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METHOD FOR T STING OF A COMBINED "DYNAMIC POSITIONING

AND POWER MANAGEMENT. SYSTEM. 5 introduction A vessel (0) with

a dynamic positioning (DP) system (5) for station keeping or other

applications will in many cases have diesel-electrical powering of

propellers (34) and thrusters (31), see Fig. 1 for a schematic illustration of
MpTiaO®tFAs: furtheTnitustrated ingINE T8 IBSNA BNEr ey IS IMesieed BRID POWER

, rd.t sel (O a power 10 plant (1) that comprises electrical
M ’ﬁ‘é((:‘jr%ﬁig;)&rjs5 @Tt‘éékgffe driven by diesel engines and | or gas turbines (I

e), and a marine automation system that includes a power management
ntYSIERLEPMS) (2), The electrical power consumed by the electrical
engines for the propellers (34) and thrusters (31) may constitute a

signflid&sE&forviiar BYER R RRREEN BB dRasysieE! onumiaiiognkeeping or
otma;igp@@ﬂﬁg%wﬁmwm%mﬁohﬁwgﬁ@éﬁ@@?kse@@_bfﬁ@m @&NQ%@@%E Eope!lem
. positioning "DP7.control system (5) to the electrical motors (35, or
O L Er ) e ST ) SRS o et
illL@@M@tﬁQy ﬂu@h@;‘idft aimedy dyelecwiost powereve tioadplarge Poiwes power
piémqtm'éomp‘ﬁ@éleéi@&r%@é%%%eg Wigh O&Resatan B@B}eggflgrrl]%ines

may lead to shut-down of the power plant (I) and a discontinuation in t
ang {593 BEURRSI R ek, MRS siRidnB R RieKStereftirb it e na power
mdai_ag&mehtisymly(famsmmnma&yea_dan@emdm@rw@mmd %@tlﬁ%&lﬁ&tric&i
missi ma q ent,.seriQus ents and wrecking of.the .
e e LR BB SRR R R peicr
paﬁ@%@ﬁﬁé@@c@ﬁﬁ%i@ﬁ@%(@%@ﬁr@M@@Qbﬁénumﬂmgiim
ooﬁﬁwe&iéﬂ%léa@i%ﬂ?%%'ﬂn@ fiBRrg ADECMANCAUQMHIO the electrical

system, tg e 25 wire that black-outs, unacceptable power fluctuations,

QP BRaP b ct BRBIE P BFHFIRIAL Sl Hor BEKR Britich B GPBIHGHEnging
poofatheovessab {O)., Mreseatll nsachte siigripadpedinesvdoivad abowefpower

: : )i S : lectrical
RS TR DR AT B SONONEN U R
ShH?éﬁ?ﬁ@W@é@Wﬁé?@W@%ﬂ@gdT@)r’aféﬁr?ﬁ%ﬁ@‘é@%@%ﬁéﬁh@ﬂ%ﬂﬁﬁl@%&ai

poandl. 3hieesifvanbetheiithedDBrapsiem () willaperie eosrRetlyanadestentially
demandina%?ut re§\Iisg%oqggéagyﬁl%iconditigns, or nt%t. Thijs invalves both

e G e n T R OrS BRI L i n P IRAE S R IR R A f5URingccidents

environmen
angrgresidmglefiikires seintidcRamitds, wiskatouwntit elepwarsidrepuifantiat test the

int8HEkiBR BBRAOES (RY BEIUBRINNSIS)A8M SIINMJTARSPUSRIP Riant (1), including the
power management system (2) and parts of the marine automation system, to make
sure that black-outs, unacceptable power fluctuations, or other incorrect events or
conditions will not occur under DP operation of the vessel (0). Presently used testing
procedures do not allow for systematic testing of the DP system (5) in combination
with an electrical power plant (1) under demanding simulated but realistic conditiolns.
This means that there is a need for testing methods and systems that can test and
verify whether the DP system (5) will operate correctly under demanding but realistic
operating conditions, or not. This involves both environmentai conditions such as
weather, and fault tolerance to single and muitiple failures in mechanical, electric and

electronic equipment such as sensors (8), actuators (3) and signal transmission.
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AMENDED SH _._ T J Background art US 5214552 describes a
diagnostic system for testing an automotive vehicle of the type having
sensors and actuators for independently sensing and actuating a number
of different functions on-board. The.interactive diagnostic system
described in this 5 patent publication is a device and method for
disconnecting selected control signals intended for being sent to

