.7.7

2.7.8

even for power supplies, is not clear between aod starboard systems. For example
DPUS stands alone and DPU3 has thruster controDBRUi4 does not. It is therefore
necessary to take the analysis down another lexesaudy the I/f each DPU.

In drawing 394-440-100-LDS-001 sheet 101 Rev 1 omg UPS is shown that supplies
230V to both the main and back up servers. Thepplies are backed up by supplies
from LDP4 and LDP1 for the ECR and Bridge respedyiv

There are dual Ethernet LAN network (coax) cablesveen the main server and the
main MCR console. There are also dual network sab&ween the backup server and
the MCR console. The third pair passes from trek ln@ server to the back up console
on the bridge. On the drawing showing this arramga (394-440-100-LDS-001 sheet
101 Rev 1) the MCR is called the combined propulsiontrol and steering.

On the basis that each is stand alone then thenethieetween the two consoles is not
critical as it is provided only so the MCR can remaperational if the MCR server has
failed.

The system has four dual field bus networks (CAN)buUNumber four is for the watch
keeping, (unmanned engine room) alarm monitorirdy@ailing. This does not concern
operations in DP2 on the basis that the enginerabrmom will be manned during
operations. The other three are configured asvici

FIELD BUS DPUs DATA

1 DG's 1 & 2 Port
DGs 3 & 4 Starboard
Thruster Drive Port
Thruster Drive Starboard
Wheelhouse
Group Starter Panel 1
Group Starter Panel 2
11-14 HVAC

O~NOTh WN P

WWWWNEDN

Note: DPU 6, 9 and 10 do not exist, these numbrerseserved for future developments.

This shows that the port diesel engines and patistar drive are controlled and
monitored by No. 1 dual network while the others an No. 2 dual network. The
remainder are on field bus No. 3. Thus port aadbstard separation is achieved.
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2.7.9

2.7.10

Each diesel engine has an individual PMS module3B®), which is linked by a dual
redundant CAN-bus so that the loss of one link willy cause an alarm but no power
management malfunction. If both are lost from oredule however the PMS can act to
control the machine independently of the other$e $erial data bus is used for load
sharing and data transfer to the AMCS (Alarm, Mamiitg and Control System). All
four diesel engines will run in droop mode but lBuated by the PMS system to
achieve load sharing. Each PMS module has a 6@fdrence and it is this that is used
for load sharing. Each PMS module is powered ffgmdint internal feeders in the 690V
main switchboard. They are galvanically isolatgcdcbnverters capable of withstanding
spikes and interference from the main power cadntelsbus bars.

When the main bus tiebreaker is open the PMS meduid starboard PMS modules are
made independent of each other by the hard-wiretlaco from the bus-tie breaker to
each PMS module. In this state there is no comeatinn between the two sides.

Failure Mode Cause(s) Effects Mitigation
One PMS fail Power loss or overOne DG stops Other engine
voltage Dual power
One PMS link fail Wire break None Use other
Both PMS fail Non alarm on other DG independent Alarm
Operator error Other side OK
Loss of DPU 3 or DPU 4 Internal short Loss of gn@ther OK

azimuth thruster

Loss of DPU 1 or DPU 2

Internal short

Loss of 2sdlg

Other OK

2.8
28.1

2.8.2

2.8.3

28.4

engines
Loss of DPU 5 Internal short Information only
False bustie breaker status|t@Vire break All engines still| Should not cause
OMS Breaker fault run tripping

Power Balance

Generated power with all four-diesel generatorslioa there is 2,217kW of power
available for each side of the main switchboardchtEbow thruster consumes 515kW at
full power while each stern azimuth thruster canstone 1590kW. Thus if one side of
the switchboard is lost and the thrusters werdét there is not enough power for one
side, with both DG’s on line to supply the full Déad if allowances are made for the
domestic load. This assumes that on the worst fedisee the two remaining thrusters
have to supply 100% thrust.

In practice the thrust of the stern azimuth thmsstes to be limited so that overload is
avoided. Calculations from the builders show #iaut 90% power would be available
and that with an open bus-tie breaker it is quitaight forward to limit the power (DP
control system) and cut back the power of the attinibrusters because they have
frequency drives.

These arrangements are satisfactory provided thex risk of incorrect or missing data
that can:

prevent a cut when one is needed
cause a cut when one is not needed.

If operating with two DG’s on line (1 + 1 open) ande thruster went to full power
there is a chance of overload and blackout ondlst The other side would have to

Global Maritime
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29
29.1

29.2

2.10

2.10.1

2.10.2

211

2111

211.2

recover the position and heading excursion, whiauld/ not be possible until the
second DG, started and came on line and then htrbig too late.

Engine Room Fire

DP Class 2 does not require separate engine roatrtedrisk of an engine room fire is
much higher than the risk of fire in other spaced a@lose attention is needed to
prevention detection and extinguishing a fire.

The system on this vessel is been designed sonthaingle fault can cause a false
shutdown. The CQrelay box has two independent power supplies afditianal
switches added to the release boxes power distribut

Main Switchboard

The main switchboard is 690V 60Hz and can be bplia single bus-tie breaker. This
will be normally open for DP2 work so that any tasihould be restricted to the failure
of just the port or starboard side of the switchidoaThere are many faults that can
cause the loss of the switchboard and these &ed lielow:

- short circuit

- loss of excitation on one diesel generator

- trip of one diesel generator and overload of second

- trip of both diesel generators (fuel oil)

- AVR fault with one diesel generator that causes tfs both
- PMS fault with one diesel generator that causesddboth.

The number of causes is not as important as tlypidérecy of their occurrence. All of
the above have taken place in the past on otheelgesOnly the first is an unavoidable
blackout, the others should not occur even thohgheffect should only be the loss of
half the power and thrust.

440V Switchboard

The main 440V switchboard is also in two sectiornith & single bus-tie breaker that is
normally open whether the main switchboard is opeclosed. Each side is powered
via 1400kVA transformers. The consumers of eacte sif these two switchboard
sections are primarily related to the port side starboard side as appropriate.
Exceptions occur for the air conditioning units ahe third pump where a common
stand-by is available for both port and starbodldss The three sea water pumps are
cross-connected with manual valves in between. s Hirangement is satisfactory
provided the common stand-by is used when DP isewptired (for example) so that the
running hours and planned maintenance can funetiwhleave the port and starboard
units available for important DP operations. AGlonly for the Wheelhouse and the
Bridge Void as the ECR has its own AC-unit.

