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Rule development

= Safeguarding life property and the environment (MTS: Incident free operations)

= Support the industry:
- Technically (to support safe operations)

Cooperation

- Industry
- Authorities |
- Universities and other research institutions |
= Manageable pace: et
- Not to fast DLl St
classification
- Not to slow of ships

Incidents and accidents

Politics |

IMO and other regulators

Consistency and transparency is very important

Houston October 2013
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DNV Rule development process

Need for rule
chal

Get Funding

Write proposal
Internal hearing

Internal comments
= Update proposal

External hearing
External comments

4 Update proposal

Approval
of rt Rules published

Rules in force

Typically
15 to 24 months

(0,5 year after publ.)

Houston October 2013 \/
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Chris Jenman, Global Maritime (London), UK, “DP Past, Present and Future”; MTS
Dynamic Positioning conference October 11-12, 2011

Typical characteristics for such class 2 systems from the early days:
=No single fault shall cause a catastrophic failure

=Never exceed vessel’s capabilities

=Capable personnel

*FMEA

=Withstand the loss of one thruster

=Withstand the loss of one diesel generator

=Withstand the loss of one switchboard

=No failure to full thrust allowed for any propeller (note, almost all where CCP, and would
typically have such a failure mode anyway)

=Three position references: 2 on line + one standby

=Redundant DP control system, or non-redundant + Joystick
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If one should make an attempt to update the same list of characteristics based on
today’s high end class 2 and 3 standards it might look something like this:

No single fault shall cause a loss of position or heading (to avoid catastrophic events)

Never exceed vessel's sub failure capabilities, which is to be continuously monitored by the automatic DP
control system Consequence Analysis

= Capable certified personnel and higher focus on operational aspects
= Designated workstations for DP operations

= FMEA, generally to a higher standard and often based on more than one “technical system operational
mode” with inherent different integrity towards loss of position

= Withstand the worst case relevant failure mode

= Systems split in more than two redundancy groups
= More complex power systems

= Desire to operate with closed bus-ties

= No failure to full thrust allowed for any propeller (RPM control is the state of the art and the failure mode is
easier mitigated on these thrusters as compared to CPP)

= (At least) Three position references: All on line
» Redundant DP control system + Joystick + Manual levers

= Back-up non-redundant DP control system for DP class 3
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Todays DNV DP rules and other DP related standards
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DP Industry and market, some present challenges...

= Constant development (at a high pace):
- More suppliers of DP equipment and DP vessels
- New operations being performed on DP, often in new and challenging environments (e.g. Artic)
- New designs and new technology (e.g. to be environmental friendly)
- New ways to apply existing technology
- More integration and automation
- Closed bus-ties
- New verification tools and methods
- Complex and flexible systems, verification and testability is a challenge
- Fight between being safe and environmental friendly
- New rules and standards

= Growth
- Both in high-end and low-end
- High-end set very strong requirements on class
- Other parts of the market are more focused on “getting the certificate”

= Clear and up-to-date rules, being consistently applied



Future? Some predictions/guesses...

= “All” vessels have automatic capabilities (can provide safer and more
environmental friendly operations)

= This will probably also include DP capabilities
= Some functions will be standardized, others will be even more specialized

= EXisting propuls./thruster/steering control vendors may implement such standard
automatic functions

= More specialized DP control system vendors?

= DP 0 and 1 Notations disappears?, since the standard functions will always be
delivered?, => part of main class?

= Capacity assessment will become more important and requested -> new standards
= More involvement from Flag states (IMO)

= Even more use and further focus on development of redundant system designs
and notations
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Possible future rule development focus/trends

= |Introduction of new verification tools and methods

= Continue focus and development on systems designed for close bus-tie(s), operation
with generators belonging to different redundancy groups running in parallel

= New standards for DP Capacity verification (also during failure conditions including
WCF conditions)

Higher focus on FMEA verification and testing

Higher focus on Online Consequence Analysis, must reflect flexibility and limitations

= More vessel/vessel type specific requirements

Rules for new technologies (e.g. use of batteries...)

High focus on integration of control systems and software dependent systems

Class scope for annual trials; better correlation with industry/IMO guidelines

= Very often such new initiatives will be introduced to the market in form of
recommended practices or other guideline documents.

L»Voluntary additional class notations
SN Main class



New verification tools and methods, ESV

= Why this need?
- Completely different conditions
(this is well known...)