BackgrRiatst@%om an on-board control system in a car, and sending of

Us sconespording signals dranstan externalcentpuiendingcilyctiosthesdicisoar dhe

ctuators in order tq test.th tioni f S
e BB B o e R oer
of different8mesbeysterhoas! HowaEs rardineigingnneligisissptheesiipgiondhis

patefMalBRugsRe: FHEheEnere nibaredSonaisaentes:pidesingdriRtrol signals
” performed on an on-board eleftricalfﬁow r E{Iﬁgt us §3+7542 describesg

intengGt (R SRIHTTOF 12 GBS SStEM T0F RS OtRIFCoP YEISEY IR Snars
sendfepresentimgp padamefgrsafuthrasheatingairotiypitdier aredibaveghe dbboard

aotué’taorriéjHw%?ﬁ&%%@ﬁ%%t%ﬂéﬂ%ﬁéﬁg Wtilise %@@@5@{@%-&%@%@@_ such

particularity pertains to ocean bottom mapping by means of sonar. The

indegatent d685 HBITIRATEICIOR haVBIEbIERBIESRD RRsReroa B aeRem.

HowER SysieMsiRCauneHT WithdisirglegticahpaweesuppBLsysianbrélthere is

Short summary of the invention, The abovementioned.problems may be
no W@&U@a% ?ﬁ%nég r?orme on an en-no rdeecgnga? &N@? %

|
s othe present invention which proposé% & mathod for
testing a control system of a marine vessel, in which said control system

Us Feseivesdopyieannands iksidesited %@%@%r@%?gie& fangisneaerasn

an input command device and sends control si Ha s to actuators 25 such
clec g BRI SRR BT foF U SR REART RIClEArBraBaapave fo
varicdnotons bioxr i xedishaftwyiriopelitirse Said vegsebduitherivoenposes gendaniby

pena%Hg%a&@%ﬁi%ﬂorﬁf&f%f@%sspm%@mgm%eﬁ%@rs '@em%'t;@gm@ 5@y er

control system, and in Said actuators receive electrical energy
solveibeiaeblsyer Brstmndsere AsRigmoeh gy el EneamyneliRsgih its
e;ecmme@@@@tg%gme method is characterized by the 30 following

steps: - a simulator receives one or more signals from said vessel ,
Short summary of the invention
The abovementioned problems may be solved by the use of the present invention
which proposes a method for testing a control system of a marine vessel,
in which said control system receives input commands like desired position, heading,
and speed from an input command device and sends control signals to actuators
such as electrical thruster drive moiors for thrusters and electrical propeller motors
for fixed-shaft propellers. Said vessel further comprises sensors such as position
reference sensors providing sensor signals back to said control system, and in which
said actuators receive electrical energy provided by an on-board power system being
controlled by a power management system. The method is characterized by the
following steps:

- a simulator receives one or more signals from said vessel |
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MENDED SHEET - said simulator comprising a simulated actuator
module providing simulated actuator forces to a simulated vessel module
comprising an algorithm for computing the dynamic behaviour of said
simulated vessel, and 5 a simulated sensor module providing simulated
sensor signals describing the calculated dynamic state of said simulated
vessel; said sensor module returning one or more of said simulated
sensor signals modeled under simulated disturbances like simulated
wind, current, and waves, to said cantrol system while said control
system sends control signals to said actuators, 10 for testing whether said

