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METHOD FOR TESTI NG OF A COWVBI NED DYNAM C PCSI TI ONI NG
AND PONER MANAGEMENT SYSTEM | ntroduction A vessel
Wmdohllawd;ynam c positioning (DP) syst em for SthT/NDZOOS/OOOlZZ
cases

MET, e(%lgleﬁrgBQfe%% hfépaF"&',éCﬁEQﬁED ip“rvwi@&o@wm@ AND POWER
MAN,alttFEm-{ss(\leﬁ msee Fig. | for a schematic
|

ustration of prior art. As further illustrated in

Fig. 1, Electric energy is produced on board the
vessel by a power plant (1) that conprises electrical
Intmggﬁtéqrhtors (1g) that are driven by diesel engines and

I R\e8s8 vhth’ 9'd‘?ﬁén‘ﬁélSb3|tléﬁ‘iﬁg§‘DP’?rs5/§fén@¥5rC§f§ﬂ rPRe?py ﬁ@r%'fnother

that includes a power managénent System ( PV
appliehtiens wdkin rpamecae@mbavedm;el-eleetrmaépoweaag of pyppadlers (34) and

oo 5, RSB | SR RO e B

in Figl £ & leteiel erdyeis p@@%dé@@n%dﬁ@@h&ve@éﬁﬁ@ﬁﬁwlav%gnf (1) that
the control signals froma dynamc BOSItI onin

compiisasr ¢Jeckigat wqr@;or{smh@aba@:dmvetra y fissel @ngmss agg)/ or gas
turbl?fu% (%) Qﬁﬁla%arlﬂé A HShSH § didth thgiL L[ebce:éga% Bﬁ\(vg ﬂ&r%@gment

power COﬂS npti on,

systéﬁn QPMS)C(&D 'ﬂwerectm@ll bowdr cb%@ﬂe@@yﬂhefélemtlmwr@ms for the
or off-design eration of the wer generation plant.
propeligrs (ﬁﬁ»an%gu g“—r% k3it)- raamoaﬂltyﬁeea Snificant mﬁjo'(aqrt ghthe

prod%é’dé és%dﬁq Iﬁbg?}de?\'%ﬁhé‘%ﬁgs R eggpgécg&éﬁtlygﬁ ghﬁ%ﬁ rol signals

fromlesdynmnicypasmbrmmg HDPY abmhtyoldystpen ¢bisto taacblwtycéleadtow (35, 32)

for piREIRGHRC RIS Rk g Msirs A OW/ESBA raPiRfy ¢lianging power
cons'&ﬁﬁi%hoH{éjréshIt@ﬁ@}%é%lééfﬁé&lmertd?/eﬂ%a fa 5530werflu%tuatlons

I nteraction between the DP rol system

or ofdesign pﬂp@mtlc(myf therpgweti geeratiorpplaet. This awniead te ghutdown of
2) and parts of .the mari.ne.aytonati

the riges HanTh i B AACEnTRLEE ap e FEPRIE e IRt i miebntts

situa®ibn OWARH is efefretab ééVé?BIa%kiUutC@%'s Py ang p)@téﬂ\tld"?tda(i’@@%us and
under DP operation of the vessel esently uséed

may fegst {onlgsp ob vusriee.sdavage of anvipments S@Wﬁﬁd@ts asdiwrgeking

of th Y7, P e ke B R AP RE e s Phetllhs 18t i [fieion between

the [M@@dhtrbmy&teﬁﬁf(s; ang ains pbwat plane (B, irclwding it pewer management
esting nethods and systens that can test and verif

system é?h@md PREs pbthe Rasime@utemapien systepdrip daeis suiedaat Black-outs,
una#ﬁﬁ?ﬁ%‘@gw\%ggu%@?kbﬁé \dr &' lﬁ%d)r'?gct Wté bPE&ndlﬁéné]a\g/ If not occur

envi ronnen
undemm? bperatmobfﬂbe essell Er@wﬁymedlteging pnaxd:edutets ¢ rot allow for

systeéagﬁl(b Ig ngij (rtri‘pe]e(: E?’msfs%(lam in lc%(r:r%brn%gnoannv%ltﬁ la%Célcregt?llcal power plant
under demanding simulated but realistic conditions. This means that there is a need
for testing methods and systems that can test and verify whether the DP system will
operate correctly under demanding but realistic operating conditions, or not. This
involves both environmental conditions such as weather, and fault tolerance to single
and multiple failures in mechanical, electric and electronic equipment such as

sensors, actuators and signal transmission.

Short figure captions with some comments to the drawings
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sensors, actuators and signal transm ssion. Short

figure captions with some comrents to the draw ngsThe
weeiosn2@s is illustrated in the attached fi guP€BENO2005/000122

identified by Roman nunerals. The draw ngs are nmeant

f ofhe Prlg%@frtéﬁ illigtrated indhe aitreedfigyresddentifies by Remare
|
numBRIES Tl ings 21 maBs RN R UBAHOR' cathding shai not be

constrlmedotbaimm’@fe invertian, Whltl@ skalfbe Vintiteavysihgnattadhledvpatent claims
bl ock di agranms in which each block is a functional

°n|ypart of the system being nechanically and / or

! Oééﬁé'rla'lly tﬁ%ra}ﬁﬁﬁr%{js lnialflﬁ Fl%vlilghe%h%WSlﬁﬁ?lgﬁ%y%g%%l%ms in

and a se out se sig
whlchrmobdlleclalsob funmtlodalgparabf thensystery, beingmeesinanically ankf or

iogicfl rh iRt ik T agian et QG INELF GRS T chl ot wicianals.
Theéé"éigﬁé'l@%ayﬁ’Bé'arﬂld{%ﬂ@aﬁ@%?db‘i’tﬁl ALy batea OPsmltted over one ore
transmtted al on nes wth arrows that indi cate

moreigigast ings tbat may lnclgdalesdatachusmfmeij:lk Tthe drastihgs show the

siondf8 B b PR R LY By B fhglinea s

lines"Wigt? bfrb@8 thaf itRAES thesaiRsetion ofhe Isiyndlld frefMere block to another.
measurenents are accunul ated under " sensors.

ad¥eearding te igtandatd dermipplogydhe sessersdpe maﬁsluuagdnqsrt@@rand

a5 158, DSB8t Xekat A EFggarments
are anoun&llétedwndélrgsedsdré I s tidition, ﬂhbl ruddél‘é thtah/e@sel are included
control ystem or a marine vessel

undqr| Theustersewhgnithese aE@r%W%HW%PYtﬂH%D n%)é?’{?i‘fb@ ggnerate thrust
in Com'ﬁ%t er ﬁﬁﬁé n?élﬂ’#r@sélgeji%loo) is connected to receive

rive signal's ) fromsensors (88) at
el gt hllusﬂateh rpuist art with arcon{rdbsysiém. foFagnallihé vessel.

st BRI M cHARAHETE St PemuntiaRnrhigh a vessel
simuﬁ;rgf)gli(ﬂ?rg c&ﬁnécﬂ@d VS rbétb akv&s aléqg@) $ronh Sensors (88)

fference being that t ruste drive
at ele@ﬁsalrthmsgemmetc(rwwb%)ng fed back to the control

by T niBE s 50 ARRSGER Ly SRR o i s
embééhmérﬁ'ls aYsé@ftatidrdof th¥ ﬂrétl atibbdihfmt af tHe rn@eﬁﬁ@@mu%ﬁaied in
he i nvention. The third enbodinent is simlar

Fig. tl hfé\efdlff%nenaa dedetthad th;ertrwustﬁé malostidunsensarisignals K7%)rhﬁmg fed

back orte ORI RET A LA REtEHaE Fonf ReckRlR sfels (22) from

the dobﬁ&)ma@gﬁﬂw@hte@s@érﬂc(?) bémb st e thgantfol 6§8fem 35" )

COFrlé.e IS l(ﬁS(sjtlrant%staothtlrlgleerrnbodlment of the invention. The third embodiment is
similar to the first and second embodiments shown in Figs. Il and lll, but more
elements are simulated and thus more extensive simulation is conducted in the
simulator (100): Simulated electrical drive motors (32', 35") corresponding to the real
thruster electrical drive motors (32, 35) are included in the simulator. This
embodiment includes the thruster feedback (78') from simulator to the DP-control
system (5).

Fig. V illustrates a fourth embodiment of the invention, slightly different from
the third embodiment shown in Fig. 1V, the difference being that the real PMS (2)
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thruster electrical drive notors (32, 35) are included
in the simulator. This enbodi nent includes the
wao booagrens f eedback (781) from simul ator to thePCT/NO2005/000122
DP- control system S%M Villustrates a fourth
being @doed e p@@VIdﬂ seal ﬁtﬁe@ﬁba@k signalsy(2d) ta theegantfal sstem. This

o FERRAS TR AR kB i o g -

controdz_sysﬂéh‘B(E)eedback signals (22) to the control system
(H9) 9Wf§#r£fe§&h%lp§§s¢oﬂe°%¢i8€%m§ BRI & arkagsp ineihg seat roll
aboufkhé IIc% %xfshﬁttM?PbGﬂb Hu?%ﬂis ARy élﬁo&fa Fertical
t he i i’n

vesse e sea ong al ~axi
axis ptoleﬂneamhhnswgermmy ahd meaxesalow]theﬁamalaaes a

h h d h
b TiuRbles ST88, SRy Bndett In e otRbstl dry B Enway
arFUig)’WM isth &ifflak QFéV\Z 88tRé previo Aid\e, b ﬁdrl}!‘hb'qléﬁ‘o% for being

simlar view as the previous figure,

arrangest aba dvm@mlmﬁahgnﬂeeam@edﬂlmQ apehyanambcy using thruster propellers.
station-keeping drilling operation by using thruster
propel l ers. Description of preferred enbodi ments of

Desétigtion \oIprefstrédd emBodimeiss ofithe iAveAtioArt Wth a
control system for a marine vessel. The control system

(9)igi ls'“%tf%tﬁg &eior art witiaiopntrgl sysiemdorasnakneessel. The control

sy LR AL AT AR SPUBTIRERRENRI B o
po&t’ﬁlﬁre:f@tfdnbelseaseltsemd 5)nu&mbérftﬁrothmnseﬁs having cesmpistsnumeral
froma comuand | nfgut device (50) like a joystick, a

(8). Thescentsl systam 3) HENRE Eoqedresinpit egramands frafe #rgrgmand input
dev15é3(5@r Sg%e;éygtﬁc Qrpo%?cfdri tlﬁ%ﬁ%ﬁcg‘?ﬁ e%??ejb?& ea{ ﬁ?%gﬁg
commadd evind fspeeﬂhngea dea%beladmgtolneudr@sarrtbmhersamgw a speed

comiagiicdBvics BR SPENG. JETE POt 0 Baphing Megsurements and
the lhﬁﬂ’t‘%?o‘iﬁﬂéhd? 1413 é‘&ﬁﬂ’@tsﬁaférﬁgﬁ) ddritR 6d?ftn‘b?§§’n%lé t%le?ev%?ﬁll devices

propel I ers driven b ctrica
on bodnd, sast irepgitartly (o:ﬁc)tuahmis &)d&erthnmterpr(arb)aahé prepe)lens $34) that

may bR ived b elitiRel felfior PaReS (851 i gBahicat BRPeleh hiines
(35). dlrmy@gu@uy lﬁ@mﬁés%tﬂéﬁo%?bohv&ﬁe@'s‘ﬁ%ﬁ|aseﬁ’é1d|dl#1%y%"o$lverters
contr ol by power managenment system (2) in _order

Pow&memefatqm\ﬁ&) @emrw pewe( engines (pe)dikeddieselgnginesare

cont{Hlgd By bwpE Blapblen® sAUhE (137 ohde s HETBNier dfbraters (19

to prbvldmwﬁﬁlmrﬁﬂdoétabwsri(ﬁﬂ&r(@)the BhdtchBoanie oredembntSrom the

act ed upon wi nd, currents and waves that may
actugfpes (ﬁ)kyvhqquthe actuators (3) are commanded from the control system (5).
The marine vessel is acted upon by wind, currents and waves that may disturb the
position, heading or speed of the vessel. The power management system (2) may
have a power management system feedback line (21) for PMS feedback signals (22)
to the control system (5). The PMS may be arranged without such a feedback line,
operating only directly versus the power generator and power engine (1g, 1e) on
demand from the power consumers like the actuators (3) and other power consumers
and suppliers on board the vessel.

The communication and signals are typically of the following type:
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position, heading or speed of the vessel. The power
managenent system (2) nmay have a power nanagenent
waywsamoizedback |ine (21) for PI\/IS feedback S|grnHN92005/000122
to the control system (5)

- arF'%’Hb(%GnWrﬁr?@@tp%ﬁf&F ang é@aélagkrefqrﬁece éﬁ@@ﬁ.(ﬁbtqmeyDP

contH SISEY (Y358 Shhe (9 8 BeaN, LSR8 Bt ana
ASCHdele@rams t(eBlsrtied onfsigngldines (8@kenRB848%sdrialijrasi thascomply
with hseBa0s 5Uc) a8 RITESIQEha oG eppakanesade samstsifined by the

vendepsi tion and heading reference sensors (8) to the DP

control system (5) the signals (7) are typically a
- cdnbimthe BR esfnteh aystgoe(itg thrusteardiivestke elegtrcaldhmister motors
2 B LB R e b5 FOrd 5 GBHRRB Dot 00
the é’?‘éﬂ@ e BRESIEARalbQUEBighafteddritem Maldhise isss ersauﬁ;(:t‘en @nals, or

DP control system(5) to thruster drives
meseagas serdan kigldpsisar qepimpBication nebrorka usingyedaitefined

mes ot ldrrife of satth AR BRISaE Sheb Rer ARGy TR

- Sifrof theSpolieOManBgeoRne systens | PMS" QB)QaﬁcBh“laﬁh@ﬁﬁJt@maﬂbn
messages . sent on Fi el dbus or _conmmuni cati on netwo

systeergs A@cmﬂﬂ)power sYRiaMe §1g)BPr o otheavise ceatfﬁhwsé@mu (Ghthe
sion B H 5By 488028 Bred 0 S bt or

comsymication (Hetwbrkai u@n@umdorsd@‘hﬁd)mé%agmfolaﬁﬁaw on communication
ot herwi se r ol stem(5) the signals are either

protogels 6%?82&“@& qE? nes, or nessages sent on Fi el dbus
or conmuni cati on netmorks usi ng vendor defined nessage
formats on comuni cation protocols such as CAN or UDP.