= But equally important...
- Completely different toolbox
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http://www.logodesignweb.com/stockphoto/objects/tools/page1.htm

What provides valuable verification benefit?, «test smarter»

IEC 61508 . @
ISO 17894
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DP Power system trends
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DP Power system trends
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DP Power system trends
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Example traditional DP-3 notation /

/ Fweather = Fwind + Fwaves + Fcurrent

FThrusters = FA+ FB + FC + FD = Fweather

A A60 B A60 C A60 D
Auxiliaries )P Auxiliaries Lol Rl Auxiliaries P Auxiliaries |

- | ' ' e l '~ '
T ¥
' (

A60 & A60 A60

( ? -
WT & WT & WT
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Example DYNPOS-ER system

e

/ Fweather = Fwind + Fwaves + Fcurrent

FThrusters = FA + FB + FC + FD = Fweather

A A60 B A60 A60 D
'AuxiliariesN-Auxniaries—N- e Auxiliariesp{AuxiliariesPFPEAuxiliariesPAuxiliaries—pé- -N—Auxiliaries-N-Auxiliarie&{
- L - R i R e '
s I 5 5 |3 5 513
AO & AO & AO &
WT WT WT MANAGING RISK
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Closed bus power system integrity

100% —>=_ .~ DP-3 open bus-ties

/""'-'—':—e DP-3 closed bus 2013
This gap must be so small that
the IMO 645 intention of
equivalent integrity is achieved.
A 2 Expected and wanted dgvelopment >
i for DP-2 power system integrity °
DP-2 Variable v
closed bus integrity | == <—— DP-2 closed bus specification 2013 CTT e e e T e T
1A1 =—t—
0% ==

(Mustrations are not scaled)
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Failure Modes:

Minimum analysis and test requirement DP{DP-3 has extensive additional requirementsi:>
\

Short circuits, earth failures:

'iscrimination analysis.

| DP-3: Generator Protection (GP) systems

Over load:

itchboard logic), control system
lure between DP/PMS/SWB be a

A system to detect failures not addressed by
traditional generator and switchboard

Governor failures:

Overvoltage and AVR,
failure scenario:

protection systems and to take appropriate

lnalyse and test all these.

action to prevent black-outs must be installed.
EA analysis. FMEA test
ion (disconnect CT feedback or

7

Failures related to PMS and
active load sharing:

Analysis, functional testing. FMEA test: Power failure, network failure (disconnect), PMS 1/0 failure testing
required as found necessary in FMEA analysis, load sharing line failure (disconnect).

Transient under voltage
(short circuit ride through):
(In electrical systems
transient voltage dips may
occur, e.g. due to short
circuits and subsequent
intended opening of feeder
or bus-tie breakers for
disconnection of the faulty
equipment. In connection
with operation with closed
bus such transients will
affect the whole connected
distribution system.)

The FMEA must analyse the effect of transient voltage dips in the system and identify measures necessary to
avoid problems with:

esunintended tripping of frequency converters

sunintended deselecting of thrusters from DP control (e.g. loss of ready signal from drives to DP control system)
esunintended tripping of motors and other important components, like auxiliary system pumps (tripping of motor
starters and/or contactors)

eunintended activation of under voltage protection systems

oDC control power systems, e.g. dual feeding through diodes or automatic change-over

In relation with the above items, functionality must be checked in order to verify the potential effect of this failure

mode.
DP-3: Live short circuits must be introduced

at the main switchboard level. Short circuit
tests may be required for all power systems
(AC, DC, UPS) if these are crossing the
redundancy groups:

. Short circuit 3-phase

. Short circuit 1-phase

. Earth faults

The requirement is that the equi
shall ride through the transient
system voltage is re-established.

Measures must be implemented




More additional DP-3 failure modes:

Examples of failure modes to consider can be found in DNV FMEA RP-D102:

RECOMMENDED FRACTICE
DNV-RP-D102

DNV

Failure Mode and Effect Analysis (FMEA)
of Redundant Systems

TANUARTY 2012

The elecromic pf vermon of this document found through legp: fewe gy com 15 e affically Sndimg verson
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Fecommended Fracice DNY-RE-D102, Janeary 2012
App.D Fallure modes In esecirical power syshams oparating Wi cozad bus tie(s) — Page 48

Thn:ha.l.hn‘gn.ln smstre the abore equivalent safety lewl of the males and at the sarse tme enable cloved bas-
tm-ﬂrn.boichmnhdnsuudhmﬁt Ths fellowing bsmes should 2t least be ad addressed =
EA& for analyis of DP3 with cloved ta-breakars or autematic change ovar of mupply betwsean rystem::