- saitCaihpEwer systemsmay provide sufficient power when controlled by said
real pow (?rt%pdg\n%%ements stem when said power management system is

e

a Simu LSR8 MR AFING SEPYaie dinrivasd epepimignals

comman
and sixidisherlicesedistonbencas ptsHigeaineention i rhesonas s gas es famic

benSVBIRBITOLIPSHNG 2. E0WEQLSY S Of @ marine vessel in which said

control system Is arranged for receiving input commands such as desired

RO AESHRRE SahaNSpeiIoridiag Ripuieien sambdeidoelandssribing the
calcaler@ageshionisendindEeniialisignRads taslyators such as electrical

th% &eé S ris\eg_ nqlooéo ) fo&thrusters and electrical propeller motors for

fixej-s aft propefiers. 54'SUg FRER TG ristRIdSigyiaied @pazop siuits
modpigerangder senstaedrchsiyeehfmeplibwiding stnsavisignalgdackte Sdes, to
said GRRtE| sysiemwraid %HJ%‘H%%%%FW&%Q@O&%B%&“s/i'crz]rg ?s!%éc)gsl%aé getuators,

for t ener rovided by an on-board%Power system being controll
o ‘??8%%%5%‘55&&186?@%@%% PSR W evidrstaficien thoter foliewing
contfeldres s2kl rassipuatonarrangeefosFeeRiRg-PNe R mw&%ml@émgm

tSAL ES58la sl d simulatar. rising a simulated actuator module

e arranged f(ﬁn ro%\f/%ﬁlgégﬁgfg@rig ggkﬁg}b‘ﬁﬂ%%gé' FIGRIGRRIYREsEnals

and saiie datRpAiFYBAREEDrithm for computing the dynamic 30 behaviour
of said simulated vessel, and AMENDED SHEET-

The invention furthermore discloses a system for testing a control system of a marine

vessel in which said control system is arranged for receiving input commands such

- as desired position, heading, and speed from an input command device and is

arranged for sending control signals to actuators such as electrical thruster drive
motors for thrusters and electrical propelier motors for fixed-shaft propellers.
Said vessel comprises sensors such as position reference sensors arranged for
providing sensor signals back to said control system. Said actuators are arranged for
recelving electrical energy provided by an on-board power system being controlied
by a power management system. The system is characterized by the following
features:
- a simulator arranged for receiving one or more signals from said vessel:
- said simuiator comprising

a simulated actuator module arranged for providing simulated actuator forces
o

a simulated vessel module comprising an algorithm for computing the dynamic

behaviour of said simuiated vessel, and
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a simulated sensor module arranged for calculating simulated sensor

signals for aescribing the calculated dynamic state at said simulated

vessel, said sensor module arranged for returning one or more of said

simulated sensor signals modeled unger simulated disturbances like

simulated wind, current, and waves, to said control 5 system while said

control. m.is arranged. for continuously sendi corgtrokﬁsj asto .
e R S S SRR R ST R RS ey siomae
fordagpovid & sutfitiortieoweraounteiiedbyadidivedbpoiverssrainagensentor
m&m@g}fé{ngéas@%@mg@s@%%% SHSIRIT 1% GRAYNABACH Y FRUL modeled

control system under said simulated sensor signals 10 and said simulated
ngRi GBS WP ERYE (LR BHE ROV aa e i 408 prate © said control
sywentinhiendlibecorme! apparant foamdeel foll v detsiledaenar iomref signals
o tha%jré\é?u i N 15 Short figure captions with some comments to the

arawmgs e'prior art is illustrated in the attached figures identified by
saiflriaiens faHestiravihgi afe e daafaoiesiesivgtmainvestios eufficient power

comflldwbhesanstreser m&g@%ﬂﬁwmgmeMM§%h&%@M%%&%em
_.attached patent claims only. Gen(-frallg/, the drawm(%s in rig. | to Fig. 5 show
SYSIGRLEA BIBER GugF G P 2R WHHE PRBUOER e S RIS e iag gionals
antheasy stiem|diethdishetlanizally and i or logically connected, and having a

set of input signals and a set of output signals. These signals may be
analogue and / or digital, and may be transmitted over one ore more