Powé’DMalnagBrrmml@Bter&/é?Mﬁs. (PMS). The invention reI ates

h
o1 B3 ITveafiSp iaReg inaflop deeSgheT Wi torBiels Shantiat glectrioa
powdrify offHdtdr8r(9st @2)5?0( ?ﬂdpelléré’éﬂf) %'nd&ﬁ?uéféﬂs' (3W}i\/€€3/éé‘sel (0) will

el ectri cal povver generators (1
haveaar etegiicad poyed rsystem W)tthFUgenwat@'agm)gmaaace typmallga:glven with

diesql N apd Tbr g BrPERS QoL nibe P BIE 1 TD Bke Fttgoa

pow&Othat sl ptiet] o &iee uRIYBf the N sBPivaE cobRsiHE @Iécﬁﬂcél;@‘ﬂer The
the generators (1g) over an electrical power bus

powemgtsupplied ggnaﬂweo@@mat%ﬁ (19) aves e laetricalpowserifys b)) that in
regu GERR UL vTBRER shE oL HTroR e ifitd 1 ERan P e
electrical wsitsskde probeller motors (35) and thruster motors (32) of the vessel. Itis a
critical requirement for the safe operation of a vessel that the electrical power system
does not break down, and to avoid that a situation in which critical components of the
vessel lose their electrical supply. In particular, it must be avoided that the thrusters
lose their electrical power. Furthermore, a situation called a "black-out” or “black
vessel’ must be avoided, a situation characterized by a complete breakdown of the
electrical power supply of the vessel.

The power system is controlled by a marine automation, or vessel
management, system that usually includes a power management system (PMS) (2).

The PMS system (2) is a particular type of control system comprising a computer
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critical requirement for the safe operation of a
vessel that the electrical power system does not break
waloon2amntl to avoid that a situation in which BCT/NOC@S/000122
conponents of the vessel |ose their electrical supply.
program ywith eincalgarithm thamsexamita@at dethta hoacasisor tHat uscaivas input

signal i g gt o SRy and S Fpufiofbbha 8 the

electrivedipda@dr sgstei.Urd pmscbpgt@m @) ireivdyysaverQindhefiéhs described
breakdown of the electrical power supply of the

belowiessel . The power systemis controlled by a marine

TR el S tol SR SRRt BB PRt 1Rl e
electriged eadrdy2provided fpemtthe eleutrital povwesr systeinn athizyes @ngpecified
conprising a conp erprogramvvlth an algorithmthat is
requ'@@g@m " Voltagect rBAdRRSs dherRpwer darari@ Mahyayy strongly
depeﬁalﬂg%rﬁthfer {kﬁ'l 4 lcBRbftbhdr tW@‘O@%seﬁy\ﬁftﬁ w%@%etr%@nand when
outputs control signals to the electrical power

the slslpss; atrpoftimdF?Mjh ppwee che@rignd wheh wrmessblpusnmtrahsmcnnvdm the
bed. be e semwg{}ﬁ rolsthe
ship 1§ Ao\ EanS o Ribe NS 303 fiaf.& ¥essal may have
sever%ﬂé(e@:iho%‘l Qéh&%@orfsr@g‘) dfeerebgeld. 'ofié’éel %?\‘dﬁfess(ﬂéze\%gn the power
achi eves a specl f requi red current, “volta
dema‘ndeqdmmdynasrbe qmmy eﬁ@m‘rtdo itgly ontyrqnesgemr@tq/r and the
de c? on.. the ti gﬂeal condi tion o{ t he vdjssell, .
assoq,@ &mme {qEaing Osnerg orﬁglng esfl engines.
Whemtr@bm@ﬁderﬁaﬁarmcmbémo theniirauinsieVd), itvalbetnec@ssAyan run all
th Cg is maneuvering in |arge waves and strong w nd

genetadfn@l ancihe. assogiated fiasgl engines siavibe dntesnediate pawer range, it

may %@ﬁgﬁtﬂégg \%\%T?gca@r 'afgﬂe gy\épg(lé}ogsdér‘?@ﬁte ene@éd Qijrees?el engines.

The RIS gyisearh wWilb typicallgiieyusutbtgggutensaiticalipnthnage the seaitiag emhd
di esel engine, and to_stop the remnaini generators
stoppmmoaﬁh@sr@nm%nna@ermgﬁner?éom@m%ﬁeﬁﬁdo.péo‘ed%éfft%ﬁnt

powe} Qﬁd%’ﬁ‘lé@’c"{hé %‘é?hom‘ié re ulnjelﬁé?té‘SF afncidr go\mﬁr?éneratlon and

generators € asso d|e engl n
the PMS gysten @t)avllpmhls cmngmtlontsyn'alyrdmzejml syastdm duvingustart-up
of the enerat ors d . the associ at ed di esel
and SE‘HgS RS SPIINSH aF}I typically be used to

ahemis {éfn BNeHenéN8e Shsty u@%@ﬂz&} wgm 'fu”rgctfbfnsttgﬁt ensure

required nber ‘of generators” engl nes to provi
that tlsejt:bmpoeantqmﬁ/tbe elaadrical powesr syltens aos ont damaged rir ofrdesign
nt power generation, and the PMS system

d'f fue cf
con '?%’}Sﬁﬁﬁ "'i”ﬂgt fWe8onnection synchroni ze the system

dtrhlefFQVISts%ienh' rez)ansrléhﬁtreawm@fto aﬁagﬁéttm §’cat@@9trré%§ower
The "PM5S system (2) w i ncl ude safety devices

syste(rz ' o) andmmppwﬁgdeﬁmde‘mﬂbe units (32, 35) that consume
electrical power. Consider a situation when the PMS system determines that the
power demand is too high compared to the present production state of the power
system (1). Then there are several options for the PMS systems:

- The PMS system (2) may start one more generator (1g, 1e) if there are
available generators that are not running.

- The PMS system (2) may signal to a power consuming electrical unit (32, 35
or other) that consumes electrical power that this unit must reduce its power
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that the conmponents of the electrical power systemare
not damaged in off-design conditions and during
wo avobuewss The PMS system (2) works in real th@r/N02005/000122

anal yze the state of the power system (le, 1g) and the
consgmmlpndsr@am g eRMiRinmerepitage 084, Spmf'qq@m% fipawer. This is

||I
cale S BEAL SRR Thie GRESH ARG 1] W LAROMIS" oIS
assocrahqaxamtd the tmerqmmeelrtb s;bamdlm'mgﬂmesatatse Imﬂepé@emmmk-out

prevayiarbnctons Aoy, iGHH eB5adiag ast Blter arit i ine DP System

asWgﬁnerator (1g, 1le) if there are available generators
at are not running. The PM5 system (2) may signal to
- a W@M&system (@) mavedecite & shui off (lB2pogsr supply mea)umt that

consp i SORFTE S £ Sl B B Bt ot by be

undeRFRBRNG[FEIALiON tifatSASE Chislsavare ro@l%mma\mm |o7éaltﬁ )
cal |l ed p?]&gad shedd%g Thi s I(r)ﬁad sheddi Bp g may

ultimateipbenegesaay inpMmsssitations dn which the altm'natlvmmay be break-

r enerators. | ndependent
dowiﬁgthg 938?&%?%@54{@"%"5“" ctions in the formof |oad
shelPMS systent ez;lwnb Hofrhallyn¢emplise BRprivyrisy fmotion weithl the
The PM5 system ( may decide to shut off the

obje@twmfyglwag :P”@ﬁ'it)t tq mﬁlc'@ahgmrsswmm FedpingBsy %hrﬁrmgans that
if the! Lﬁodfg(? #&ﬂﬁnb ‘?saﬂaotﬁ h%ﬂ I?a&gﬁgdﬁlhg%dﬁgaﬂﬂ%ﬁﬁgﬁ\gl | primarily be

e operat e severe
appligtlito lunits tlaat arei ldegmmycnﬂdal foatteé wpeeativecefthavgssel.

L o Bk Bk a0 e Bt Fome
com%é(rﬁ]a‘?gﬁ hal bé’\ﬂiéélgr‘i&f fBafelancerﬂEré PlaPge SFrlotL?hfté HPE&WQPlnto the

he objectTve of giving prrority'to I clen
electﬁowwaumm\h/prlt dn additiannpthergeneratting snaychane a mmmmlﬂmtamount of

powd gl POk Frobiatenoeoad idhoea t BeTA Lol nof@hsume
enodgh Opéiﬁ@r”'ﬁq’oFékéIhBﬁa' vér? Ifcalrl‘i %e@l%%t%%' Wﬁls%ay AfsovIead e blaﬁ:k-out

erl oad ma F lem for exanple in vessels wt
a Ffmaaneneaep@eism@e ectrigal poweesysiaatistdivideeipsevetal

indep]%ﬁ)%ﬁlp sga&%? fﬁ%’) tﬂ?];lg?lggrpeoy\g%rosré%g ﬁ\);%f fga\%oé{vgét of first

powéF sHdIHEs erEnInkitle toressinding sirst @Mﬂtﬁcal?@fnérétbﬁ (1gA) and a first

under| oad may occur if the thrusters not consune
poweirligy(l biowaserand ppwek aygies (Wil haye sesetaf sesend priver

engi@?%éfé@%ikl?ggcéﬁﬂ Dl }Eapgén%%%rag"?ag#ﬁﬁ%eée%ohpepower bus

fi’cal’ power sys 0 severa
(1bB), etc. The motivation for this is that if the first power system (1A) breaks down,

then electrical power will still be available from the second power system (1B). The
power buses (1bA, 1bB) of two separate power systems (1A, 1B) may be connected
or disconnected with power-switches (1T) that are called tie-breakers. In some
conditions with high power demands it may be advantageous to connect several
independent power systems (1A, 1B, ...) with the associated tie-breakers (1T) to
obtain a sufficient power capacity, whereas in other conditions the tie-breakers
should be disconnected so that the independent power systems are operating
separately so that if one power system breaks down due to a failure situation like

diesel engine break-down, generator break-down, or problems with the power bus,
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i ndependent power systens, so that a first power
system (1A) will have a set of first power engines
W@ 1@a)2wii h corresponding first electrical geneCENOR®S/000122
(1gA) and a first power bus ( 1bA), a second power
then dheredmstill elyctrigal powmer availaie fm‘m mgtﬁwrp@mr syaiginms and a

sl 35 SRRy ThE-99BEER 73 S e P

systerﬁ (21 athe 6péd1ﬁ? Bhtlodinyver tlé-}b‘ﬁééi{éré bfe chfiealepeistivhs, because
then el ectric power wll still be avail abl e fromthe

the c@@a@ﬁ%prp@ménscg%@@mn(ofﬂwe)lndwqﬁm/@p\f\@n%e@ bekngingio

sepag%tha %&gyeﬁrgs%fé}hl Jut C{é’ %?%T?ﬂ& ng bid @laﬂﬁﬂ% Cl.dl‘{erljt and voltage

on théﬁt&lo poveecioldead Iﬁihes@ ve o |nlomrmrrEndmmtagemomé foo large,
ower demands it \mg be advant ageous to connect

then @é wn ﬁﬁ@%ﬁamrelgg r@@g@gﬁgnt(gwerl\ystemsynw fasult. This
meah XIS EnBLRent 8t MEPNET Sygtdrhis cRsRitch & fhat the ppening and
closihp ef tiedreakekeisnatitausd Wreaklidewmsraratker speratianaltiregularities.

i ndependent power systens are operating separately so

that if one power system breaks down due to a failure
Flrst%nﬁb&iiﬂn%ﬂtbffh%liq{/@%n engi ne break-down, generator

br eak-down, or problens with the power bus then there

i Figund Il illbistratas @arstmhndlmeat oilbednyentian lnewlmch @vessel
. st ens Situa of a hi p
simufZg8F 100 % e d0g 1€ iae e ite Bt BiPals Flassperm e8) ot

electhibH thyiEtenolors (32 %@p%b%sééllcblﬁiuﬂﬁbﬂg@f) comprlsed in this first
ti e-breakers are critical operations ecause

embedimesnt of die wveatier bﬁﬁ@ﬁnubteobactumrs 6312 peaididing sgmukalted forces

to a pHLiRe053R8L % nD SRR RREShISAETE ) Tiko SftGtea sonsors

(8" likBsirhwatedpesitionIES) from & BiAelaterl paditiomsehsoro@nh esimulated
and vol tage becone too | arge, then breakdown of one

Speegir) dore AEIMWIRIBR SERY SEDRGH (82,5 PlsRialesNeasting (73 o 2
smuﬁ?@éxé&d@@gb%ﬁa@% e trﬁetsn%[]%'i cfi U?s?eh@) ?)@él@&‘acfed upon by