1) Active and mactive Joad sharing:
- Active powsr load sharing failw (5.5, cansed by govemnor faiturs, imsuficiant, axces or mmsmbls active
m. fual rack faitars, active powss or Dequency senser fibzes, wignal faikares, Joad-sharing line
- hamup-ew]nai.hmsl'uhnl:n g. cawsed by AVE faikers, imeufficisat, sxcess or mnstable rmactive
pomsr, reactive power sanser filires, voltage sansor fileres, © faihres]
- Dotection mothods and actics: to bring the ymmmuafnmmmthc,undmm.mﬂnmnmpu.u
) Comegaemcss of voltage mansisan:
- Rsfarsace to analysis of warst case woltage dip (dopth and deration) an healthy bes affar shost-cizcnit on
Elﬂm:rlmi t.mcl.c-w-dn.oe-lmh il of
- Dlocumeer adequate voltage dip ride-throush™ capability of secsusary tysteoz: to remuain in position:
thmuster drives, comsputer rystems., setwarks, contacton., pumsps, vendlaton, and other axillades.
3) Risk for simmbtnsoms trip or load reduction of 2l trastars:
- Ars thars built-iz protections in farestar varisbls spesd drives fhat crmse tip or load reduction? If yes;
how & it ensured that not all thrust am lost 2t the same ticws by the same tigger? Examples of such
Hion cam be low val andior frequancy.
B g iL'nxtu:l':ESL %nﬂmmmmmmsmamnlm
pesition cannct be muaintined? E.g. tuilt-in load meducticn functionality in drives that sy reducs powar
te zaro if oz el sngize fils to full spesd.
4) Emsurs that no kdden failers sendars it impossibls to open Ss-breaksr Som PMS or other protection
devices:
- Do the PME bavs dirsct HW open compmand signals to both te-breakers?
Rsdendant opem command sigmals?
Fadl safe systean that rips boeaker on wire break on open command signal?
Is it sufBcisntly smsured that tis-breskar is not in |ocal meds durisg DP3 opsretics” (s 5. clear imdication
of localmmote states en PMS GUT)
- Includs check of iz breakss cparabtlity in procedurss for DYNPOS-AUTRODPSI operation?
¥y Famlt tolerance in PAS system:
- How is it emsured that a ingk foedback failure to PM3S dos not canse the PMS to camry out acton that
result in Joss of positicn?
- Cam for instance 2 single failure on Seedback signal oo PME cause:
- FAME to conmect penanator (or bus-tie) witheut syachnomization?
- Forca full load rednction to all rmning thrusters sizmitasgonsly?
- PME w decTsaie pemsrator Frequencies to a level that causes Tisk of autcmatic lad eduction of

drivas of drives?
- PME to increase frequency to 2 level that canses systaczs to tmp?
- PMSto] o pammal mada?

- faibare canse blackous?
Cnm.mEuP?&stpau gemsrator brsakar?
Fadlure to start and conoact

- Crash synchronization om commect
- Comnocticn of a mppod_;nm
& Do and of o settngs:
- k&mmmfmﬂmﬂhmmsMcmmpmmmmmﬂﬂmimdmhmhdm{m

discrimination analy
- Raquire ablos mﬂlmnmg. of all protection equipment both in relays oo breaker and in PAS.

- As FFMEA: Vs onbeard i all, s o breakoars, zot: short it
S?mosom“ rmf)"h; inspection all protection settings oa ors, notenty shart circui

Ty Sheet circuit salectivity betuesen bes-tis and gemerator braakars:
- Balectivity decumseated also for highest maxirum short circuit cerrant?
- Zaro delay i= bus-e shart ciroit proectioa’
%) Mode menitoring iz PMS / IAS system:
- Waming'ale i powss syrim sstup i in condlict with defined precoquisita for DYNPOS-AUTRDY
DPE3 pperation.
9) Loop monitoring {or similar) oz feedback to 5.5 PMS
10) Bus-tie breaker shum-trip, can this bs uwsed? Need to be able to open in cass of voltxge &ip

Dher Noaske Vinmas AS

Recommended Pracece DNV-RE-DMI2, January 2012
App D Falure modes in siectrical power Systems operating win cosed bus teis) — Page 43

11) Failares cansing high harmonic dlilm'mnmﬂmi]mwmﬂnm mnau.encmoﬁmcempw
to £adl? E.g. fltac failire giving kigh 11 and 13% barmsonics camsing resomance in internal filters in VFDs
o , 3gain camsing these to fail and the auxiliary function is lost for o.g. 2l thrastars.
1) Negative sequance.
13) Loss of synchronization:
- Maitsmancs of synchronization afsr volngs dip s 5 melasd to shart cirowit.
- Lo of symchmaizaticn - pols slipping (inchading severs mechanical failue)
14) Earth fanlts — gemerally.
17) System paramoters outsids nommeal oparaticnal ranges:boundaries applicable to voltage and Srquency.
16) Systemm imbalance:
- 5Mmhnrwphaw1nlhg@mbdam[.hnncum1w:mdarmﬁm‘
- Severs line curent im|

17) There shoald be implamented a systam to m.mﬁnmmpmmofaﬂhndofmpshxmmﬂn
slectrical systars ame based on daty that are verified tsted. Assumed daty should not be All mip
functions should be inciided in 2 maimtained list Thers should be a systmatic periedic check of all sat
point.