The engine room is supplies by two speed fansoimal operation they are run at slow
speed. In the event of failure of one, the spddetieoremaining fan is increased to high
speed, which has been proven to provide amplegihé engines. Failure of one side
of the 440V board will also fail half the ventilati to the engine room, the azimuth
thruster room and the bow thruster rooms. If thgimes are still running then a
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2.11.3

2114

2.11.5

2.11.6

212

2121

temperature rise may occur but the rise will bevsémd there will be enough time to
cease the work and reach a safe situation.

The air conditioning units however are differerite theart of the system is the single
chiller plant in the engine room that supplies #irehandling units. So the cooling for

the wheelhouse and ECR, the critical areas for @& ,0n the same system (AC1) and
failure of the system in hot weather would soonseaproblems. However locally both

are fitted with spare fan motors and if the congydtem fails manual operation of the
control valves is possible. Disintegation of the faould be a problem until it was

replaced. To keep working a portable fan could in@leyed otherwise the work could

be terminated until the repairs were made. Thewuldhalways be time to safely

terminate the work. The particular failure modet tias been experienced is loss of AC
followed by condensation on cold surfaces of the @iptrol systems and failure.

Failure of the AC will be alarmed and the motonstfze system are supplied from both
switchboards.

On failure of the port 440V switchboard the AC1 landling motors can be switched
over to be powered by the starboard switchboardtlere would then be inadequate
power to continue to run AC2 and AC3. The coolimgt in the ECR is powered from

the starboard board normally so that would continue

Should the starboard 440V switchboard fail the ic@plinit in the ECR can be switched
over to the emergency switchboard. However as ithisormally supplied by the
starboard main switchboard it will rely on the Egeancy diesel generator starting and
running to remain operational. AC2 and AC3 unitt fail anyway in this case because
they are powered from this switchboard. Thesesusiipply the main deck and
accommodation.

The Emergency generator is independent and suppbesmergency 440V switchboard
when the normal supply from the starboard 440V dofmils or is unavoidable.
Consumers on this and the emergency 230V boarchasly lighting but there are also
two supplies to back up the port and starboard reaitchboard supplies for DP. (See
below).

230V Switchboards

The 230V switchboards are separated and normatlyoimeed when the thrusters are in
use. They are supplied via transformers from ti¢ gnd starboard 440V switchboards.
In principle the consumers are split in line witte tport and starboard separation for
engines, thrusters and DP in general. The digtab panels of interest are listed
below.

DISTRIBUTION SOURCE(S) CONSUMERS
BOARD
LPD 1 230V STARBOARD |« SINGLE BEAM ECHO S
LPD 2 § » SEATEX MOTION SENSOR
LPD 3 230V PORT * MULTI BEAM ECHO S

* SINGLE BEAM THAN A UNIT
« *ELEC CAB FWD BOW TH

« *ELEC CAB AFT BOW TH

« TAUT WIRE
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2.12.2

2.12.3

213

2.13.1

EMCY PORT 230V PORT e« DP1 UPS CHARGER
OR - DP1*
230V emcy - GYRO1*
(change over) «  WIND SENSOR 1
« JSO1
+ *GYRO 3
EMCY 230V PORT e« DP2 UPS CHARGER
STARBOARD OR - DP2*
230V emcy - GYRO 2*
(change over)  WIND SENSOR 2
« DPJSO2
« SPEEDLOG

* ALSO 24V DC BACKUP.

The arrangement enables adequate power sepaminachieved. What is surprising
is that there are dual 230V supplies to redundguotpenent. This is not essential for
DP2. The emergency 230V switchboard does not tagepply both the DP1 and DP2
systems. The emergency switchboard is used asniérie the starboard 230V board
when in failure terms this is a less reliable sewtcontinuous power even though there
is an emergency generator. The other possiblity arrangement makes is for a total
loss of DP because both DP UPS 1 and DP UPS 2 tmujdowered along with the
other consumers on these boards from the emerg23@y board. With alarms for
change over and check lists this critical singléufa should be avoidable but in
principle it is an unnecessary hazard. Loss oR8@V Emergency board can be caused
by several faults:

Failure Mode Cause(s) Effects Comment

Loss of 230 ESB | 440/230V transformer UPS to batteries Emergency generator will
440V ESB power Alarms take too long
690/440V transformer | Both wind sensors lost Change over
short circuit 440V JSO1&2 Will not prevent loss o
short circuit 230V equipment
operator error

Several of the critical items of equipment not ohve UPS supplies but also have
separate 24V back up supplies so if the UPS besterie found to be inadequate when
the charger fails power will not be lost. Howeviie redundancy is in the equipment
already and it can be confusing when there areipleibupplies especially if they are
simultaneously active such that one fault could Bmth and may activate higher
protection. Multiple supplies also mean that elbas to be monitored so that failure of
the back up is alarmed.

24V Systems

There are two 24V-dc systems both in the enginenroone port and one starboard. The
port one or MSB 1 system supplies the two port @igenerator's PMS units and
supplies the bridge. The PMS units however are sigplied by local transformer
rectifier units from the diesel generator, oncis itunning, via a 690/230V transformer.
This also supplies the Woodward 723 digital cotgrofor the generator. When the
generator is not running the system is powered fiteer24V board. The board is diode
protected from the generator supply. The boandoisnally powered from the bridge
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MENAS Power Distribution

charger rectifier and/or batteries located on thege. The charger is powered by the
Emergency 440V switchboard with a change over t. po

2.13.2 The starboard system is similar but the batterres 440V charger are in the engine
room. So there is plenty of redundancy in supply fevertheless a risk of a mistake
because both systems could be powered from the saitehboard (port or emergency)
so that if the switchboard fails it would leave muerjuipment on batteries. The use of
DP checklists prior to commencing operations wilere that the systems are properly

configured.