€ openi ng
simutated diistatbanses (9" bike smualateldrmaki slmmatedrcmtém,rsmulated waves,

| | Fi nb di f
otc ARhgutd B SRPRIATE PRIAqTRPRSE It SBealiFaiall. ThmIUAIg vessel (©)
may b bE¥E d]bb?fb difufbted rfﬁmjré‘?ﬁé@édsr @@Hll@rﬁé'f&ﬂ&% dfSa sensor,

connected to recelve thruster from
malferctivoref o Beident malfenctiancefla thustet, enaiﬁmailoﬂ ¢faebalst pump,
sianal BEERHF ARt SR AU ot hAEes AR 4P iR cTIR R o
meaé&b)né?ﬁ@w)d%m tﬁé @@h@b@okss afeBRcked frobh fAE S6rREbI\sgSReh (5) The

gi ving sinmul ated nmeasurenents (71) from sinul at ed

snmuiaéa@ m@%uasqmentﬁg sarefedinta the spotrehsystam' () thadig still connected

o 0 RIS 29, S8 %erhel oyl B ¥ R

Furteathenéip (fédmnianddevices (50) may be disconnected from the control
system and a simulated input command device (50') may feed a series of simulated

input commands to the control system (5). Thus the command system may command
the thruster drive motors to respond in real to a series of simulated input commands
combined with a series of simulated disturbances while the dynamics of the vessel is
otherwise simulated except from the response of the thruster drive motors. In this

manner a good test of whether the power system can provide the required electrical
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simul ated gyro conpass (83') etc. The sinul ated vessel
(01) is also acted upon by sinulated disturbances (91)
wo pdos/1sionul at ed wi nd, sinmul ated current, si rrulmn'ﬂozoos/oomzz

waves, etc de crlbed |n a separate paragraph of th
powelrdarisimilaled reafietis h%r%rﬁafoo%%@m Copdifions nay s otained. The

sim@é&?? €ohditidns cr#%&}a Seﬁrlfsé"khU % Wind. And \Ayaglg spectra or any

uncti1on sor unctl 'on of "a ru
othendténesting tast ebnditiohs ssithras sighdlwnars on companleat failutes
punp, signal errors due to el ectromagnetic
di sturbances, and the |ike. The real neasurenents (7)

SecdidembBAINREMILI e {flenfibh, bl ocked from the control
system (5). The simul ated neasurenents (71) are fed

i rﬁlg HinBusitates al seppadeambadimeniof the invention diveeseahd o

embbdEEiE achidiicalianit BRTresnbaine of e inERtiofAliskted i
Fig. Hetheaherched bamy Brit the fR0SeE hislof dove §é}$sd?r®‘%ﬁeﬂ§ (78) being fed

system and a sinul ated i nput comand devi ce
backft@ethe &optpl systeyn (§), randap@yen 'ﬁlpﬂﬁgemﬁﬁﬁfﬁﬁdbﬁ@ktsmals (22) from

the b fiandagth el aydtem 12F BoOaeh S FIRRLHR STHER @) 2 PMS
feedbaclalire(d19sTioé efdotrida pever gentraton(iey) dmdehety Ye)Ririving
a series of sinmulated disturbances while the dynam cs

the powergengeaigepre sompPEdINAnehRosivpliBiibestraningm t he
response of the thruster drive notors. In this manner
a good test of whether the power system can provide

Third embodmment&ﬂ te¢ @dotentionl power under sinul ated real i stl c

iti b b
gt B BudteRs i A Eribgiisnt oT Ui RNNHoTe diNecihid airediment s
SImllé% ﬂ’@‘fﬁstsé}ﬁ?éé&rﬂ elﬂﬁbdﬁﬁé}ﬁé shBlvAif Hid é‘QII éﬁ&ﬁll but comprising

condi ti ons such as S gn errors or co
more aiemends in @emmﬁnl&tcrbdtﬂusmme eiktarisive mmﬂmuqmts dangiucteld in the

simulabb O BB EB T Blar2 o 08} B Gfind TS the e
thrus@@mebﬂﬁeatdmie fdfors8e 35)05rel .hbmaéa # e $|H1Lﬁét6r tht simulated

di fference being that' the thruster notor drlive

motog%ﬁ%%r 3%) masiving ey sw@er@nﬂr@bsnaab (60 fronethsoeantel system (5) as

orov B3I T e RS RS oy S5 BLAREL g motr

(32, %Utls eleazyiséeby (%o smmlate‘a\{ﬁrlﬁﬁéld@ﬁ\%sémms (89) anah@d back to
el ectrical gower gener at orm(ea(gé) nd the engi ne

the cgpfrol siptemdSpendhe frataskd cHdsinagated dive ﬁ”@%@rﬁd%'
35" §|’e'm|thé %lrﬁtﬂgtogr(?wlgmu-ré‘t'eﬂq?z) Q@?W@{yﬁé tttg?he 1e simylated

ent1on ustra
actuatbes (3‘1)\/(&)1hpmmng Tihee sintilat dethviesde rse(3t )|a$1d_83|mullaied poopdiers (34"),

out gl g SRS TRE) BB nse ikt v aggtor (1) wi
a sifUlHRdPIRerSrARAGEMEnBsyEIE AL RINLkE tFOBHHEE RtbdtionEB&mbodiments
of the invention, the simulator transmits the simulated measurements (7') from the
vessel simulator (100) back to the real control system (5) that continues to send
control signals (6) also to the real thruster drive motors (32, 35) and preferably all
other actuators, as if the vessel (0) were under normal operation, but acted upon by

simulated disturbances (9') and simulated failures (95').

Fourth embodiment of the invention.
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simulator (100): Sinulated electrical drive notors
(32", 35') corresponding to the real thruster

we@b@stiziocal drive notors (32, 35) are includedPCTHNOR@®S5/000122
si nul \gt or, the simulated notors (321, 35') receiving

t He9sYrilustesies aifouity embodinent ehietinverdion stightlydifferant from

e ) AU 8l P 9ok BB i BTHSESY s o

beingwazmged tbyrovide $%a119MSeféeltlbamleslgnalérs(m)?tcjseﬁ%%rﬂrcg %ﬁst}(&m (5),
e control, system e feedbac
the %'mH@t%‘gﬁ’m ‘?%ﬁaottsbwng zopRestedi/e th%pén%rok%@tema(é) png deft to

SImu'létetd?aﬁtr%llﬁg:t Poq o @feg?ﬁalbﬂnﬁmé %'irﬁﬁ‘llahar G0807 e

he si uat or’s
simugatonstilt ler@vtdasmos s(gBums) (7é)rtd the rcohtrbl%ys;bemr(éb |ardsthe real

vesse 't kil Speci® $6 it i elion bF e adjiafirs o) eumihanapB dhiough the

contﬁﬂ’ stef(mgenment system (21) . Like the above
i oned "enbodi nents of the invention, the sinulator
transmts the sinul ated neasurenents (71) fromthe

Py BP0 P B I e AEREe8R r of S anal s (6) ai 2o to
t f@orﬁsﬁ@ér 4 Dessd| €0) what isedeél@aSb;( §|%ctrﬁ,5hoﬁﬁ‘132f &fi \?érﬁmm{sters
ot her actuators, as if the vessel (0) were under

(31). n'EhEhQP stent(bbwill then autpwicanehsigpals (Bitathaithrusters, please
1

eredlgSHIIE TS0 LN B0 T S SR 5 AR ey e e o
of a deélmd sl’ﬂaftaemﬁ niEStredfprcbﬂ)‘GIerrprtem ooa desire@ bhbﬂ power for each
h E &%Ethethlrg i ment. shown in

rusttgre fl ealbh dae Brustervvbalp g%t Imdlpﬁw pgwq%thegdeswed shaft
spocd ERSARE bclt e s, YD enghacingl e bty
drlvelme arghangerie shafi Islpeetﬂ loe r?hafttprom\lrersfgnstherth (UsStera3d ) half inlvbh/e a
chargi e Sledical Bpwke?%e&sfmﬁamrtnErei@%ﬁééﬁﬁwds?%?%?;f‘oaeséz)- fthis
chany@f ‘é'iec?théﬁl%oﬁ\se(rst | 404 T&?‘gé Hdre8se ﬁy%eéﬁr{?%heoa@%cﬁrﬁgl power

real vessel reacts to the real action o
it maydaeuthad the ele):trtcehmweeslystenb(dgrmndlaetheommml of $he pawer

manggdnefiEstBR12L s b5 Thicle 4 S8l o Patftits passioly
mvolWhPane( S”2thof b RAdISHedSirRy, $oe(d3ﬂfbpplng1 @tldg.%gﬁaﬁamobéhmg of tie-

then output control signals ( e thrusters
breakersaged staring oheaginest(162 gke3, I..) andigther auxiliaryanachinery such as

pumgi &nf SahicRes S0re N els ik e ONE beBR B (2 d80. ol fgPhafe been
inactiles ivfied sabla bitscpuivnte b evenishtidpowéesystérh)(1) Wilkbé lable to deliver
the thruster will alnost imediately provide the

the raguirecaleskioal peywerts tf@rfbﬂ@t%r(opmreﬁy eyen §naginesitwations in
whick#e t8mdh@elidfidreb 8n iHIGsteP PURerls lath&! GhibH, Hidliower

consumption may be near a limit of which another generator would be required to
start up.) If the required change in electrical power to the thruster (31) is large and
rapid, there may be a significant delay before the power system (1) and the power
management system (2) may not be capable of providing the required power. This
may have a critical effect on the performance of the DP system operation. The
operator will usually receive warnings and alarms in order to make intervention and

plan the operation of the vessel.
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driven, a change in shaft speed or shaft power for the
thruster (31) will involve a change in the electrical
w@omsn2vensunmed by the el ectrical thruster notRPCT/NB2005/000122
If this change in electrical power leads to a large
increase in the consuned el ectrical power it may be

t el ectrical power system (1) under the control
Thrug@dﬁﬁlagomer managenent system (2) nust go through a

sefjvessal (0f poperet with eleutdcal kuh(ytor (M)I driveg thnssters (30) B

h d | oad t d/
consilasiln tRrUSHarLag i apecioliRd &f hrdhalar ohit Synagee vessels i
whlcggﬁ”e propelRits RldtRtePYN ol drarty og@ﬁhh B]UMNSIHTULRE. 'FWéZTHﬁectlon of

onpressors necessary tO rrve generators
the th@&ter vslhlo:rhatm thlaey dlredﬁm ofrthetthxust provided bydine ‘ehruster may for

somé GH4gIATs & refaiSH abiont A AR SlarfilisR Rlenthrisie’s e called

azimUhfﬂﬁh@tbrs(Oﬂe may even imagi ne situations in which
t he demanded i ncrease in thruster gower is rather

srirstly, adbrustatdd 1t with dbepd idiectieny wilkbe siscussed nA\ thraster (31)

Y3 o A NS e S ey A GHed 8 Al ) ans

the thiustahie(31()3 Yheitardstugi (aﬂ)iccsmpn@bs meqsrapawr t’ﬂéd@s and the
significant delay before power system and the

propglsfesh e\ﬂh?féb@ﬁhrrws¥%" whigh I(SZI)le ﬁapt qfdhe Paustas Ibafdor@fndes a thrust
forc{??é@?%%rtvﬁ%ﬁ iy} fbrro d) 80 it rq;{;g't'eép Iﬂ%‘é?uﬁéfﬂ)twﬂ%‘lvea

on 't nce tem op
thrusTlfﬁceﬂbaMependsl dn timtshdft/spemf iThe ﬂvalstem@ﬁveiﬁ@nphﬁéme motor

n order nt e tion and plan the operation
(32) ttc{we%é&%ero ?u&@{ adithe #5058 eflegityniss Aee cgntrol

soft\néé'or%.';'ll' ‘ﬁ'gﬁ tis ?Ht%:(@‘fs)tocgrtﬁ%ﬁ ugfér‘(/ﬁf‘ FSJ(;% | gltt?e{(fhn d@éo%lrédsshaft speed,

but ipsope ¢asesuhimayfher tMmhaﬁ@pmrs é]he électvdnichand ¢he control
ofte

softira et thet ErriSteR s Fer' oy il in EontFelthe et atard(32) o the
thrus%l’r @ld PRt (3H ﬁllthrtﬁé'%b Q¥ I %@h@mﬁgﬂﬂetdb"s‘l’r%ﬂ%'haftr%éed To

for sonme thrusters be rotated about a naln Yy verti cal
achieng the dasitedivalugs @r§haft§peadlfeﬂt®zthmﬁtar 3, Ltheéhsuster motor

(32) mllgSt | ﬁgoan % cﬁ.faﬁgteééc%l %abpo&;% S ye é%{pjég egesctrlcal power system

1 trmrmbbﬁﬂramd tHeUpoyst ®ahagdiment bystehe)dri ve not or
) 32) and the%hrugctwumt g Thye thr(uzs),t unit (31)

cdmihe descriptionlyspenice of B’I%ﬂ‘éés’fshéﬁ‘t)h@ @rla ponneetiemwith
simufaﬁ%{ H%s@nrl'ﬂ%t e?dvatnﬁect{hs 3 deliCriB8the Hrubfd (%\ﬂ %% ombination of

vi des a force on thé wa

two qubepelenes: THeafirst sWhsistem idtte thhustet drive the(t?aéblvwmthe desired
give a thrust faorce thathf%j%@?nds on the shaft spee

shaftﬁggqqﬁqjgﬁgppgt signalg gpgt liogatrebihgrelectric motor (32) of the
drive so that the measured shaft speed converges to the desired speed after a

certain settling time if sufficient power is supplied from the power system. The
second subsystem is the thrust unit (31) that will give a thrust force as a function of
the shaft speed.