Ot Yﬁ&@ﬁ&ﬁﬁ%}?ﬁ%’&h@@%‘@&t&%ﬂ@ BraveR oK eTHR drMivifge ssoRpparent
froifrehsignaiviow betsveenithe fipnctiosrthblasksvdere the signals are
transmitted along 25 lines with arrows that indicate the direction of the
signals from one block to another. According to standard terminology the
Shemdsryrsyanineasduithe posieamnte rHedaibgcareaeioged to as

"postiipndeteranceisenants (@Mé{%%&”é@fﬂ@hr@é%@%ﬁ@?% @nerals, The
accumulated und?fggﬁensors." &8 in addition, the rudders of the vessel (0)

R R AP H AR AR TR SPsaBoely 6Lk By'tie B Bp=d t
linsystenmyBiogenbicie timilstiirctecdhyatieratiatththepagint plapetersivig.

1 Mesliaes prioleaifN0GS W8 9984 SYSIRE R B 688 dRlms in
which each block is a functional part of the system, being mechanically and / or
logicaily connected, and having a set of input signals and a set of cutput signals.
These signals may be analogue and / or digital, and may be transmitted over one ore
more signail lines that may include a data bus or network. The drawings show the
signal flow between the functional blocks where the signals are transmitted along
lines with arrows that indicate the direction of the signals from one block to ancther,

According to standard terminology the sensors (8) for measuring position and
heading are referred to as "position reference” sensors (8), whiie all other
measurements are accumulated under "sensors.” (8) In addition, the rudders of the
vessel (0) are included under "Thrusters” when these are actively used by the DP
system (5) fo generate thrust in combination with the main propellers.

Fig. 1 illustrates prior art with a conirol system (5) for a marine vessel (0)
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Figure 2 illustrates r_; first embodiment. of the invenrion in whlicr a vessel
simulator (100) is connected to receive thruster drive signals (78) from
sensors (88) at electrical thruster motors (32, 35). Fig. 3 illustrates a
second embodiment of the invention. The second 5 embodiment is a
modification of the first embodiment of.the invention illustrated in Fig. 2,
the difference being that the thruster motor drive sensor signals (75) being
fed back to the control system (5), and power management feedback

0¢ e con POWS ack ..
signal$ {2y ot tesollie RARAYENBnsyAteY () B8ity Leit'ts Hre!

siGNite system (ohrfdgied iltusttatos ahthist:etbadingertof The frvestosors (88)
gheﬁ%hird] lﬁ{}‘u%?d}%e@t Is 10 similar to the first and second embodiments

at SASHHRA IgS and %,sb‘f"r’nor  elements are simulated and thus more

extelfive dinmitatimas eopod cewarine s R NSBIMATE) siaIaesgnd
orfilrgiinaharive MAiRs:(R4 o8thkanueskeRdingta Brereahiiusieniustrated in

electrical drive motors (32, 35) are included in the simulator. Tl'hisi being fed
Fignb B R S T et FSSAER P HomeSRTEIBBITe &) Peins e
b A2R ‘eontalonbos ysteran( 35 Figdboitiustr ates zgfourtht desibdinkesigobith £22) from
invention, slightly differ 0 [ j n Fig. 4 the
OO DB el T L2 P el A b ook thal
PMSHigedbierisitrranst(2) 26 s tBRNaP Sy aén g8 othisheipddrmagdiment is
saﬁ%ﬁgriwﬂ@%ﬁé@sn@g&;%agi?@ﬁbaamﬁw tcgaaﬁmw@g@r u:lgha @,%&Qmor?
control system (5). Fig. 6 illustrates the possible rotational movements of a
o GBS B i T AL e ORGIOINAT I SR ApUR e e
sithuiattshipnaxiSiandeyaneddctital vente atotnds (16getheranitie spegdingiayihe real
wfdLeare alond e same.es. Fdailkisliates suge mupIandaW In

the horizontal x-y plane. 2(?5 ig. 8 is a similar view as the previgus figure,
ORI BRA S BRI SRBREAY 3 HIREN M1 RaBpiny ool