EQUIPMENT SUPPLY 1 SUPPLY 2
GYRO 1 MSB1 24V DP UPS 1
GYRO 2 MSB1 24V DP UPS 2
GYRO 3 MSB1 24V 230V AC
DP 1 MSB1 24V UPS 1
DP 2 MSB1 24V UPS 2
DG JB (PA) ER MSB1 24V MSB 2 ER
DG JB (PF) ER MSB1 24V MSB 2 ER
DG JB (SF) ER MSB1 24V MSB 2 ER
EQUIPMENT SUPPLY 1 SUPPLY 2
DG JB (SA) ER MSB1 24V MSB 2 ER
PMG GEN PA ER MSB1 24V MSB 2 ER
PMS GEN SF ER MSB1 24V MSB 2 ER
ALARM UNIT BT ER MSB1 24V TLD P2
E C FORD BT ER MSB1 24V LDP3 230V
E C AFT BT ER MSB1 24V LDP3 230V
THRUSTER CONTROL P ER MSB1 24V TLDP3
THRUSTER CONTROL S ER MSB1 24V TLDP3
ER CONTROL UNIT THRUSTERS ER MSB1 24V TLDP2
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31

3.1.1

3.2
3.2.1

3.2.2

3.2.3

THRUSTERS
DP Capability

The generator capacity shows that the stern azithadisters might not be able to work
at full power when one side of the power plantsfaiT his limitation however may have
very little impact on the DP capability becausehssel is unlikely to work in weather
conditions that require full thrust on one stermmagh thruster. The DP capability will
be controlled by the bow thrusters. If the vessalorking head to weather then the loss
of the forward bow thruster will be very limitingThe vessel will have a better DP
capability stern on to the weather but this miglikethe after deck too wet. When the
weather is from more than %6n the bow the power in the thrusters aft caneonided.
However significant project equipment on the atteck is also unlikely to reduce DP
capability significantly.

Bow Thrusters

The bow thrusters are supplied by Rolls Royce (fjp#660 DPNCP) and are driven by
690V AC motors at 1800 rpm. They are controllghiteh with hydraulic power packs

to change the angle of the blades from full startbda full port in 18 seconds. The
propeller speed is 374 rpm and the calculated tlislB5kN each. They have radial lip
seals of the 3-ring type, which enables pressurgralp and drain connection/leakage
detection, which is very important for thruster mgement. The seal material is ‘Viton
Super lip’ running on a ceramic coated stainlessldiner. A rope guard is mounted on
the gear housing to protect the seal.

The hydraulic power pack comprises a tank, fileagler and two pumps; one duty and
one stand by with an automatic change over if aile or if there is low pressure. Loss
of pressure will cause loss of control and theelnwotor should trip. There is also a
gravity tank that provides the positive pressurairzg the seawater the other side of the
propeller seal. This pressure should account taticshead at the maximum plus a
margin for motion. The filling of the system isportant so that air is not trapped in the
system and the head as a result is inadequatird=af bow thrusters from seal failure
is however unlikely to cause a thruster to tripdoefother warning signs and it is
unlikely that both fail at the same time.

One bow thruster can fail from a number of causeshawn below but the effect should
always be acceptable if the vessel’'s capability m@sbeing exceeded. The assessment
of the safe working limit will always be for the emtor to decide because the
consequence analysis warning may well come sewearaltes after the limit has been
exceeded. The normal feature of DP control systemsiono-hulled vessels is for the
bow thrusters to be used together and for highdesMepitch to be used for short periods
to counter the effect waves have on heading. Tature called ‘heading priority is
very necessary so heading is not lost sdyal is then not recoverable because of the
sequence of waters experienced. So the two bavstdns could be at 100% for brief
and isolated periods and at 20-30% otherwise.hésé circumstances it is difficult to
assess whether it is safe to continue operations.
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Failure Mode Cause(s) Effects Comment
Loss of one BT Electrical fault stop Other BT
Hydraulic fault
Overcurrent (motor)
Low oil pressure
Wire rope in tunnel
Mechanical damage
Control fault
Bow thruster to| Feedback fault Operator must Critical to DP
full pitch Valve stick stop if no
Control fault overcurrent
Unstable pitch Control fault Degraded Difficult to detect
- pot performance
-amp
- earth

3.24

3.2.5

3.2.6

3.2.7

3.3
3.3.1

The worst failure mode is failure to full pitch esjally if this happens on the forward

of the two bow thrusters because all the thrusthefafter unit will be consumed to

counter the turning moment unsuccessfully. Thesesaiare electronic, mechanical or
hydraulic. Some vessels use two feedback poteetens and freeze pitch if there is a
difference. Pitch can also be frozen if the pitebvement does not follow as expected
but there is always a delay in such checks and ietter to have no thrust than
unwanted thrust.

Inal+ 1 DG arrangement, one bow thruster motoniyll power risks overload to the
one diesel generator unless reduction can be madeeostern azimuth thruster fast
enough. This may release enough power to trip dbethruster on overcurrent.
However the remaining healthy bowthruster will thenat full pitch to recover the loss
in heading.

If the feedback linkage breaks or a hydraulic vatieks that the resultant full pitch will
cause overcurrent and the tripping of the driveanofThis is satisfactory. If the pitch
freezes and the alarm given on the DP the thrssieuld still be stopped. The operator
must not deselect the thruster from DP becauseuadththe command will go to zero
the thruster that is still running will not andas$ of heading will continue.

Unstable pitch can occur from worn parts or malsi#jid potentiometers. Similarly poor
adjustment of the zero pitch can make startingerusr much higher. Under normal
circumstances it requires only one diesel genermtastart a bow thruster, providing
there is not a high hotel load. As mentioned keettve DP capability is not degraded
much (in practical working terms) from the lossooe azimuth thruster but is from the
loss of one bow thruster.

Azimuth Thrusters

The stern thrusters are not CPP but fixed pitclin wiriable speed frequency drives.
The propeller and azimuth controls are suppliedRbils Royce, as are the bridge and
engine room panels. A 440V mounted steering mgitmiependently fan cooler)

provides azimuth control. The steering motor seteerotate the azimuth thruster to the
required heading. Failure of the feedback sigoals be detected and alarmed before
serious misalignment takes place however a migakign of up to 4%is possible which

causes a position excursion until the thrustetapmed or the error is compensated for
by the integral term of the DP controller. Theseonly one feedback to the DP control
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3.3.2

3.3.3

3.34

3.3.5

system and a separate feedback to the Aquamasitolicanit. The feedbacks are sin
and cos.