The ideal situation for the design and tuning of the DP control system (5) is
that the thruster drive system (31) will drive the shaft speed to the desired value
immediately, that is, with zero settling time, as this will make the design of the DP

control system (5) simpler. However, in practical applications the thruster drive

10
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(32) that drives the propeller shaft and the
associ ated el ectronics and control software. The i nput
W@ @Ha19(61) to the thruster will typically beP€§02005/000122

desjired shaft speed, but in sone cases it mag/ be the
systesn481) Wil\iged saibe seitling timedte make theeshafhsperd sonvargedo the

. ' i I
cosih ol HFHED USSR PIe Rt g BRIl e o
contral systeime(5)binguartiodan tha R eontny sybtenesay seed fefdback signals

eed. To i,eye ghl}e desi.red val &;355 for shaft speed
(78) e 36nsofH g ing Syster Ve MRSt bi2)mystsm thatmepsure shatt
specl BN oafu BRI o SR P OB Sor S ) i
feedtp(fﬁke&igmdﬁaif@%h’iﬁom tﬁgslower(rﬁ%nlagemelmtesm r(bpfronmsensors that
t t €. Q. .in_connection

measifE R SFaif o L nopt RieRobmehs sydiata o pablidbe Sottace
frequ%ﬂ@y bhdusgiesl £tafe ofthe owdiFdlysaim ). §litd wcﬁfh&ﬂtwbi%gzﬁ 'Sgnals (22),

e first subsystemis the thruster drive tha
the Dff oenirelisystes i(Plemay ledjust e dasired shaft speed signgis(62) dnat are

st AR a2 VR b 4 S

and stebiat ti seteirg tihe of tie Beudtar ariseld iaked iffordedolint in the DP
sufficient power is supplied fromthe power system

contrehgystndhy Whehdheieane r@pid variationstin gestred shaftispgedwi | |
i . .3 f i . _

15, S b BRSO 8 e G e 395 o2

the DDPS):Btemc glildfegdl?ng(é_ignélf éZIl)aﬂrr]oT[thetﬁWf:rﬂartléhUérgént_ sysaem (2) to
stem wi Ll dri e shaft speed to the desire

the D0/l SHEIRTAL2) 5 Uselvl @51 Bdicaiockabaies DYk b ae Sotantial of
o rbdder BB ol o g s
electri¢al pownar ahdi thast $orem 43d jt may ever éxhdstonipad dtipping @ndi even

bl kto make the shaft speed converge to the desired val ue,
ackQlfsiii SRYS C@SiScessary to account for this in the

dezcgls@bof tHee &Enﬁﬂrﬁrbﬁlerﬁé’ﬂ{ag%e(y'sﬁ(?guhrfro?ﬁrtﬁé Fgé%[?gsm

the DP control system may need feedback signa
betweenthesBRsysternsthe pawerreanagersest aod theethroster d(ige )t is important

to ru §EEReRE oo e debee 2SRRI sekiRhadiinest and
thrusfee enlivas KMaraiRlr ssuchiesiin @ Bhbtilg HOUETe [FPA AFETPARgeS ¥BbShating

(5) fromsensors that neasure the state of the power
condifighg

ieiasms ofyepesational mudas;, weedhern sikations,apa-states and failure

mosds,PUBI K Aol 61 910508 VRIS e s o
in a sySermatic mahnest witheutdarlestdd shadificatiredf sifgnabandRardware.

that are sent to the thruster drive notors (32) so
that the power system (1) is not overloaded, and so

AlterrHiﬁ'/E F;TB@UEWMH”%HLA’I@SM the thruster drive is taken

I'nto account |
In one alternative thrust configuration an azimuth thruster (32) is used. Then

the thruster drive system will include an azimuth motor (36) that rotates the thruster
direction by an azimuth angle about the vertical axis, and the associated electronics
and control system. The direction of the thrust force will then depend on the azimuth
angle of the tunnel direction. In this case the input signals (62) to the azimuth thruster
will comprise the desired shaft speed and the desired azimuth angle. The thruster
drive will then control the shaft speed to the desired shaft speed after a first settling
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control system (5) when there are rapid variations in
desired shaft speed. The existence of feedback signals
WQ7®}/1219msnthe thruster drive system (32) to tP€r/BB2005/000122
em and feedback signals (22) fromthe power

time n%ﬂfbﬁéﬂ’éﬁ?nfwlsthéﬁhw}erta;lmuw mPtER #%fordhe dinectian of the
propaﬁﬁféﬂ&cﬁbbﬂgf a\yeﬁ‘ﬁcﬁké‘?(Yﬁetob@#B n)%/étea tllié] aeg %ﬁe Q%ﬁa—@lth Uhgle

I'ng un oreséen s probl ens

afterlaegebdnal settliegitineel oscillations in electrical power and
tnrust forc even |l ead to load trip

B &3R5PN9 é@{nﬁh\fesh]rﬂﬁsc&rﬂ@glér atigadbe papelles enay BE [Revariable-
pitchfﬁ?BE@ﬂéﬁhaPﬁ%%b&ﬁﬁblé{bﬁgh IJS%F ke ?ﬁo?@llépﬁlades In this type of

nteraction between system
propeliardhe ientst forde whlédepemd;berthel shaft speed sandrtherpltahtangte of the

prop Bt 4 G0 eS8 il sl Erivesyeteen e Mo fat aciusts

the pﬁt@ﬁtdn@%ss@ﬂﬁbcbr%el@r!ﬁade’é TheliHBufl sﬂgo@ls% tl‘i’é’ﬁﬂ@&fe‘?@lnve system

condifions in terns of operatlona
are teen the desisgd shaft gpaecésndrﬂme tlesired pitchpangle dfrtbe @mopejtey blades.

The bEoP b ST PLSE iy Y s SRR Bl AR G e

first $BinGitivad, A1 ®iwilb 8dhtY6ltRe piteh BAGB&SsTahe PréiRRblads to the
propul si on confi guratl ons In one alternative thrust

desw@dmcame%ﬁ the M@Pﬂiﬁﬂbl@fﬂﬁﬁhéﬁ@ra seo9nd seiflingitimghen

& R Brayt SR Tllatinp 161 W Raf¥ SEHigle
mectaiicallyhdrivegl @ro@btberts thhleea/c&f hiec@vivemxbys a d?élﬂaltdngme p033|bly with
assqQci ated, el ectronics and control system

a hygraplic PPWRT FANERESSI®H, pd Qe Qf more ﬁ@@trﬁ‘é”é&fﬂstﬂﬁs dr¥en by
electﬁéélqﬂbfbré‘rmltﬁlsotfaste?gggtffpu@?ér dHveaSss 'té}ﬂ -of ik (/?és%l?r\ﬁl?rnclude the

ut si he azi t hrus
diesal @mginescofithe mlechardchllyrdrivengpepellas @ndrtbedbmste&cdrlves of the

electi Trbros B dniStan in geyetadn of g vesssl il BAve RS ghput signals
the desréd sﬁﬁﬁts'tpbeaé lofthe ?%jbe!l%rswtoﬁé deSipdd Bh?ﬁ Qﬁ%lég ro‘f'ggﬁf%l? pitch

azl mut or so as rection
propeli&g's,eamd)m desired/azimutiabngles oftie iawnmthdbtus(uensnTheéhruster

crve SR 5 PSSR Ol e ings fad Faspol gl b Truskd arve
systePh %’@bhﬁ?él tﬁé)éhléﬁ @e\é@élt@hﬁ@&ééuf&d %IQ@@ wnWthbfa%IsoB@%ed settling
vari ab pi t ngl es for er ades.

times, ihe Ptt9|D@nteS|ciDdb© Idesired Nelueﬁrvuth Pheoawomted Séﬁhf@ﬂrn@ﬁ, and

the e bdies REFE dekdetiVRuies filln B9 afp ntelilif tmet

includes a notor that adjusts the pitch angles of the
propel l er bl ades. The input si %nal s to the thruster
The @etion of pevessehard thessimukationeef thisgmstiaht speed and t he

degie R0tibh bF B IAELF(0DTs H8&rREARA L Ms BF #il&%locity of the ship in

surge sway and yaw, by the position of the center of mass, and by angles in roll,
pitch and yaw, see Fig. VI. A vessel will be exposed to forces and moments that
influences the motion of the vessel. These forces and moments are due to excitation
from wind, current and waves, from the use of actuators (3) like propellers (34),
thrusters (31) and rudders, from hydrostatic forces that correspond to spring force
action due to angles in roll and pitch and position in heave, and from hydrodynamic

forces that are related to the velocity and acceleration of the vessel (0). Forces and
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The thruster drive will then control the shaft speed
to the desired shaft speed after a first settling
wao eows/12@ansl it will control the pitch angl es of P€T1N02005/000122
propeller blades to the desired pitch angles of the
monmanip $at @ct pn govessel {Qrdepesdaintneswasse] metionnwhergassthe motion
h t
of th Y’ S e hE 3o B Eotico oMb BY R foBPed At Fadpehigcfat act on

the wIisselliFioy arvasgebodsifip ¢he gegmeey afdise hollytheimassand the mass

ydraul i c wer transms n one or nor
dlstrusnugeﬂrwﬂ&aﬁ’finﬁmnsﬂ@agd@lpn HWE%PE@@ hiydp mrmcsparﬁmeters of

the sfrﬂ% Mgﬁégﬂmﬁi Hgt? fh%rmef.be{e ﬁH&é%bPL g!HI Cthﬁgﬁgbm%land

engi nes o the nec riven
mon’mm@mdtacsoarthe ship ¢dir bs calcuthted ésasimulatore Faraaxaingzle by use of

an algbrimatae 26osRAtoTLR g angUIEE BSoRIeiey s vessadney ien be
calcﬁlEfécﬁFr&ﬁeché%rq‘élanBH@ oﬁﬁﬁiﬂbﬁ%ﬂh*e%s@@ﬂ'\Aﬂﬁclﬁ’%ré/ﬁfdrﬁpﬁ@m

propellers, and desired azinuth angles of
Newtdrés and ELer's laves Serch. eqﬂaélonh ofigrationdare\dessyibediin tefixtbooks. In

vess use the d notors of the
the qAUERE B oD o dolaitpd nelfirBBToARReBiar 1 specds. to
- Thé Desslashagyl values with the associated settling tinmes,
the pitch angles to the desired values with the
-theawaimm@fetbemrmr@fgnassms and the azinuth angles to

t he e he associ ated settling tines.
'theTQPéS'% o ocfe%&véfsb\éﬂﬁwgﬁ%r the sinmulation of this
-thermbmémsTbﬂn@ﬁta @ﬂth@fve’sséﬁsse| (0) is described in

terms of the velocity of the ship in surge sway and

- theyhuill gegmeths l|@6lslpltr1golﬁfneﬂ1 bramand drafbt mass, and by

_ tch and yaw, see Fig. VI. A vessel

hy%%ﬁ#ﬁ%gl%{%&de@agg forces and nonents that influences

- hydrodymanicopotehtialtdarmpingel . These forces and nonents are
due to excitation fromw nd, current and waves, from

- Visepys daBPBYY act uat ors (3) | ke propel l ers (34),
- par:a}lﬁng%{asefe?atéa% ré&@rlﬁg%ﬂ%fﬁ ant' MK 68 47 hall Hgé%i;notton in

correspond to spring force action due to angles
heave) pitchlandmdllpi t ch and position in heave, and from

hydr.odynanic forces.that,are rel at
- pafea Eara herapite. RaGe i e dione i fhbenents t
the Je@a&mg%rc%@ ghaV@oninté 6h tHepend on the vessel m)tl on,
whereas the notion of the vessel can be seen as

- Moceonssptiherequationsiaf mefiareinclude maiemadicehgtodgts fop racttraéor forces

vor 288”544 HERTE b BPRIS Y AREETT PRl o o

a fuﬁ’é’%ntéfQﬁe ¢§(§déf’9dr%e ahdtthe veystsiepradand fercestioen throsters as a
the ship will be known. \Wen the notion of the vessel

funCIlgn@lfﬂ"@wfhftlﬂ@hst)@@‘ﬂ:égdﬂféch%ents that act on the ship
can be calculated in a sinulator, for exanple by use
of an algorithm The accel eration and angul ar
The dsltrling procstiuvé cahdevesstblo caomgputeehe meotion of a vessel (0, 0') over a

time interval from TO to TN:

Suppose that the motion of the vessel is given at the initial time instant TO, and the
forces and moments are calculated at this time instant. The acceleration and angular
accelerations of the vessel at time TO can then be computed from the equations of
motion for the vessel (0, 0'). Then numerical integration algorithms can be used to
calculate the motion of the vessel at time T1=TO0+h, where h is the time step of the
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cal cul ated fromthe equations of notion for the
vessel, which are found from Newton's and Euler's
wd)zmsnzﬁu&h equati ons of noti on are descri bed P(rtr/N02005/000122

. Xt b oks thee ions of npotion the fol
Integ PR A b%&ﬁé&ve {ree sigp m&tymcalwebqawsthﬁrange01—1

n thBEmBHM %t éﬁ.%%h%@@@@ eth@%ptceg aHd

uoyancy, - e rmrren Oo); inertia o
momernts dtdinhe @'émwtbeypomputem |ang the Iagcelerdmmnandt dngulaf acceleration
added ,nmass, otent

at T1 s RO i S taRR b mptioh Al Skt RERpafintegration the

motidnestttRe Ivegsélcutqme ¢QQTWH‘?§‘&§mBUtéd‘ erhtwbtoc@uaré earttﬁb'reaeated
in heave, pitch and rol ﬁgraneters relating t

at eaghrfime inatant TKsd@ehel Lmﬁlbltlmler i$ machedwave conponents

raredfleE ik kil BB SR8 ARREBRET B, R Al heoimdqrmpnents

wher@@ﬁ@'vﬁaﬁ@éompbﬂ@ﬁﬂé o sihgssidalrenyeresied Weive Wih a given
function of the propeller speed and pitch, forces from

frequenely @nap! &gdeaﬂd i ﬂnolforta]slvendaeathh@t seaathe prewalent

distitfifrior Sifitde 3 iRy of 1 WAL oRidorhe Wi DE LR by
knowp m@w@tmmmemmsvme onpliTe slpbetraptvhéfe m‘e lﬁtenSIty of the
vessel (0, 01) over a tine interval fromT