1E) The discrizuination azalysis s to be revigwed with carsfil attention that all fanction: and settings ars obe
properly justified.

19) Cther decign melated fsues which are identified deving the design roview or testing.
20) As many of these desizm slsments a5 possible shall be veriSied by FMEA sating.

As the indnsery and rulas 2re svobving and sxperisnce: collected, itis comsidemed namral that this list of relevant
faiturs modas will bs sxpanded.
W'.hnﬂn s\'hm L.mnd.cd.beh@npmndmﬂu]nud.hus ge{s]) batwean redundant powar ¥ hm: the shove
to amabyses must be supported. ve warification by FMEA testng. mﬂm
.mnhunnhwn the intemtion |.|u_'|'nsniyﬂm oq'urmk\.urmgnh af power operations” asn-qmmd
MEC/Circ. 847 the uxtent of necsssary FMEA testing may mchld.otnll'.ﬂulmﬂmnna]h hn‘ubwmco\nuﬂ.qmd
0 be potetially destuctve (5.8 short circuits and eard fadlures oo slectrical syviem)
Althemgh an squivaleat safaty level is mdmdmhmﬂhydmmhdnﬂyﬂ. 2=d tusting, i should
hmmmmmmﬁhammmmmmmwﬂmm Eu:cp-un‘m'n. &
diving) whare loss of position may mesult in u.Ié 'a;n
perénrmad in ordar to wralute the syssem operational modss inchuding open et closed bus-tins. This principla
is valid for both DP-2 and DP-3 systenss.
The intendsd equivalest safery lavel myharhmndhyeﬂ:mmmmﬂ:m discnzssd in iy section. In
gemamal sach equivalont measzres will be accepted.

D4 Separated power systems =i supplying equi it placed in a d
area

POWST wyshans pant placed in a nom- bed arca, may imposs risk
amhpanw-\mm.'hmgaﬁochdln Efgmq?n neding incidemt n]mnﬂ.i.nsnn;:j;ﬁbumﬂm

follewing typical descriptions and analysis is required by the FAEA:

— Location of equipment and cables rosting belonging to diffarsat systams. This drawing should alss indicata
any pousdbla 5 W 1 and passive Sre o '.I.'.h.lsal.nm.chﬂn-. zusamk]
i npm % B Foictl wyﬂ:y

sxt redundancy groups sheold ba ind mh.t ossibla
protection for & propagasion, and installed in s ““?m e ¥
— Duscrimunation anaiyses: Gessrater Ciscit Breakar's (CF), Main Switch Board (MSB) squipment Sadar
Cll.n-qmpmmhl.‘:ﬂmrmmncﬂ Licakls), squipment MEE Ssders, and CB" sﬁu&ardﬂrn.mm
unti] and comsumeees. This is applicabla aﬂn{mnrpnws\mm. This st be presanted a5 graphs in.
1 commeon disgam and prefembly supported by OB mskers discrimimation fables. Forth Eault
d.m:r.immzm shall alvo be incladed (if applicable). Insallaton o\f:mm limiting teeakers should be

— Wﬂrmdrwm‘wﬂ Baximem and pintmues short cincuit Jevels shallbe docemanted for all distribetions
(xingls and thres phase fmls). Geserator decramest carves faking in fo consdsmation.

— Undar voltage: As a conwquence of & womnt case failure scanarie both und*ﬁbum
shart circuit within a short tinve period. Consequanca of short circuit will be w\\ol.lagumm.jnm
which may affect comwcted squipment. Analysis of the tramsient voltige dip and dwaton mmt be
documanted. This must inchds am evaluation and cozchasion on S offect on other squiposeatand sy sms.
Buasing in mind the ssaitivity of powar slectonict, Cantactors, COmPUE FFHmE, S1C-.

— ion of protective dev
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Summary

Keep up with the development in the industry:
- Technically

- Operationally

- Political

goodness or wc
Push and pull in the direction of improved minimum This material

many different

requirements general excelle

Be active and cooperate with the industry in setting
new standards

Consistency and transparency
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Safeguarding life, property
and the environment

www.dnv.com
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