The azimuth thrusters can be used for steering (matk and autopilot) either together
or individually. When in DP there should be res&d zones so that they are efficient
and do not interface with each other. Maladjustnoérihese zones can cause position
instability particularly in rough weather. The @Bntrol system will generally always
rotate these thrusters to use ahead thrust but whiapid change of thrust direction is
needed they may rotate astern. The logic usedtegsd on trials to show that it is
optimised for DP and crash stops and found to tsfaetory.

Failure of one azimuth thruster when on DP is mitical. There are alarms for all the
parameters of interest like water temperatureierviater/water heat exchangers (from
the vessel's fresh water cooling system) and watdtage within the converter cooling
system and water flow and pressure. There aredtidns and alarms for winding
temperatures, motor current, power and controlesydaults. However the items that
are important to DP control are those used for robritecause it is essential that
unwanted thrust is not developed.

The speed demand from the DP (or RR panel) istedhe azimuth thruster converter’s
PLC, which executes the command and receives gabéck from the motor from the
incremental pulse tacho. This comprises 2HTL encasignals shifted J0so the
direction can also be known. There are 1024 pysesevolution and it is essential that
this feedback does not fail or give incorrect ddfahis happens unwanted thrust and a
position excursion will occur.

The other failure mode that is potentially criticalthe power chop to prevent blackout
should a diesel generator trip for example. TheSH#ds serial communications with the
drive converter PLC but the critical speed sigsahardwired and there is an analogue
back up. When power chop is calculated to be sacggtrue or false diesel generator
trip signal) a single contact opens and the ouppwter of the thruster drive is reduced
to 200kW irrespective of speed. After the chop lested 3 seconds the contact is
closed and the analogue (4-20mA) signal should tfieedrive the appropriate amount
of chop.

Failure Mode Cause(s) Effects Comment
Drive motor trip Mechanical fault Reduced DP capability
Electrical fault
Lack of cooling
Converter fault Mechanical fault Reduced DP capability
Electrical fault
Lack of cooling

Speed contro| Wire break Unwanted thrust Small position excursfon
fault stopped quickly
Lub oil pump fail | Electrical fault Alarm only

Mechanical fault
Hydraulic motor| Electrical fault Reduction rotation speed Azimuth feedback
fail Mechanical fault difference alarm
Azimuth feedback Wire break Thrust in unwantedAlarm and operator cah
fault direction decide
Unwanted power Wire break Small position excursion Alarm and opmracan
drop decide
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Failure Mode Cause(s) Effects Comment
Loss of control airf Leak or reducer fault Reduceal pressure Water ingress and costly
damage

Power chop toq Hardware or software Blackout one 690V board| Small position excursion if
late fault safe

Limits not exceeded

3.3.6 The azimuth thrusters have several control locatiomhey each have local controls,
there is a control board in the engine control rqaos aquapilot control panels and
there are control units, interface units and tlaeetrol lever panels on the bridge plus
the DP and autopilot. The independence of theie was verified on trials, confirming
that when in DP none of them should be active andimgle fault or act of maloperation
should make them so. The interpretation of theedgioint has to be reasonable. This
means the maloperation has to be a mistake rdtherdan action to cause a problem
deliberately. Simple faults can include wire bresttorts and earth faults.
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4,

41

4.1.1

41.2

4.1.3

4.1.4

DP CONTROL SYSTEMS

DP21 Computers

Courtesy: Kongsberg Simrad

There are two independent but linked microprocesgdingle Board Computer — SBC
based on Intel 960 RISC processor) which take ripatidata received from a range of
sensors using a master/slave relationship and geneéhe signals to the thrusters
required for position and heading control. Thetaysfor the console computers is a
Windows™ NT —32-bit operating system but this is just useddisplay purposes. The

actual control is executed by the computers (SBi’she Kongsberg computer cabinet
located in the void space beneath the bridge.

The two (DPC) computers operate in parallel eaclividually receiving inputs from
sensors, reference systems, thrusters and thetopenad performing the necessary
calculations. However, only the on-line computeragter) controls the thrusters.
Switchover between the computers (master/slave)baagither automatic or manual. It
is automatic if failure is detected in the on-lc@mputer. Continuous comparison tests
are performed to check that the two computers teadame inputs and give the same
outputs. If a difference occurs, warnings andnataare reported from each computer.
The weak point in a dual redundant system is thiéyato determine which computer is
wrong. The operator therefore could choose thengriane. In practice this difference
is rare.

To meet DP Equipment class 2 at least three posittderences must be available,
whereby the system can exclude a failed or degradsdion reference and still keep
position. This vessel is configured with four diént position references i.e. DGPS,
HPR (Simrad HiPAP), a taut wire and an MDL Fan Bedburing the DP trials the fan
beam was not available, but it had been commisdioearlier during customer
acceptance trials. It will only be hired on a patjbasis. The Consequence Analysis
warning does not take position references or sensts account but reacts purely on
low power availability or insufficient thrust (thsters and generators).

Both computers and all interface boards are locaié¢kde upper cabinet whereas power
supplies are sited in the lower cabinet. Althotlygh CPU’s and the power supplies are
separated, the interface boards are serial linkiéld voth computers connected to each
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4.1.5

4.1.6

4.1.7

4.1.8

4.2

421

4.2.2

board. There are analogue boards for the thrustBt) signals and digital boards for

other data. There are two separate cards, onernldall inputs and one to handle all
outputs. Each will have galvanic isolation so mygke fault can degrade more than one
system.

All the above mentioned boards are connected tt Ipotver supplies with failure
detection on each interface board. In case onedlbdetects a problem with the power
supply all boards switch to the standby power sypplThe downside of this
arrangement is that a fault on one could fail both.

Two Power Supply Units (PSU) are mounted to thepater cabinet. Their function is
to generate a stable reference voltage for thenfioteeters used for the feedback
signals.