WaVGQP&ﬁHEE‘ istharametenzad 1gfenns Pﬁﬂ‘%f@@'@PaF%WQVQ/Bﬁ'Qé‘t Thieresulting
force$ Bk pmeniEPacthel & ihelvyssBl il 06 o Aheq SheTfpibde,

frequancy and directiart obtherwaves) andfoftthe vekeity lanat cdurse of" taecmssel
t hen, be co ted uat i ons, of ti,on for
ForoqsAtL Morge e iom i Wi HE ONERBY Wik RRath WIal gipPigyessel
velocﬁ?"&neQhé’%?%ebféd%ﬁ%f@ﬁ@ sh eab”&%' tAB seh éJP‘%c\éee?ssﬁ kurfition of the
tinme T 1=TO+h, where he tinme step of
vessellpourgeciplativieoto the ydnd dinecticiorF aices apdimoments fremstusgent will be

aiveryfiy i eiBiciisebsdsquferigTreTofring migiopter ateaifisnu] under the

sea suffcé C4rie By sl veRsB ReRcity ahtdBdufsd rélatived® et direction.
and t he accel eration and angul ar acceleration at T 1

are found fromthe equations of notion. Again, using

DynaflGARBhgEr 2 o e motion of the vessel at time
In dynamic positioning, so-called DP, the vessel (0) is controlled in three

degrees of freedom (DOF). The desired position in x and y and in course are given
as inputs from an operator using keyboard, roller ball, mouse or joy-stick on an input
command device or control panel (50). A control system (5) is used to compute the
required actuator forces in the surge and sway directions, and the actuator moment
about the yaw axis so that the vessel achieves the desired position and course. The
control system (5) also includes actuator allocation, which involves the computation
of propeller forces, rudder forces and thruster forces corresponding to the
commanded actuator forces and moments. The control system (5) is implemented
through the running of an algorithm on a computer on board the vessel (0). This
control system algorithm compares the desired position and course with the
measured position and course, and of basis of this the algorithm computes the

required actuator forces and moments using control theory and found in textbooks. In
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at each tine instant TK=TO+h*K until time TN is

reached. The waves that act on a vessel are descri bed
W@2008/1319m3 of vvave corrponents wher e one wave commNemosmomzz

is a sj nu%or dal crested wave

additipp & algey! hrawrlw%ﬁr n Zacafigneodyie Wﬁere 2l O@rer)shforces rudder
forceéaﬁg?:ﬂérﬁgte?tfo%@? Ar%oR] é’r# eﬂi] e Positibh QHH'h%%dﬂ{g are meagured by

requen e wave conponen
DGP §sersorsygyoocompasses, dpekromohsﬂmseﬁmrmmwbrere fra@sponders

are apBfnd o 66 ROF dr e Of r4das s AQSRiaR Fipech aepaers, and

taut-mﬁré% Wﬁéﬁé' the clfn@tie A f aduRIre w&édwwe@se%nﬂdchﬁs YeSaRired.
be a function of the anplitude, frequency and

d| rectr on of the waves, and of the velocity and course
Jovst I( vessel For ces and monments fromwind will be
oysré: \%ﬁ%@/ wi nd speed, wind direction, vessel velocity

agdch Besterfy et sighilar RADPfsyisbems hanu ehery erideaideaavithin DP
surface as a function of the vessel course relative to

systemse e¥pert tlaratrtbérer isrno pesitier f%ﬁﬂ!r’a%n‘éh@ operaiat willk mapually

positigh the sl BG LoimbAGRGY (o8 tnAREARectiH LAQ dliifiBE fith the

projec ar ea O e sea
joystickBunh dystens ssiglonvibrustetsy paner spsteereandelpaWev enarcagdmeent

current direction. 9/ C osi ti oni ng P(/
systewsrmerxaﬁhh the SHNE AY3VeRs 5& AT SYSEEIS. (Scsamr rpysﬂc systems may
also 'ﬁ@QP% %ar cﬁﬂgﬂr%‘p%ﬁdrﬁﬁ c‘?a‘ﬁ%?ﬁﬁrc%% HRE CBM{dAShtion f&¥8wind or

and In course are given as
currentfprdes. f rom an operator u3| ng keyboard, roller ball,
nouse or joy-stick on an input conmand device or
control panel (50). A control system (5) is used to

Shortcf\%;’ﬁ?é’ Spfidiy required actuator forces in the surge and
ectlons and the actuator nonent about the yaw

aRrrer ad is Hastraled ineslock disgraveshawreindeigi +with poeontralsystem

receidlg s coRTv Ak i & RarERSo e M chibrbdfig ERe and,

measBféABhisSForh Qoc@flled pHtiiRin fefsrense 2BAsOMR! Thtajontrol §mem which
correspondi ng to the conmanded actuator forces and

may beaslynemiq pesieningalysts/a: sendssyontel sighréieneleatrical moiprs for

r ' t
actuali yUff iffCes o BBl SR 0E RrrsRsh i APERIE bl
behadeari s@tkaoidsy saidrsengdrcand sgusing ithé benmasytstad t@msacttlfunher
and course, and of basis, of this the algorith

The a@@rﬁrgrSe%retmevrd@aurlrmalegtrma%@rgvcfm@ RONICTgPRSIALor With 2
powel ShHRETTERORS, THP G R Rl gbd M P ralid by pener

managbmemtrsyslaehler forces, rudder forces and thruster
forces are ¢ n
i he vt tigp 1 ipks rég%r%laqgep Ee@%&%ib@e\?dfheg drawings are
meant Y&V ifuRRANG the iSRIRN, and Tsﬁgﬁ nBhBE @ohERISP B iRftthe scope of

the invention, which shall be limited by the attached claims only.

Power Management Systems (PMS) in combination with Dynamic Positioning
Systems (DP)

The most problematic phenomenon for a PMS and power system is the
occurrence of large and rapidly varying power fluctuations in the electrical power

system. In particular, large and sudden power increases are potentially problematic,
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are arranged on the sea floor, |aser- or radar-based
position reference sensors, and taut-wires where the

w0 pbitzats on of a taut wire fixed on the sea-fPODNOR®S/000122
measured. Joystick system Such systens are simlar to

and maydoad &rﬁowght:nnmgaﬁr blaskrutsl SWemsuddem and tasge increases in
pow@?@eﬁ‘ﬂ%n& I&thqtehc?a{ﬁebsq)ﬁé) é'a%'dgsrl{c{] ﬂqﬁg'geéﬁeg?%’\e power of an

operator w manual Itl o) e ve

electrioaithngsteg whittotrady dsdvuwlsm laiige eetviesroravidd gasty l!irhutﬁ D\Ptdperatlon
Such systens on thrusters,

or a3 SohAR RIS A0 AUFeRBRE! BUigt [Gaddederingranidoss of
posntﬁﬂﬁ@r H\@é/dllﬁﬁ fﬁ%é%?ﬁéé' Syt %Hﬁ%rnﬁgff@n bf’é{ ?Mu%hsrsl%f %t\?égéel that is

I so e auto tlc hea control func
runnmgwmmﬁé’&mstﬂm fwdll depend on the detaitedf chrarasteriStics and

perfaraticR: i SR SY 1R ThE Teais dhatdhe Perogyanennt a PMS system
on aVBS&:MiieledRital RTSRSI AN TP WA Gé’éérﬁmsé’l‘i’éﬁt?l?gg'tﬂgtﬁP system.

command devi ce and neasurenents from so
pd5 btackidiagraer isrhwveinsligere Toka OFhsysiémsindtseoperatives state on a

vess YR TR IR B B o o conto

signdlote Gfe BRIStensystehd. rrh@&hﬁjsm@ﬂ systf98 pbReved bl Ihé electrical power
dynam c vessel behavi our sensed by said sensors and

systerauwhied inflermnds wontiplied by dhe marinezaytomationand RMS system. The

DP C%F'E\,é%ge %rélrarrg?%i’r%g \f%%u%ja g%@ﬁéﬁ@mg&ghwﬁ%sgxm%&{ﬂa? the DP
contMWtegﬁmv@d@nstats(boﬁwll signaks withtiieobbjedtiy oRawsiviag potentially
managenent, syste elnventlonls ilTustrated in the

prob@m%t%warﬂpgg thanm% legd torbigckwaut 9 the alegisicat pewer system.
This jo gty Fofdtfed {¢fas BIABRbY (e @hiore ilcioRRlty RE e DPiSyké.

Becdusmthednduyne betoatatmmrmdi EM&B systemisyare Rowgslichtethgystems with

mang iAo APh T RBYTIET gﬁlt@e%sﬁg]ﬂémﬁerﬁehﬁ%t%mm

the ) r?alyze and
rapi dl'y varyi'ng power fluctuations |nt ectrica

it magdheref&mause unforeseen strkility drablgensaihat maydead powadesired
reases ar gotent aII robI enmat | 3) and lZ\an lead to
eve”b% U'E'??‘ﬁﬁﬁt?e@ &P"“&ré{éﬁa Ss°Ir Pl HlaRqoUnd 1 ar ge
i ncreases in power demand can be caused by a | arge and
sudden increase of the power of an electrical
Testingraf NS forwessel with DRcur in | arge waves or w nd gusts

UWE"MQP yé’t@‘ﬁ{ %té g&hplex system, and the successful operation of the PMS
system is critical for the operation of a vessel with electrically driven thrusters and

propellers. This clearly introduces the need for extensive testing of the function a
PMS system. With presently available test systems the PMS system may be tested
at the facilities of the manufacturer of the PMS system in a FAT test (Factory
Acceptance Test), and it may be tested on-board the vessel in sea-trials after it has
been installed. However, the performance of a PMS system will depend closely on
the characteristics of the particular power system that it controls. In particular the
electrical power requirements of the propellers and thrusters as controlled by the DP
system will be a significant part of the total electrical power. Because of this a PMS

system should be tested in combination with the DP system to see if the PMS
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or as a consequence of sone conponent failure that

lead to tenporary | oss of position or heading. The
we@b@stiziocal power consunption of a thruster i nPEI/NO3®SI000122

that is running under a DP systemw || depend on the
systerps avill &unciiearpioperly whieasupply ing:Hieoraauired pewarke timpDP system.

MoreRyRyefch 5o g BB fifhets 8 vABP L% RF Sadiarbosiotans, tat s

with diffdrentegeenstatés, @ifidnendourrdists Pliffeysitansdr She aktuditedfaiiies, and
is shown in Figure | of a DP systemin its operative

diffesah OPeFHORCYBESel with el ectrical |y powered thrusters.

T

IPEF S U 1 BN ok o 9983yl o T e
at thelfacilitiescafl theonenufagirenof theiRMSi system will aotbeisuﬁldiem In

addilig it OGRS L9 st BMSE SHSPIN LS ARG PR bepe nstalled
on-bdA&S & \fé%sbhqjiowafér% HARE @ erﬁﬂég%’aﬁ@% 84{ Ythe! PMS and DP

control signals wth the objective of avoi ding
systgrotieconditions ;blnattarertaﬂqeoemectmt itomeuld et neeessheatb wait for or to
bl ack- out of. the ectrical wer s
seeku\%%q%@{, cpg$ bpp@&nﬁéegsstg egghg repq%gﬁﬁo[” (gw-{rarely occur, or to wait
for of ¥pFdveRralsitiitibrs e cENdES evectEs FaisTin BRoFPOECRTed, but that
automati on and PMS systens are conplicated systens
wouldi hehdamgarous df ssieh situations eacursed accidentadly e byprovaegation. It will

vrch)f,B55EREFL AL BB SAANTE B0 HRVALEE BEGroB o oy, e

damé@ﬁg}eﬁ'@m@dr né\"éibr*s hiaretler ® eraskdf thef eurgrst ePstem ?Nes control
stability prolerrst at may lead to undeS|red even

signalp ifer eprRG Sompansaensf th%?ifat iBieh kpd of frsfgwill normally not be
conc*&'c?{d( out. Testing of PMS for vessel with DP. A PM5
systemis a conplex system and the successf ul
oper ati on of the PMS systemis critical for the

vessel with trically driven
Prloqlgrgué{qugl r%%fqléb’§te"ﬂ'ﬂ|%%%f’ft@§rl yyl ntroduces the
n f
e

inputsytetthenDR gobizol systard ane sehsorfs:gmalstfloaﬂs posltrbhereference sensors

and GEY 5BARwIe. Teedlopok 4R iR PEAneas aUtashe el PALS Systems.

and ¥pBs BbmnarfkRAfrdrhl iAp et nhdantldhresbeag duwtglfﬂoﬁw the DP system
However, the erfor mance of a PM5 systemw || depend

are Qﬂﬂb’@éswnals e@eiuatorse which mIL@I‘eStmepp%ersuamdl /aar tbmséers

YRS e Iufratelh i o' O R blro st (7 e BB AL

dyna@ﬁiﬁélhpéd:&ﬁdb\\g tolthe AR/eWiBh M Cldskl 166p Withi QQMUIQ@E‘U (@r This type
of the total electrical power. Because of this a

of tegliscatied hardwangeintthetleep fasting erﬂlntﬁSt'Og) v hensitmdatpp(100)
a3 S S o 88 bl e Ao B
system (1') with simulated core power management system (3') functionality, a
simulated vessel module (0"), and a simulated sensor and position reference module
(8") . The simulated actuator module (3') produces simulated forces and moments
that act on the simulated vessel (0') and a simulated motion of the vessel ('0") is then
calculated in real-time. In ordinary HIL testing of the prior art, the inputs to the DP
control system are simulated sensor signals from the simulator (100) and possibly

simulated input commands (51') from a simulated input command device (50') which
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Mor eover, such testing should address a w de range of

operating conditions, that is, with different
wGaemsarmies, different currents, different senBOT/Na2@s5/000122

actuator fail ures, and different operator errors. This

may constitete a part of the wsltlat@g ($00)a The® Wy enmmands of e BPecontrol

systefLl)ehs e sERele.Bope Tk Bl b BB ase8 estpatersdin 240 n

the siniulatdd] Ini sxdiridry HIL nestirRstheoutpuitsemitrol bi@nalﬁ(&ml) eftHa'DP
sea-trials after it has been installed on-board the

controbsysiem que\sf epnneesteddr dhe ackiatorsd By of el vesseh anddhedmput
signdid'6f tﬁ%?%ﬂ@) gﬁé@f% Hofé’&qétftoﬁ’ﬁ?eélfws tﬁ)rnerg?%eﬁS% sgpsors

expected necessary
and dthexwmfrsow(ﬁl)tl ons and sea st at es that are expected,
rovo

| t t f
Theaes t Hi fSting e vuinchipute Ll bo Guleaissa to spst the DP
s,yste?r?ﬁHHééreé1| widdlFardebf ¥eeratng oA 'ﬂ%é Hhd forfisea, states and