A ‘redundant’ ethernet is installed between botmpaters and the operator stations. In
case network A fails, B will take over and visasar However, each has the same data
and same software so if the on-line net is oveddasb too will be the back-up. It is
important that this cannot happen.

The SDP system has only very basic features fodweare error detection of the

interface and the network hardware. The operatsrtb be extremely experienced in
order to identify the problem when an error occamnsl take the necessary corrective
actions in time.

To take command of the thruster in DP a change swiich is located on the forward
bridge. It is directly hardwired to each thrustemtroller and a single failure of the
switch should not be able to disconnect more thrntbruster from DP.

Operator Consoles

Courtesy: Kongsberg Simrad

Three operator stations (OS) with similar cons@les installed on the bridge and they
all have the same functionality including a joyktic OS1 is located on the bridge
forward midships, while the other units are located the bridge aft, to port and
starboard.

The 220V power supply to the consoles OS #1 anédD&mes from UPS 1 and UPS 2
respectively. Each OS is also supplied with 24\he 24V is fed from the 220V via a
220V /24V converter. The screen of each consotbvisled into one large area on the
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4.2.3

4.2.4

4.3

4.3.1

4.3.2

4.3.3

right and two smaller areas on the left and the sizthese areas cannot be changed.
Each of the areas can display a separate pagdoomiation, which can be selected by
the operator.

Alarms are displayed when the “Alarm” button on Kegpad is pushed. All the alarms
are presented on an overlapping window on the s@é&the console where the button is
pushed. When an operator has to input informat@nis also done using overlapping
windows, which always show up at the same locatiorthe screen. The cursor is
positioned directly on the input window. The peintan be moved using a trackball
and selections are made using one of the threersuith front of the trackball.

Colours can be selected from different paletteg. (Baylight, Dusk and Night). The

‘Night’ palette has different colours and easy piitsnformation and commands can
also be made using the push buttons but they ek &like. No colours are used to
distinguish functions but they do have text and mvhebutton is pushed an indicator
light will illuminate showing the function has beselected. Ciritical buttons are double
push non-critical buttons are single push. So esusgvay and yaw for example are
double push.

DP Control Modes Functions

(BM1018)

Courtesy: Kongsberg Simrad

The standard DP control modes are implemented wdniehstandby, manual (joystick)

and auto position. Mixed modes between manualard give automatic control of

heading, X-axis and Y-axis either separately orlwoed. When all three are selected
an automatic switch to auto mode is made. Theesystas in addition ‘High Precision

Control', ‘Relaxed Control' and ‘Green Control'. n Iprinciple these modes are
promoted to reduce thruster wear and use less faeherally operators experiment with
modes and gains and then use only a few combimatiaddther modes include Auto

track (low speed) Waypoint Table Management lintee&CDIS and fixed and variable

azimuth mode.

The wind, gyro and VRS/MRU sensors used by the B&tesn cannot be directly
selected from the keypad. Instead, a dialogue dxhe screen is used where the
sensors have to be enabled and the preferred dessoo be selected. On the keypad a
button only controls whether the gyro, VRS/MRU avidd inputs are made available to
the DP control system.

The management of position references is of printaportance because the DP control
system acts immediately on position error and,good position performance, needs
new data at one second intervals. Clearly theaenised to:
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4.3.4

4.4

4.4.1

4.4.2

4.4.3

- filter noise
- determine the relative weight of each
- correct for vessel motion (roll and pitch).

To help the above process a Kalmam filter usesrhtematical model of the vessel to
predict the position excursions of the vessel theg reasonably possible in the
conditions sensed over the last 10 or 20 minutiéss self-adaptive so reducing the
noise of the position (and heading) inputs. It camease reliance on the model when
the position references are poor. It can alsoigeo\dead reckoning’ when there are no
position references accepted and calibrated thasiding a “fill-in” while another
position reference is made available. It is esaktiiat the tuning of the Kalman filter is
correct so that it improves performance in all dbads not just some environmental
conditions. It is most useful when the conditiane marginal and these conditions are
really needed for the trials.

DP consequence analysis must be selected whentakidgrDP 2 work. The analysis
provides a warning to the DPO. Checklists showddubed to ensure the analysis is
running when undertaking DP critical work. The Igas however should not be relied
upon because it takes three consecutive calcugativer three minutes all to say ‘failed’
before a warning is given. So safe working lintiés be exceeded for sometime, even
15 minutes before the operator is warned; a goatabgr is therefore better than this
analysis. The facility works well when there istaady increase of environmental load
from current. It does not work well in squalls.

M otion Sensors

Courtesy: Kongsberg Simrad

There are two motion sensors of the type Seatdoarnd, one MRU-5 and one MRU-H.
Both MRUs are used as sensors to the SDP (MRU 1M#RY 2). MRU 2 is also
directly used for the HiIiPAP and both are used f&@B8. The MRU system uses solid
state device to measure the roll, pitch and heatee rintegrating these signals gives the
roll, pitch and heave measurements.

The MRUs are powered from the DP system. The MBta & fed as 10V dc signals.
Loss of these signals from these inputs will caaisealarm in the DP consoles once
failure is detected but this is difficult if theiig little motion and the vessel is not
inclined.

When the measured antenna or transponder postoriiected erroneously with wrong
inclination data, the DP system will react and degrthe station keeping. A slow drift
of the input is dangerous because it will not bengdiately detected. When the
difference between the two units exceeds a prérsiet(1°) an alarm is given and it is
up to the operator which VRS to select as inpuihéoDP system.

The HPR only has MRU 2 so if this unit has a faaltdoes the position data from the
HPR. If MRU 2 is also selected as ‘preferred’ tlainposition references will have a
fault; the effect of this is a degraded positionf@@nance at best and a drive off
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45

45.1

45.2

4.5.3

4.6

4.6.1

position as a worst case. The checklists shoukemdRU 1 preferred so the DGPSs
and Fan Beam are corrected by a different MRU &oHRR. If all are on MRU 2 they
are no longer independent position references.