situations occurred acci denta y or y provocati on.
weathél dordiitiatisy abd fonasvide rangensf faiukepsituations byxgedtimg tup ethe

relevy S aiatipRdf e, Sulor: B st B B3 Fer Taght Bpossivte to
deveEJ'deé%aﬂ‘éH‘éﬁ@bcéﬂt@a‘fé‘kﬂ?néﬁic SIRfUIABFs 6OIMBRRSBEI :%tueﬁ i F€sponse
error. Such kind of tests will normally not

to the:aeluatarsignats. and of the sansoegignalsgnmespetae ol th@y@tseﬁh motion. In

contrBbLipfiRl, hdi sl ia e BRE adty Pl eimEl RS0} e AalBsvstem (1)

and S?tmmdt@ﬂs @)3he fPMS%ystéﬁﬁ Qécéu@ﬂﬂe%efsfy@tﬁrﬁ@&ré V@rﬁ}' complex and
erence sensors and_ot her sensors, ?na s

dlﬁlcmlt tsvnmpﬁl@l inegUTficienidefait anshmay dneinge @ylatgmﬁumbﬁao siyitehing
elem%ﬁ@@ﬁpalsﬁ Hm&&%%utﬁpwgfjm%%'|F<§iﬁ‘lcu-ltlt8 sﬂ‘HP V% fhd PRIB system

em are co nal's he ac ors,
accutdtelyhvlitrmtaﬂ@bm wetinedd am@tetmdologyt Thisrmebas shatlin this type of HIL

gure it is illustrated how a DP contr gl
testingsflay et BUOW 408 8 8VEPIAHGAIY GOTHREAIRASHG testneat the nctionality

and Q%/Hé)z OPEB dfrt‘hé 8%?' g%%ﬁta%& theaPMSTy%étéﬁL o( 100). This

test rdware-in p testing
( i brdiestyi h‘hlgl;)testﬁh@, therimpuis do tHelDP) canidl systenaare simulated

sens U tiatn A siuatah and Rtk simPald SRS tam 2 dgutated

powe? &nd ARy stRagRdBihuBkd if { Sdrhnidnaietfftiahé Simuldtor. The
si mul at ed vessel nodul e (01) , and a sinul ated sensor

outpuia of s PPi eontrad Systent sraeeniral sigmls thatiase sentitossiewlated

actudfglsdfie B, oy SHE SPahurs BB srir e ditaptrl
systedh B8 AbEsh ifdictemtcofhet duatess 6f theMekbsel, antltR8 inputs of the DP
calculated in real-tinme. In_ordinary HL testi ng of

controhgysiemaio gk come &rom fral postiopHeferpnce sensors and sensors.

Description of the invention
First embodiment of the invention.

The first embodiment of the invention is illustrated in Fig. Il related to a new
HIL testing arrangement for the testing of a system comprising of the following
interconnected modules: A DP system, a thruster drive system, an electrical power
system, and a power management system.

In its operative state these modules are arranged as follows:
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control systemare sinulated sensor signals fromthe
si mulator (100) and possibly simulated input commands

w@ 3sh21om a si nul ated i nput command devi ce (BOI/NO2005/000122
whi chmay constitute a part of the sinulator (100

i euBEEERal Gthe R BphioheGm 46 L o Signals (6, 62)
to th&é (t)rWuE rd?h%%&t%r&%%%e@h?ﬁe %I%FE\?%NE%& ?gé%t ﬁ&t?_'rh

actuators he 'Sinu I'n" 0
consuaws glgctribal endrgyisuppligd fronsthgrelestrictl pdider $yfstérig 1 Dﬂ’g 1e),

which R poralley Mecpaweranagamest Sripe @9 The torsies W Mgimotor
|
(32) SystbRTAGRS (’}ﬂ ﬁﬂfé? uﬁftgg@p‘%l(ﬁl é?é’% rorg% ?Fsﬁﬂﬁl‘?deswed

sensors an er sensor testing
commbaodead lshafflsgaeés | pitohi angles aqdlaz&nurﬂ;laingles ariceintrespengPto this

the tiiat FtTE il 58k 08 pedP SR inRR ahat, Bk 9RtneT it disfurbance
forced IedRintiaitaewaied, dirvdrtRe Siebs@ltih ORStdNS STRVRIERSukg:, tslU\F‘a and
rel evant situation in the sinulator. This is feasib

yaw dueemoge irnportaiedtin tewmes of dyrampisseasitioning otitheevassel. The motion of

the VR AUR FlsF e BR YRl Bro kb o SO RGBT Bars

from 388 pokitidh geRIrendeNse RIS 296 iriputs RetheeDPadontidl kpstend (5), that in
contrast to this it is not easy to devel op accurate

turn ealguletasothe amopweﬂbm@tewwmalsx%%) t@aﬁwﬂbmkg the vessel
achlé\?elé dbBfed %/E%&?&l ?ﬁf}tpa Cif 'St @&SWS are very

npl'éx” an torme’l I Cient detail,

arTIChmﬁr;st lmimaﬂbadlnmm&)fnhmenobn wﬁprlsesgheff@llmwng steps:
wi_th di sconti nuous out%ts t hat make it giffi cult to

si e shalt spredavpite) anglasand pamdt anoias taaharesstap by the
thru%ﬂ?@smﬁf& (BQ):E)Q Jeﬁ“gé(rerﬁ é§u hth E&ﬂhér@na‘ilg agﬁfé%l@ thruster

testi'ng’ may not r a systemat
sensom (83 peondding th rsté mdyivef snghalsf(ﬁiﬁ}:tl onality and

OB ove sered S GHR (7B LRTAE Sriualrd et (62 are
useoGeY§Fn osspgfg g mjrfﬁﬂ %?WPM $hesfhalatérqod ﬁhg"ghaélﬁénthm that

als froma si rru
calctﬂa@sﬁh/&@l;tm@lhe unmlailedulaaﬂabtes (ﬂ@dhabdﬂﬁﬁﬁlb@dhérmmqmef the

. [ { h t t {

simulRiFR VB @R w3l Ip Bhe B SheSfiteh tis gad srenuth

anglé§‘ Fé‘eché'tmﬂﬂst?ércdnvel digP419i(P8y ipt fo theEimDEtdME ooyt put s
he DP control systemare not connected to t

: acihmlmtéat@f (1040 ineludes sinawator meod (&) tor the gopiion references
r ol f r : '
sonsHEoEkaBUBLET i A 60l ABLGERbRTBIEAFe sqpeor sionas (7)
correéspeftingao the sihulatdibdiotientof die vassdl (0% ohdensimiliateti r st
enbodi ment of the invention is illustrated in Fig. Il

disturkangesd 9 sompiising possible simulated failure modes (95').
* The real sensors signals (7) from the position reference sensors (8) are
disconnected from the DP control system (5) during the operation of the invention,
and instead, the simulated position reference signals (7') are input to the DP control
system (5).

During the first and second embodiment, tThe thruster drive sensors signals
(78) are disconnected from being input to the DP control system (5), and replaced by
the simulated thruster drive sensor signals (78') used as inputs to the DP control

system (5).
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HI L testing arrangenent for the testing of a system
conprising of the follow ng interconnected nodul es: A
wWORSHSOEI a thruster drive system an el ect rPCENO2005/000122

r system and a power managenent system In its
opie-svsiemsacaoiding de dharistyntian i aaRged frdesting whether said

coniEEH/ 9 () 4 By e Sl A BBy

togetther and r’qaumg fe(Lmzt)alaasﬂ; em:lefr saidtdimukated sdnso«islgmﬁle (7') 3Ry said

smu%\f%é?iﬁtgr aiciggg\zg) f 'lqut s tfgrfﬁtg cegv(,hg Sﬁ‘iqﬂ&% tsprﬁulated
singlé &mdrmalltpe ﬁb\ﬂuFJﬁnﬁﬁé@r‘iaﬁT@élagl%Eﬁ'fH arfy éfe%ﬁbﬁ@%quwﬁent such as

thruster drive notor (32) syst emdrives th
sensqrs, estysdans and SIbeaI‘fmmsmrssmnoﬁbleltestmgmiﬂhec&ystemcaccordmg to

e RRRBRI5S O A58 P BAPhES D7 bl g

systeth (1) sed th@g@h@ﬂ#ﬂaﬁb@énfe‘h‘t Q?étehh(ﬂ) prbﬁlﬂéé‘ fAoRIdahce to said
w th disturbance forces |ike w nd and waves, drive the

sumulaé@@§|ngle1aﬁ6mtdh@ledallwms¢m1nmhgelcaéwégctaa@n;ﬂaafleetrmc
mportant in ternms of dynam c positioning of the
comé/ge?ie?é%t The notion of the vessel is neasured by
position reference sensors (8), and the sensor signals
fromthe position reference sensors are inputs to
Seco§1|ql) @F D

rppodigint ﬂl%/!f‘ﬁ’ém'?@f'A"t Rak in turn calculates the
?rgﬁ o doﬂH%rﬁl@ﬁBdﬁﬁfeﬁﬁ of He' éhﬂ&?ﬁsé}@te@%h atrs::gffer%vé state is

e vesse eve adesrve
mucfsﬁegsamsmynélmeiﬁ;siwmlid&nbnt dut |madd|¢|oaltbmb femttireothat the

h |
systeg s adotep Mekey seoes ‘@)& aﬁrwﬁg WSt SPeqHR, PaMeT
consﬁﬁfptléﬁ Bﬂ’cﬂ Qﬁgle%Hataez" mqu é( 'I abcf l%z%r R0 efdﬁsazén §78|) from the

measur ed conmmer ci al
thrus(ea&)ensprﬁ/am lngutshhodbe &P @Dntrel sys@eml(é) (r@8) PMS feledback signals

2 SRSt 55 AU bt He 3 0801 syt
The inv8RticH @dSmF)illQ@é theT@né'sW@ﬁsaéQin (hlaoéasu?éﬁm%@huﬁéﬂ%ﬂ thBrihventlon

that calculates in real tinme the sinulated variab
(71) that describe the notion of the sinulated vessel

- o Lo : ft speeds, pitch angles and
Third %ﬁ%@'ﬁéﬁyﬁéﬁ“’gﬂﬁwmi hruster drive signals (78)
| hipttie third érabsdimeritiofthd H¥htiod illlikeatddminl FigolV, (tﬁé)@)lstem in its
i ncludes, sinul ator nodul es (81) for the positio

opergtiesstatr-isgathen similartpdhe sgcend gmbadimesk but has Spm_e slight but
signifiddh 'dﬂ’feerg 03 g O@Hﬂeefn%&ﬂﬁfegg %Pﬁﬁ ln%g@ Eo&émxes he following

correspon I'ng to € sim esse
steps(o ) under sinul ated disturbances (9') conprising
si bl e |rrulat * The rea

| ur
DI AUPu mAs B o Frdh entoimsiem pLappnse the control
signaff@(@Z)rté thSthrd&Rr drive system (32, 31), as with the first and second

embodiment.

* The output signals (6) of the DP control system (5), said output signals (6)
comprising the control signals (62) to the thruster drive system, are in addition used
as real input control signals (62) to the simulated drive motors (32') in the simulator
(100), please see Fig. IV.

* The simulator (100) has a simulator module (32') with an algorithm that
calculates in real time the simulated variables that describe the dynamics of the
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di sconnected fromthe DP control system (5) during the
operation of the invention, and instead, the sinulated

W@ o®s219mS reference Si gnal S (71) are input to I’(E‘IB’NDEDOS/OOOIZZ
control system ng the first and se

simuigied @leatreal Ol"Vﬁé“PW &%2- bfordhe \‘#UU§t9’ﬁé§ﬂ 3 Eurgm» §m(u#@lpr modules
comﬁﬁﬁ?g QE?CFE Fr é:%l?’gé gf E@St%ﬁPH5)| rﬂ:l %{F‘gﬁ%‘éﬁr it S\&érananagement

systei'nl(my |f1elmslmg megmaiuisatéa 8haftspeddsspoweucensuengtion, PRch angles
cantro

t T t di toth
and ??\'VBH'E' |389qus§§}‘fga%{ﬁﬁg??cg%%yg§pf )o\r/\hletn%er osal 3 cont r ol
* Symee%és%h oo e@@y@i?emh% B ﬁgﬁ@ts.&xﬁtﬁm«o& c\éndu'lates in real

function co oget her and being fault toler
time lﬂmietmldataﬂ nables tat deasmbe t:hegnatlen efihe alntulaiadd/essel (0 in

respdndR If 68 Sapebdt o drat B Gyt angles, under

simufBtbd iditartamicky (9' ahl poRSIRNLSEr sivlutibd gl thodes (95).
el ectroni c equi pnment such "as sensors, actuators and

* sihesimulaiesinaludema simelatarsnedigedB’) that cajeiilales the simulated

sensflf SBE) Bt Sl R BfteBR P BRPORR, Ly it ot he

thrusAaddiVeesyeggr, managenent system (2) provides fault
tolerance to said sinulated single and nulti

* f al hesigaulaier (ReYncledes ae‘-}'@é'ﬁ‘ti)'bm@ﬁ'é'%(se)cfpf Ehﬁ eosmon
o BE A RSP e i N g sonsor

signals (7') soopepanding te thad 9|mL£lam10hoildsreoﬁﬁmnmlatedt\/besel (0".

first enmbodi nen addi tio o the featurge that
thﬁ%%m%.wqﬁdé@ fotp dag Bpsi 96?‘1%%@1%90%"3(03%)(5(

I
discdFRHEF rBifie BPIRtol ARER R ENREIEY, ofS %@i‘ﬂ@@ sition
referehee slgnads 6F') arerinputktodhe DM pankoltsystédra (BP cont r ol

t ) | PNVGS f back si 2).f h
oA bR AR e S BRI 2o, P hS SrRUE Pwer
manégéﬁ'léﬁ{ s?éféltne )(rﬁé b&hfanshvigad batk %’fﬁ& DPesorithf s§stekh (5) as
saS|nt basi ¢ enbodi nent of the invention.

|llustrra’ceddh Eighd\di trmecaimuraéed RS (2’ bautp;sut signa) (42) may be recorded

oGO 300 Al PSP BB PRA AR T ol
manégéﬁnbﬁf sysﬁeﬁrh@? SieCshdk ehe qdargrdf théeiminatiors efrthessintitted

but significant differences. The third enmbodi ment of
powerrsanagemenbaysempi2)s & suffisienty stullargtha medeled argmulated PMS

2) iggggﬁéds g%%h”%'aﬁsﬁ smﬁﬁ%tiJr{ AUt Pt RSl Pls PP hSdR R

con
simulated conditions, and may be used in future modelling.) As described above it is

not easy to develop accurate simulators (1) for the power system and simulators (2')
for the PMS system because these systems are very complex and difficult to model
in sufficient detail, and may include a large number of switching elements with
discontinuous outputs that make it difficult to simulate the PMS system accurately
with available methods and technology, thus feedback from an insufficiently modeled

power management system (2') may not be practically conducted.