Gyro Compasses

@f oS éf oS éf oS
OQ OQ 0@9

s B S

W

Courtesy: Kongsberg Simrad

The vessel is equipped with three gyros; all tlaneeof the same (SR180MK1 Mod 10).
The gyros are located in the void space beneathbtlige. All of the gyros are
interfaced to the SDP 21 and the operator musttsttle preferred gyro. No 3 gyro is
used by the HPR. In this the case, another gyrst i@ selected as preferred because
the fan beam and Dips may not be given a unique gnout and will provide relative
fixes to the DP control system.

The gyros are treated in a similar way to the pwsiteferences but because they are the
same their characteristics will be similar and idhentification of a rogue gyro more
easy. The chances of a common fault failing akehgyros is negligible: they all have
separate power supplies.

The difference alarm should be set &t Irhe output from these gyros is also quite
secure (serial line NMEA-0183) and loss of this reetion is immediately alarmed.
Only the slow drifting of the preferred gyro whenlyptwo are available presents a DP
hazard but the vessel is no longer DP2 in this itimmd

Wind Sensors

Both wind sensors measure the wind speed and idineathich is used in the DP
mathematical model to calculate the thrust needdxhlance this force. This is added to
the thruster allocation logic immediately to comgee for the calculated wind force
(wind feed forward). Both wind sensors are placadhe navigation mast (forward &
aft positions) above the main bridge. Both units supplied from the UPSs (wind
sensor 1 UPS2 F8 and wind sensor 2 UPS1 F9) amdshould be enabled whenever
possible.

When both units are enabled difference alarms amergted for wind speed and
direction to alert the operator of a mismatch. sTieature can be a nuisance at times but
it is better than having just one selected becauadure in speed or direction can cause
a position excursion and degrade the DP matherhatiodel. Complete loss of the
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4.7

4.7.1

4.7.2

4.7.3

4.7.4

4.7.5

wind speed signal (RM Young wind sensors) whenethersome wind, > 5 knots will
cause an alarm. However, loss of the directiodifeek can cause an acceptable (to the
DP) shift and a sudden unwanted increase in thrust.

Hydro Acoustic Position Reference (HPR)

The HPR system is named “HiIPAP”High Precision Acoustic Positioning”) and is
designed for water depths from very shallow to degper (2000m) looking straight
down with a standard unit. The transducer extdradisw the hull through a gate valve
and comprises a semi-spherical transducer with 228relements. Electronic controls
nearby within the vessel enable beam directioaisimission and focused reception in
the direction of the transponder, thus improving 8ignal to noise ratio. This is
important because the base line is very short (tydistance of the head itself).

The system calculates a sub sea position of apgoawter relative to the vessel mounted
transducer unit. The directional stability of thait is obtained by firstly fixing the
transponder location by a wide beam and subsegueatiowing the reception beam
towards the transponder. The system uses a diggtain form, which takes its input
from all the transducer elements. The system otnthe beam dynamically so it is
always pointing towards the target, roll, pitch gmav is input to the tracking algorithm
to direct the beam in the correct direction thualbding the correction for these motions
to be effectively applied continuously.

The system calculates a variance for its measursmeetermines the system accuracy
and standard deviation. The HIPAP has a built-ainkan filter, which improves the
stability and accuracy of the initial narrow beaptimisation but does not interfere with
raw data being sent to the DP control computeraw Rata should be used because
filtering causes a lag, which can cause instability

The transducer is directly hardwired to the HIPAB.O The system is connected
supplied 230V from UPS-2 and the transducer heigbwered by 440V from main bus
bar section. Loss of the 440V-power supply to hieést control will not affect the
HIPAP if in use.

The performance of HIPAP is also dependent on yhecgmpass and the MRU. This is
a weak point as the reference is dependent onthetMRU and gyro. The HIiPAP is,

however a single reference in a vessel with fousition references and a back up
DGPS.

There are many failure modes of this system bubtaprity are detectable either by the
system itself or by the DP control system. FaiMies that are a risk because they are
not detected are:

» reduced performance (failure of some of the heads)

» lost transponder(s)

» dragged transponders when tethered on wire or rope

* loss of signal and/or refraction

* noise from thrusters and/or other vessels.
The performance was bench marked on trials saathatitial value was established and
can be verified several times on an opportunityiha® that any reduction in
performance can be quantified.
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4.7.6

4.7.7

4.7.8

4.8

48.1

4.8.2

4.8.3

4.8.4

4.9

49.1

All vessels approaching should be warned if acosisire being used. They should
switch off echo sounders if they operate closéneoftequency being used by deployed
transponders.

Noise interference is also a problem when workimdpeavy weather; noise turbulence
and vibrations will cause occasional signal lo$&e extent to which this is a problem
will depend on the machinery noise and current.ogérating with only DGPS and

acoustics, failure of the DGPS can cause incredsedter activity that in turn causes
loss of the acoustics and a loss of position te faéce.

Transponder battery failure can also be experiermtedny moment. If only one
transponder is deployed a single failure will disathe HIPAP. Again, on this class of
vessel this failure is not dramatic assuming gowality satellite reference and fan beam
data are available. A log of transponder battsg/should be carefully kept.

Online help is provided within the HIPAP softwanedathe Operator can access this
valuable feature whilst in operation. The helpnfat follows similarly from that
provided in the SDP software, being indexed alptiedléy or in groups. Help for both
HiPAP and SDP follows the Microsdft. Windows®conventional interface and is
simple to operate.

DGPS

The vessel is fitted with four DGPS three of whark for DP. Two are identical DGPSs
(Leica MX420B), the third is a Veripos dual freqagnsystem (L1/L2 and LD2
integrated demodulator). The fourth is a Kongstiegtech SPH20, which supplies the
hydrographic survey suite. The three DP unitshale an NMEA-0183 serial line
interface with the SDP21 system.

The Global Positioning System (GPS) is a highlyuaate, satellite based navigational
system, which permits a land based object to xgi#ographic position using Doppler
phase shift techniques. In order for the earthiosteto calculate the fix position a
minimum of three transmitting satellites (aboverdédio horizon) is required.

By calculating the naturally occurring error atreoln location, it is possible to obtain a
differential correction figure, which can be apgli® mobile offshore stations using the
GPS system. This technique, known as Differe®BS (DGPS), enables the precise
fixing of a vessel's position with sufficient fregacy for it to be used as a position
reference for DP operations. This technique impsae position accuracy of the GPS
system to within a metre accuracy.