Fourth embodiment of the invention.
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signals (62) to the thruster drive system (32, 31), as
wth the first and second enbodi nent. * The out put
W(srz(g)ﬂ/ak]sniG) of the DP control system (5), sai BCDNOPWS/000122
gnals (6) conprising the control signals (62) to the

hlmﬁsf%trt mpedisgenta h@tré/emﬁoadwstnatﬁd insieig. s theegystem in its
oper‘aﬂ?é‘%ta‘f% %Q‘@ch%lrgﬂé} & &@%Putra gnid%mbﬂylﬁte%u%' qdiment of

| ease see

the théntT‘oansmnpnmS titeostepd 00heniirdermbodihant of tedimveni@? hjth the
orithmthat calculates in real tine the

f°"°‘é’l'}ﬂﬁ%{]@ %a?rt?%tbl es that describe the dynamics of
* 'n%ise%.??lﬁ%% 'EH @al BBW&?FL%?%?}%M%&%S{% e connected

t hr ust Sl S CO
via asiPWisl feedback tine |(2t)aﬁo tbe\m? centsoleaystera 15). £1nhu$ated Isgms from

the GRLFedPBIRE Maltag i yaIagt (BhaRneERPaHtp Be Tl gontiFsystem
(5). a2|mJth angl es of the sinulated thruster (31 1) . *

The vessel dynam cs al gorithm nodule in the sinulator
(100) calculates in real tinme the sinulated vari abl es

naloct A R T OBES Vor2e) ()

Firstarabedinmnt oftiamventergl es, under simul at ed
d| sturbances (91) and possibly under sinulated failure

"(S!;gmbodlmemh@f %‘ﬁﬁﬂV%ﬂttS’rn ilyefrated 4n gigsilhigiabaidware-in-the-

Ioopgﬁl-;jgi éésg(])&rf / 2%% ‘ﬁ% Eﬁehvlgfsdéﬁﬁ o‘fi‘%ﬁ&feﬁ?@ hebtgruster drive
motdrKGZ)tyBam Cl?géﬁ)ledtthelalt%mma’(mtem :(V)t$ aﬁ}d&hgrplovVerThanagement

i ncl udes a sij nul at or  nodu
SYSIQTHAEh BIGAUSR PR EBHISUVEGNSISNS (PTG Beiastaaltyustar (31)
unltsE ﬂp%? it t0fn AHIE Y s ?Oﬁ [ Iora@fcﬁ{ r@sﬁtglsﬂﬁ\{é hgﬁé}ns(%) may

correspondi ng to 'the sinul at e nmot 1 on
be reslistic. af epaesd & p(driart in whithea BPnsantol sy sieat hag beehtested in

HIL {e3find e debRplaer of e pusa daventih S iashe SARRE e system
(32) Sth@‘él@étﬁ@al%b?d/ér' éil%térﬁf(‘?)” %ﬂ@%é'p%/%'r?’néﬁa@erﬁétﬂ éy‘%ﬂéfﬁ (®Pare also

control system m‘) Feedback neasurenen
test@i |graahardqme)m¢m-MQp ¢o mumtmrsnnmﬂrableatlmmm the DP control

systgR (B8 rTpals BB =S he S8l bo e kT3 S8R fol Syt ) and
the ﬁﬁ@rﬁhﬁh&@émdn%@térﬁl@) fridyiehd 36 GRfdre$8eh promdmBehat may lead

recorded Tor conparison with a real neasurenent SI%EK t
outs.

to pqtmt)alkytﬁqmerws:ﬁf eostlyr situatipaswiirvolring ipadethip pigsararb

.l w&%‘@%ﬁ.};ﬁ%ﬁgﬂ%@%%%ﬁ@% gﬁdr)n"i"%é%hnﬁftt] %?er sensor signals
(78) asfifputs emdkes is possible, tottbst thé@?ht@#n for sivide etree dfdimulated
conditions with simulated disturbances (9') in terms of weather conditions, sea-states,
operational scenarios, and simulated failure modes (95'). It is possible, but it would
not be feasible to test the system under such a wide range of real conditions in
regular sea trials because this would make it necessary to seek a wide range of
weather conditions and sea-states, and it would involve putting the vessel in
potentially dangerous failure situations, which would lead to unacceptable testing
time and prohibitive costs to a civilian vessel and potential danger to the vessel.

Second embodiment of the invention.
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(21) is verified as a realistic sinmulation nodule for

the real PMS (2) under the sinulated conditions, and
woreapshzoused in future nodelling.) As descri beBk?HNOV(E)S/OOOlzz

it _is not easy to devel op accurate sinulators

f
| HEneemaancigrebeirasi ohthe inueaiion e3ij stiatod e Fiavill has the same

advap %ﬁel%géﬁﬁf‘eaﬂg& %Hfosoeduﬂéﬁﬁs? |B§|t @rfdd’ ﬁc% ang)g nﬂ"}f/b‘is (72) from the

thrustercdrivie(32) landdfeedbatiesignals 2R} frbmwlgnee‘eahpmwer wianagement

systania) B oo Ag coRtsolsystem (b uil b6 induded In 8dpshiing inclusion of
thesér?éélib%%kqﬁ‘t@rtf gbﬁggr E@M%Jr?ﬁ@ﬁ%sférﬁ@n@qncrfgﬁs the

I ci ent power managenent system
complayltywof tMecqmlamedcch/InlamlcsntJMtlbla systaun ahdéhe poives mareigement
entian rth enpodinme he inventi
systa aad 1Satbg ¥ p hecopbeRle VR A L G et ey B of great
valustate is nuch simlar to the third enbodi nent. The
fourth enbodi nent of the invention conprises the steps
of the third enbodi nent of the invention with the

ol I ow i . step: * The signals (22) fromthe

Th'rci b%%g?taﬁghéé%?ﬁwstem (2) are connected via a
PMfhd gedsnlsodinent(o? e irvehtion I]lasﬂ'at‘dd il FigyB! B haldware-in-
Sinmul ated signals fromthe sinul ated power_ nana

the-lgg teshof 2 systana ceprprisiipaithet BPtQﬁ’@tFBPSY,\“Jﬁm G)} g@#ﬁter drive
motdr Aystef VSN AAEBioBlicEh PO Co vy, AT @éwé%anepe”}em

syst@ﬁ‘r(a):illn”ﬂmb* emfibddiment trensinutato (’Lﬂﬂ)nmmdes mdaegls of thei thruster
rdvvarelnthelo HIqu fftofas
drlvec%%ms(ﬁa Rhﬁeelgpinea B Egpd thg poar ERRAgEMent

syst%)(?f;rfget %’(?]vee(rg%%ﬁlﬂﬂl‘ﬁ%olh%n & fk el & HB"%; edtvd s the

r managenment system cause
thrudtér drbtecsenars €¢88)y sithich (rfezmsdhatvths scHetlcm:maan leat rtcmatmnpler

o 4 i 8 B Lyt BB RETEL kol e 28 e v
embggma{t%dtt eRidcBhd Aibddimeht 61 whichRhE W&t st Theshpas

en teste in HL testing, the advantage "of the
interfaceddntthé¢ tiveatarsiivesensats.t he t hruster drive system

rerapenein et Bap B Rty bbb FbIdRERRRS tir

embbéﬁ‘ﬁ’é’lﬂﬂﬁsltﬁe@b%sib@lns@dﬂéht@%é@tflhﬁﬂln!grtoqﬁﬂbdé%imomlmtnﬁbdules
the DP control system (5 his is important as

| fortlte;th]dswtﬁgemrméﬁlrlméyﬁipnt@ﬂ)r &he @Wtrml psyves sisteAr(1'), and the

o P ERBAE BT oL 88t B B 859 o

S|mL¢aIt§tdc¢uﬁatéllyaHlomer MK thSIemgoddImént thepwah thrastér drive system (32,
31), ?he relfal glectrlcal power system (1), and the real power management system (2)
will be thoroughly tested even though the simulation modules for the thruster drive
system (32'), the electrical power system (1'), and the power management system
(2') may be inaccurate. The reason for this is that the real thruster drive system, the
real electrical power system, and real the power management system are driven by
the DP system in the tests, and if the testing scenarios incur failures and breakdown
of these real modules, this will be detected in the tests.

Also in this embodiment the thruster drive system drives the actual thruster

units (31) that in turn drive the vessel (0), and it follows that the load on the thruster
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15

The inclusion of the vessel sinulator (100) receiving
thruster sensor signals (78) as inputs nmakes it
weomsiiblvest o test the systemfor a w de range BET/NO2005/000122

simul ated conditions with sinulated di sturbances (91)
drivej systemmd2byillReratber teatigiic.i idlig means.thahalse this embodiment has

the PREH (e inp D B 2t SR B P etofh Pl tgsted in

HIL tegt|ngaﬂtatttmetlwstee minnue @qstesml,othe zledtrealrpovgs syéte’mpehnd the power
condlt inre a trials beca@]s%‘?tlggs woul d
manmep %@ggraas ;p compigat PR Y Syptem under a wide
d i nvol ve
rang& %’F@P%Béiit?ﬁe i t?eﬁ% & §'étel§p inhe élhuléﬁélﬂ

put t In potentially dangerous failure
situations, which would | ead to unacceptable testing

i me aHd r%i@tlve costs to a civilian vessel and
FOU"Bb?'@HP IneRtH4Re MVSTAR vessel . Second enbodi nent of
t e fovurthtdABodiferi HaeHoRBIEs &Y s@thetdtanfigt adPihe third

as Illustrated in FI% Il has the same advantages as
embodimehs\\hesmsd diaving teedback franuidiei simyiated powes imanagement

oy 2T B S SN i YEal e M Ry,

distuttshridee ddf? @oRacQirasiesia?drides imsinmuléton ard adsided Moksover,
test. The inclusion of these feedback interconnections

malfynadiops isrioi PUDting pefwaem the PNS Caand theecantiohpestemp (5) under

rarelgg\%éESSéﬁBfgbéeH%g)glpﬁéfga%ﬁﬁla?éd L t nssrxéi B! Lﬁ‘{&%Vé% The detailed

system —and
charsetetistivadofsthietsystenns to b tteste@fmgmr&tulantheﬂaym affthgfesdback

val ue. Third errbodl ment of th nvent i o The third
from ke paINSE ManFgemeRNt SYSE ife the BPu%MS?%[PeW ilf det PF"Q'”GI‘M""‘F@er

t of a system conprising the
emb%ﬁﬁrﬁ;ﬁ@rgﬁ dsfqé{]iSh&g?Be L%gdt hruster drive notor system

(32), the electrical power system (1), and the power
managenent system (2). In this enbodi nent the
simul ator (100) includes nodels of the thruster drive
system (32'), the electrical power system( 11) and
t he power managenent system (2). The advantage of this
solution is that there is no need to access the
thruster drive sensors (88), which neans that this
solution may lead to a sinpler interfacing so that the
preparations before the testing may take less tine
than the first enbodi mrent and the second enbodi nent of
which the test systemnust be interfaced to the
thruster drive sensors. Conpared to the first
enbodi nent and the second enbodi nent this third
enbodi ment has the possibl e di sadvantage of having to
i ncl ude simul ati on nodul es
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for the thruster electrical drive system(32'), the
el ectrical power system ( 11) , and the power
worewagzent system (21) . As noted above, theseCTHNO208600122

are difficult to sinmulate accurately. However, in this
enbodi nent tHAMRI thruster drive system (32, 31)
t I t

e DA E oo B BT o 2 et (Est e

- saldauemtr&lmysmt(ﬁ)ara:elmﬂ\@tnpmm convnareds (G5d) liké eletslnedl@bsmon

head?gé\%q%ﬁ%zq%wggge o eaggglé\?ﬁl;e gq/ve a,péijgr%%r?gne] for sendlng

contﬂtogéiggtagf(‘fsg relzztbeaét%&% (é)‘“ket éllaf}tnb@ fhPgdtet Pﬁ vé Rtltors (32) for

e system ‘the real electrical power
thrustgrst(8) aneh elaatrical phepeltenerotomn@$e fiemfixesiyshafhpanpellers (34),
dri t he .DP t i,0.the tests d i
- said Les sl N edisha SRs6r ks Pobah terfEied senes 81, 82, .)
provbﬁ%ﬁé@@'s@ﬁﬁ@tﬁﬁ 1,721 5) BaeK tbsnid RoAGbPEydtEmt (BF
tests. Also in this enbodi ment the thruster drive
- said astuatarer(By eeceivieg glactrigal enegyt proviged: by as on-hasxd power system

(1) bl Vi HEEF e Obe iRl shitebiDnT) be acher

said rRAhd$ tharacldrizdmathe folkewingl stepé:hi s enbodi rrent has
t he advantage conpared to prior art _that wher

- a sigjudator( 1R rseaivindanear mereisignadss (G, 1y ftionaﬁa\dnessel o
h I I
‘sa'%EWﬁgrﬁgmﬁ%ﬁStem the electrical power system

agenent systemare also tested in

c endinmdated raotuélatbr trimeiu@(fié)ymbemmmslmri]ulatech aﬁﬁuai@n frces to
0 enatin condi tions as set .u I n. the si ato
LRl digssRHmOgHle; G TiR/ad aN GHIOTARN 105 GeppLiting the dynamic

behatglﬁgﬁgkggn‘gf%mtggr\%ﬁgﬂ (Qgsgna he sane advantages as the

nment t “havi ng feedback fromthe
siansimtiated mensor m@@mroym@mmamdMSoaslmals (7

deschiE5 e P A ZhRa AR B FAR B F Yoneel 4Py oreid sensor

modlﬁe"(g‘l) o1 RAUrANRY &Y@bﬂ%re WP E SVl TBY [SBRSH QQﬁal@%?)trﬁodeled
coupling between the PMS (2) and the control “systens

undef Sjmulntst dlsmrbalycem@ )dtkesilmmatedl vaneht @ureantsamd ivaves, to said

contrgL sj ("ﬁg\ma% aéc'i Lé?ﬁtgol gfje ﬁgg rlggg gaals (R, 62) to said

actudtdfd (3gul ar the |ayout of the feedback fromthe power
managenent systemto the DP system w || determ ne

for tegtiag Mdretbwbwd ieapavyRT &y stem ( bumay rsavide iseffigient rawarvs
contr?)lleé\b tarH)pe I%P&e??ﬁér{%e%ém zg)s %zt;m%aﬁded bﬁ said

marin vesse con recel

controhgystesoB)ypunttier(said simd#atedeiensed sigpald 470)rand‘|9adlshgulated
and speed froman input command device (50) and

distughangg§dd)s or sending control signals (6, 62) to
actuators (3) like electrical thruster drive notors
(32) for

2. The method of claim 1, said disturbances (9'), signals (7’), sensors (8’) and

actuators (3’) comprising simulated failure modes (95') of said simulated vessel (0').