The antennas for the GPS system and the diffetectiaections are distributed to
different locations on the wheelhouse roof. Théedénce in antenna locations is to
ensure that the will operate with different sateltonstellations. The DP operator will
need to ensure that they operate with differenremion signals. The differential
signals should be input into the DGPS from twoedéht sources.

DGPS Failure Modes

Possible failure modes for the DGPS are:

» GPS signals blocked by structure
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4.10

4.10.1

4.10.2

» Reception of reflected signals causing range jump

» Reflected signals may combine with direct signals eause fading or signal loss

» Loss of correction signal
The performance was bench marked on trials andstenfirmed that no shadow areas
existed. When the vessel is operating within tB8nd zone of a large installation this
will need to be verified.

Fan Beam

The vessel has an interface for an MDL fan beamichvivas hired for the FMEA
proving trials and will hired locally if and where@ded on a project basis. No details of
the unit have been supplied. However, the plafoisan NMEA-0183 serial line
interface with the SDP21.

Possible failure modes of the fan beam are:

» failure of the vertical reference sensor
» Signal block due to dirty lens or

* line of sight obstruction,

» Loss of target / false target

* Low sun

» Bright lights, particularly at night

* Loss of serial link to DP

* Loss of 24V

* Loss of encoder feedback

As no fanbeam was on board during trials, commiss@ tests will be required on a
project basis.

411 TautWire

411.1

411.2

The vessel has a Bandak LWTW (light weight taue)vivik 14B installed as a position
reference for shallow water. This system is antedelsydraulic-pneumatic system that
requires a 440V, three phase power supply and cesepd air between 6 and 10 bars.
The instrumentation uses a 220V single phase sufplg taut wire is, as the name
suggests a tensioned wire that in this case isihetdnstant tension by a weight on the
sea bed and a winch and servo system on the suiifaedension compensating system
is pneumatic with air cylinders controlled by ags@re regulator.The length of the wire
and the alongships and athwartships angles areumsegband used for the calculation of
position. So the position of the sea bed weighhés position of the wire suspension
point adjusted for by the wire angle and the vess&ion. The position of the vessel is
determined from this after allowing for the offsefghe taut wire head position.

The taut wire has its own control system (Telem@gsnTSX Micro PLC system) and

local and remote control panels. The weight shautdhlly be deployed locally but one

deployed and the “mooring” is on operations of kembing can be executed from the
bridge.

4.11.3 The failure modes of the taut wire are therefortobsws:-

» Drag of the weight from poor tension control or kgter error
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412

4121

4.12.2

4.12.3

* Tension too low and poor position data
* Air failure

* 440V failure

o 220V failure

* PLC fault

* Wire against ship’s hull and no change in posigoren when position is being
lost

» Broken wire and loss of data

» Error in one pot meter or broken wire of one

* No or wrong motion corrections

* Incorrect wire length (water depth) giving wrongsfiion change data.

All the above failure modes are detectable if thdégerent position references are on
line but if only two are in use a drive off is pitde from a single taut wire failure. The

hardest for the DP control system to detect iddilere or fault in one potentiometer as
the position itself will show change but the fadun one axis might be missed and the
weighting kept high. Zero change in both pots wé@lise immediate rejection as will a
wire break. The set up of the taut wire should gbvgive an alarm before the ship’s
side is touched but sometimes this alarm is natsaedl for a list angle.

Position References & Weighting

The vessel is provided with a wide range of positieferences to provide the operator
with various options to ensure accurate trackingposition, regardless of exterior
factors. When preparing to operate on DP it ie®ssl that due regard is taken of
factors which can influence the different systems.

The weighting assigned to each sensor within thespslem is determined by the
operator. It is essential that three separatesysbperating on different principles are
employed, such as Fan beam, DGPS and HPR. Intysfailure of any one system

will leave the two remaining units uninterrupteddathe system in error will be

outvoted.

When multiple units of sensor types are availabie important that they are not given a
disproportionate weighting, which could lead torel off.
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5.1

5.1.1

5.1.2

5.1.3

5.14

5.1.5

5.1.6

COMMUNICATIONS
Bridge

The bridge is fitted with the following shipboardremunication systems:
* Auto telephone

» Talkback

* Dive Alert System
e VHF

e PA

The telephone system communicates with the enginercall offices, cabins and
internal work areas of the vessel.

The talkback system allows communication from thdde to the engine control room
and thruster rooms.

The dive alert system, is fitted to the bridge,iragontrol room and the cabins of the
Master, Chief Engineer and Dive Supervisor. Initald a portable alarm panel, on a
20-metre cable is provided in the Buoy Workshop.

The VHF system communicates with the handsets geolvio all duty officers.

The PA system has two operational settings, ejpiitic areas or all areas throughout
the ship.
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6. CONCLUSIONS
6.1 General

6.1.1 The vessel meets DP Class 2 requirements with nepéons. For recommendations
please refer to the latest annual trials report.
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Tabulated Failure Modes

7. TABULATED FAILURE MODES

Power Generation Failure Modes

Failure Mode Cause(s) Probability | Local Effect Final Effect Criticality Remarks
Loss of one pair of engine§ Fuel failure due to:- Low Engine stoppage Other two engines supplied frop
separate fuel tanks, will provide
Fuel starvation adequate power to maintain DP ahd
position.
Fuel contamination Loss of 50% of generation Minor
capacity
Catastrophic engine failure Very low Two enginestsiown
Mechanical Failure Failure of engine (piston, pistop Low
rod, cylinder relief v/v, crankcase
explosion, governor failure Increased load on Minimised by good maintenance §
remaining generators, procedures. Catastrophic engije
Loss of power from one vessel maintains position| winor failure could cause loss of whof
Mechanical failure of shaft Low engine engineroom
between engine and generator
Electrical Failure Generator  failure  (windings, Low Loss of power from ong Possible failure of othef Minor Alternate engineroom will provid
stators etc.) engine engine on the same adequate power to maintain DP ahd
switchboard on reverse allow the vessel reach a sge
power situation.
Generator failure (AVR) Low Defective generator Mk | Running generator take Alternate engineroom will provid
tripped additional load adequate power to maintain DP ahd
Minor allow the vessel reach a \sav
Loss of power to fuel injection Low Engine shuts down Possible loss of other situation. ~ (see  also  po

system

engine if it is unable td
take sudden load

management)
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Power Generation Failure Modes