3. The method of claim 1, said signals (6) sent from said vessel (0) to said
simulator (100) comprising signals (78) from sensors (88) in the thruster drive motor
(32) system that measure shaft speed, propeller pitch, power consumption or thruster

azimuth angle.
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thrusters (31) and electrical propeller notors (35)

for fixed-shaft propellers (34), - said vessel (0)
weewpn2®wihg sensors (8) like position referencRCENOS@S5H00122

(81, 82, ...) providing sensor signals (7, 7 1, 72,

..) back to said control system (5), - said actuators

( r | Vi | ect [ ].cal r Vi an .
4. oiheuREfiot AR i ZopFREH Rl B bEbA Yy fAmic agsifioning or
"DP"gﬁggge,msnt system (2), said nethod characterized by

the followng steps: - a sinmulator (100) receiving one

or nore signals (6, 7) fromsaid vessel (0); - said

simul ator conprising a sinulated actuator nodul e (31)

provi ding sinul ated actuator forces to a sinulated
5. va@seahetmdiubfeclaionpy said epvionmiegtalicohditibns comppisingyweather

t he dynam c behavi our of said sinulated vessel (0'),
stateSind a” si mul ated sensor nodul e (81) providing simul ated

sensor signals (71) describing the cal cul ated dynam c

state of said sinmulated vessel (01) ; said sensor
6. nddel reefred)offaain ¢t saidisimulaied disturbarces (35) ebmprising simulated

ing B85 1 BB 0w o
sensdRY BstuatersEHdsigRM tFHsnsi¥sibAM (5) while said control
system sends control signals (6, 62) to said actuators

(3), for testing whether said real power system (1)

7. poteitioatutihibt &, (RS sSRAG iR dMgnE e real
powe? @Rttt (Byroeiies Fault tosiance ao dakl simladted sieglé @hd multiple
1) sai d simul ated di sturbances (91)

_ signals 1) and s ] . 2.
failure i mechanicat eleciiieand elegiipnic sempPeAABSs (9'), signal s
(7"), sensors (8') and actuators (3') conprising
sinmul ated failure nodes (951) of said sinulated vessel
8. ( The methodldieclaint hoshidivesseli(0) beingea petsolgnat platoymserdnged for
fromsaid vessel (0) to said sinmulator (100)
dyna%ﬁ?$'§?ﬂ§e§P@Hal s (78) fromsensors (88) in the
thruster drive notor (32) systemthat neasure shaft -
speed, propeller pitch, power consunption or thruster
9. aZiheumbthedgdfecldim TheaideehsaorsdB) seading sensar sigoalst (7plcomprising

AT P SR A A e
speed iffidld 0718, SRIMBIdothplbsV(B) IRE aSfyRé Sfroviding heading signals (73);

10. The method of claim 1, said simulated sensor signals (7') comprising
simulated position signals (71'), simulated speed signals (72'), and simulated heading
signals (73'), and when said vessel simulator (0') responds to external or internal
simulated disturbances (9') like one or more of simulated wind, simulated current,

simulated waves,

11.  The method of claim 1, using a control signal connector (61) on said control
signal line (60) for branching off said control signals (8) to a simulator control signal
line (60") to said simulator (100), and including a simulated actuator electrical motor
(32", 35") interacting with a simulated power generator (1') with a simulated power
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6 . The nmethod of claim 1, said sinulated disturbances
(951) conprising simulated single and multiple
wo 200629$5 i n nechani cal, electric and el ect r onPCT/NO2005/000122

equi pment such as sensors, actuators and signal
managamgm system (29, andiqa artuaten shaulatasi(3) sompsising Wwestag

hngyf esting of whether said real power system
Sim w; p3§\/|r1%15 fault tolerance to said sinulated single

and multiple failures in nechanical, electric and

ctroni c conponents. 8. .The thod of cl aiml, said
12 g Remetiyd gefiagnd, wah&héﬁﬁdﬂngﬁ BPWPLMARAgRmenG system

feedgé(&@ﬁh& Sbe i(rggﬁ‘sﬁﬁﬁ gweff)ma-ﬂé%eﬁ?érﬂ%g %573 Fée%lt@ck's.l%ngals (22)

sal d se sensor “si gnal conpri Si

frompzsaid powar stemageme(rﬂ systenv{2)dorsgig oenirolmystengifd).s (71),
speed sensors (82) providing speed signhals (72), and a
conpass (83) like a gyro, providing heading signals

13. ( 7Fie mBhod BEclE®h MOth whidhl s"’dld%ﬂfnuléﬁirq1@Oﬁé&rﬁbﬁgessﬁ@ﬁﬁﬂlated
signals (71) conprising sinulated position si g)na S

powqr) systemrd]) avithoa sipedatest pewesmanagement astemi)atsiog a feedback

e QA35ESlA08 Bt maf o) 0 Rt

di sturbances (91) Iike one or nor e of si rrul ated vvi nd,
mul ated current, sinmul he net hod of
14. cI'EhQrmPt @ phglain dot wblchss%%élm%latmé&%} cqremrl§esOa simulated

pow A EATS) P4 il ol el e HEATE B, A 58
a poﬁléﬁﬂr)artagemerﬂ systenh fdeatback(itie, (2fbritranisaiiting popwer management
nul at ed act uat Oé) fgl ectri cal, notor

SyStﬁrﬁtfé?@féﬁ‘q j90RlEH<2) o said seal Ravesr r@émean%m %Mﬁft?mv(/?) fp said

d power managenent system (2'), and an
Contg)étéxat or @I mul ator (31) conprising thruster sinulators

(31', 34'). 12. The nmet hod of claim1l, in which is

o e e

moto?rég s (22) from said power rmnagemsnt system (2) to
said control system (5). 13. The nethod of claim1, in
whi ch said sinmulator (100) conprises a sinulated power

16. et atbd Badieht he Bs B8 PRI FED RN 6 Glectrical

propéﬁgdh@fdfsggg)nal s (22') to said control system(5). 14.
The nethod of claim1, in which said sinulator (100)

conprises a sinulated power system (3') with a
e )
17 BT oP9UE: 2 ERASERER) PR B ¥ BRI Mipector o)
dischrvestingwaid semddr signal line (80) and a simulated-signal connector (89)
connecting a simulated signal line (80') for feeding said simulated sensor signals (7')
to said control system (5) still being connected to provide control signals (6) to said

major power consuming actuator motors (32, 35);

18. A system for testing a control system (5) of a marine vessel (0),

- said control system (5) receiving input commands (51) like desired position,
heading, and speed from an input command device (50) and arranged for sending
control signals (6, 62) to actuators (3) like electrical thruster drive motors (32) for
thrusters (31) and electrical propeller motors (35) for fixed-shaft propellers (34),
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system f eedback signals (22) fromsaid real power
management system (2) to said control system(5). 15.
w{a b@snemndd of claim1l, said electrical power PCT/N02005/000122

generators (1g). driven bé generator nmotors (1le).
- saiFyesaek (R goswrising sansors i) dikemesdinn ieferepee ssn§9@| (I8ér§2 )

4
prov‘ﬁﬁg Sgﬁ%]a(rgﬁ%'ﬁmc aej;:n’F r172:ag b%E;con %@{Cds.ﬁ)?s%?r?t%% ‘rﬂa Vi ng
- said as:hgnats (3) neceiving eteciricd|&Bergly providetby ag arebdaigpoeeer system

| 80) and | at ed- si gnal t 89
(1) R entr G aL1R ReiaY sopAdiBent quﬁﬁér%% ) or feeding

sa;d%%féﬁbﬁaiaﬂ&%eaqgé% ISR ek A}ést o said control

system (5 I ng conn to provide control
- a sitnyglatdr108) atranged tbrrrageivingoe ocmosel signglsa(@, Ty from said vessel
0): motors (32, 35); 18. A systemfor testing a control
(0); system (5) of a marine vessel (0), - said control

- sai@ ¥rhBRtdrDomBethy i Ng i nput conmands (51) Iike desired
posi tion, heading, and sgeed froman input comrmand

dea Streulatsg) acinatosmedije §3') arrapged forgrovwingsinyilgied astuator
forcé 62) to actuators (3) like electrical thruster
asr ve notors (32) for thrusters (31) and el ectrical

pf@@ﬁhulatedﬁésséﬁn(oﬂﬁ)e tompfising rsaigbtithpr Waidrﬁmtmg the dynamic
- said vessel (0) conprising sensors (8)

beh%ﬁ"tqfcﬁ@'d simflatedlevesspks apd1 | 82, .. .) prow d| ng
:eé' f?ﬁul%lae?f?én%o(fk ogué%SSZarran%%c} Prgéc‘aé&g?tﬁ‘gd giln‘é@?freﬁg% nsor
Signﬂ@e{fgy?ffd?%'dﬂ’@ by cwlblﬂateldaajr@n{nomtewfs(agmimmt?dimsel (0";
controlle ower ement system (2), .saj
said W@ﬁ@hﬁ‘@ﬁﬂkﬂé{)é}r?@r&?c&gﬂf ‘?\tg‘ ”ﬁgg Ioaﬁnyqd“?r@a‘?f)bﬁaéé sirulgted sensor
sngnélbg‘i‘&%&{eéé&%b?@élhﬂn% d(lé’tﬁrtffﬁ‘(%g‘(g‘?QkQ%ﬁHGFatérPangr}ddrcurrent,

romsai d vesse
and v@anps, o sagd aonhrauhdyatem (arwhiie saidneohitod syStém srarsampet] for

N T e
said tsggte‘i’l&/ ﬂﬁ%ftarfbg\gﬁétﬁéﬁ saff re‘%ﬁr)gw% Bhed )Yﬁ?ino\A&lguﬁlc,ent

a Sl nu sensor nodu arrange
poweradzwurailedrtgl saldmedtm@ensnag@hgnwﬁtmj(ﬁ) ) wihen commanded by

sald%:ca)s L%’yesggrge(gigﬁg?@ial ?rgg%ecﬂg featt s,;é? f%n? said simulated

distidbameede@'.f or returning one or nore of sai d simul ated
sensor

19.  The system of claim 18, said system arranged for testing whether said control
system and said power management system (2) functioning correctly together and
being fault tolerant, under said simulated sensor signals (7') and said simulated
disturbances (9").

19.  The system of claim 18, said conirol system (5) having a signal line connector
(88) for disconnecting said sensor signal line (80) and a simulated-signal connector
(89) for connecting a simulated signal line (80') for feeding said simulated sensor
signals (7') to said control system (5) still being connected to provide control signals
(6) to said major power consuming actuator motors ( 32, 35);
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signals (71) nodel ed under sinul ated di sturbances (9')

i ke simulated wind, current, and waves, to said
weoeonwsnoloisystem (5) while said control system PGI/NO2005/000122
arranged for_ continuously sending control signals (6, .

20. g2hhe sysfempofAainni 8- said $pnirebsystams Gincpaipristg a dystick input

dovidh NI AN EAOLBRKLa 5 G SHefME) DAY A inctaing
autonmatiegesritg corttat furfcjons amtecompensatidadobwirshodcaoahtfolces.
system (5) under said sinulated sensor signals (71)
and said sinulated di sturbances (9\ 19. The system of
Cl 1 1 o ] r 1 ol .
21 e B B AP (O RauiRg S Rind input
conngezjorf(8¥iyfar aiis cogneoting saidycanameant énputn (6 1) eindga Simalilated-

comtydn i 3setgals B i b g SR arch ARt b B
(50'plain118, said control system (5) having a signal |ine

connector (88) for disconnecting said sensor signa
line (80) and a sinul ated-signal connector (89) for
connecting a simulated signal line (801) for feeding
said simul ated sensor signals (71) to said contro
system (5) still being connected to provide contro
signals (6) to said nmajor power consunm ng actuator
notors ( 32, 35);20. The systemof claim 18, said
control systems (5) conprising a joystick input
device without position feedback, said control system
(5) preferably including automati c headi ng contro
functions and conpensation for wind or current forces.
2 1. The systemof claim 18, said control system (5)
havi ng a conmand i nput connector (87) for

di sconnecting said command i nput (51) and a

si mul at edcomand i nput connector (86) for connecting a
si mul at ed command i nput device (501).
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