Failure Mode Cause(s) Probability | Local Effect Final Effect Criticality Remarks
Pump failure
Inadequate flow of seq ajrin the system Low High FW temperature Loss of one central coolef Minor Remaining central cooler has 100
water capacity for all engines
Poor maintenance Remaining cooler takes suction fro
the other side of the vessel
Leakage
Blocked intake
Pump Failure Medium Low pressure alarm stamlone Minor Relies on stand-by starting
stand-by
Faulty control valve
Inadequate cooling Leakage from cooler Low High diesel generatof Engine S/D Minor if problem | Early warning possible
temperature isolated
o Temperature rise is not sudden
Air in system
Failure of flexible coupling
Compressor failure Low None Minor Standby compressor available
Loss of start air Loss of engine star
Leakage Low capability Partial loss of engine staft Minor Split system
capability
Compressor failure Low Reduction in air pressure sd.of air to header tank| Minor Back-up supply available from mal
starting air system via reducer
Loss of service air
Drier failure Low Moisture in system Erratic  opecat of | Minor
pneumatics
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Tabulated Failure Modes

Diesdl Generator Failure M odes

Failure Mode Cause(s) Probability | Local Effect Final Effect Criticality | Remarks
Reverse power trip Other engine
Excessive vibration Mechanical damage Low Generator S/D Split switchboard
Low FO pressure Minor Engines running on low load
Low LO pressure
Overspeed Second generator s/d gnMinor Other engine
reverse power
Control Fault Low Generator S/D Split switchboard
Operator may shut down
N healthy machine in error Engines running on low load
Instability
PMS Failure Power loss Low Loss of voltage control on Generator S/D Minor Other engine
generator
Voltage loss Low Split switchboard
] ] B ] ] Engines running on low load
Faulty bus tie status to PM$ Wire break Low Tripping of breaker Loss of one engine Minor
Defective breaker Low
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Diesdl Generator Failure M odes

Failure Mode Cause(s) Probability Local Effect Final Effect Criticality Remarks
Drive motor trip Mechanical fault Low Loss of thruster Reduced DP capability Minor h@tthrusters
Electrical fault Low load
Loss of cooling
Converter fault Electrical fault Low Generator S/D Reduced DP capability Minor Otieusters
Loss of cooling Low load
Speed control fault Wire break Low Overspeed Unedrhrust Minor Small position excursion
stopped
Lub oil pump failure Mechanical Low Auto start of standby pump|  Alarm Minor
Electrical Low
Electric motor fail Mechanical Low Loss of thruster Reduced DP capability Minor Ottheusters
Electrical Low Low load
Azimuth feedback failure Wire break Low Loss of troh Thrust in an unwanted Minor Alarm & operator to decid
direction shut down
Unwanted power chop Wire break Low Reduction imishr Reduced DP capability Minor Other thrusterdlatbée
Power chop too late Hardware fault Low Excessive thrust Blackout of one 69(QWajor Split switchboard
board
Software fault Low Thrusters on 50%
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Network Failure Modes

Failure Mode Cause(s) Probability Local Effect Final Effect Criticality Remarks
One PMS fail Power loss or overvoltage Low Gener&ld Possible reverse power trip Minor Split switchboard
of other engine
Engines running on low
load
One PMS link fail Wire break Low None
Both PMS link fail Wire break Low DG operate indegently Alarm Minor
Failure of U42 analogue Internal short circuit Low Loss of board and feedba] Loss of T1 and T3 Major Vessel remains on DP
board
Position loss possible
depending on weather
conditions
Failure of U51 analogue Internal short circuit Low Loss of T2 & T4 Major egsel remains on DP
board
Position loss possible
depending on weather
conditions
Loss of DPU 3 or DPU 4 Internal short circuit Low ods of one DG Loss of one engine Minor Split switdrd
Loss of DPU 1 or DPU 2 Internal short circuit Low ods of info on 2 DG No effect Minor Others only
Loss of DPU 5 Internal short circuit Loss of info bow Thrusters continue to Minor
thrusters operate
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DP Control System Failure Modes

Failure Mode Cause(s) Probability Local Effect Final Effect Criticality Remarks
Loss of UPS 1 Failure of unit Low Loss of output skoof: Minor Other DPC — 21 B takes
control
DPC — 21 A(PU1)
SPP 0OS1
Fan Beam
Loss of UPS 2 Failure of unit Low Loss of output skoof: Minor
DPC — 21 B (PU 2)
SDP 0S2
HIPAP
Wind sensor display
Loss of HPR Input failure Medium Prediction error, HPR Other HPR(s) functioning Minor
deselects
Power failure Low
Loss of wind sensor Input failure Medium Prediction error, wind Other wind sensor(s) Minor
sensor manually deselectefl functioning
Power failure Low
Inadequate satellit¢ Poor geometry and Medium DGPS rejected if othef Loss or degradation of Minor (Major if only DGPS | Relies on good procedureq
coverage shielding from platform position references position if only DGPS on| used)

line
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DP Control System Failure Modes

FailureMode | Cause(s) Probability Local Effect Final Effect Criticality | Remarks
Power failure
Correction signal failure
DGPS 1 failure Medium Nof/failed input to DP,| Other reference systemsMinor
. DGPS rejected available
Masking
Configuration
Power failure
Correction signal failure
DGPS 2 failure Medium No/failed input to DP,| Other reference systemsMinor
Masking DGPS rejected available
Configuration
Loss of vertical reference
) Loss of target / false target ) )
Fan Beam Failure Medium Sensor out of range Sensor deselected Minor At least two other sensd
types should be in use
\loss of serial link to DP
Loss of 24V
Taut Wire failure Polentiometer meter fault (spdow No data or wrong data in Rejection by DP control Minor Major if not detectear

others in report)

one axis

wrong weight
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APPENDIX 1

Layout of DP Equipment
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