S%{Mﬁg(@peration by using thruster propellers. Description of preferred
emboﬁi.m Q@Ss(%];at eesig gﬂxqﬁne:i § %#H%ﬁg%é?ﬁe"aﬂ%ﬁ{fo‘ﬁ”@sg Hi(ﬁlerent from
syste g( I a ' marine vesseW%?. e control system (5) Is arranged .
tiferthircetvimydinmol secvrndigitag nfclisudéfrestsg peineihpbiiigeal PMS (2) being
afgle DSRES (BiP Miane adpudbep RERINETSenser shavingyatem (5). This
eﬁnl\élodl\ilrr?eEnt a?sl_cliEirllzgi-udes the thruster feedback (78" from simuiator io the DP-
control system (&).

Fig. 6 illustrates the possible rotational movements of a vessel (0) in the sea:
roll about the longitudinal axis, pitch about a thwartship axis, and yaw about a vertical
axis, together with surge, sway and heave along the same axes.

Fig. 7 illustrates surge, sway and yaw in the horizontal x-y plane.

Fig. 8 is a similar view as the previéus figure, of a drilling platform for being

arranged at a dynamic station-keeping drilling operation by using thruster propellers.

Description of preferred embodiments of the invention
Fig. 1 illustrates prior art with a control system (5) for a marine vessei (0). The
control system (5) is arranged for receiving analogue or digital measurements (7)

from position reference sensors (81) and a number of other sensors having a
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0 common numeral (8). 9 he control system (5) further receives input
commands from a command input device (-0) like a ioystick, a position
setting device for a DP system, a heading command device for setting a
desired heading or ;udder or thruster angle, a speed command device for
setting a desired speed, etc. Based on the 5 measurements and the input
commands the control system (5) sends control signals (() to several

GRNIRES Hﬁré?&}%f%m%@m%@@%&%g&’%% %ﬁ)elllg‘?\/g‘]sryns'[e § r)gﬁ:adds from a

propellers (34) that may be driven b Ctrlca thruster engl

SO | ﬁ%é%%@ﬂé§%%5Wﬁi§h%ﬁWWmﬁ%!%@ﬂv&pdwa DP system,
mbeaenﬂersmmr&sdé@q&ﬁmys@mﬂ@%t@éﬁi@QWQQEW@Wﬁer‘:&HYﬂer angle,
bé/ %%\&l%%n nes C;e I§e lesel s are ontrolled by a power

gna emen system %‘f} A Sraertst ?eﬁég g\ﬁ@?ﬁ nBiGtoRe ‘j"?cﬁﬁﬁrowde
rapfficiEntend stablépowet tontoawitchboanisosydemari) famdhonirol signals

(ertdalors roI
e e S e o

Fril§ ol ﬁﬂ?ﬁéﬂs&w‘a’h bM@&%%C@# ﬁ'ﬁééﬁ%ﬁﬂ%‘%ﬁf@a @)d

emérpamngsfimafxagegftﬁf@ym%ughé@amm@@?a@%tgé %&g@g%ﬂ%ﬁers such
e na to the contro
ST B e A Gl
d&b@lﬁﬁf@f@ﬂ%ﬁr@@ﬂw&@@y méqmvémag@gemwﬂ @ryatpuwéy engider(ity ihe
pbe)ondamaneiion) tb%m&ﬂf@@ﬂ}%ﬁdlkﬁa&@ &ﬁk}é@f@fﬁ@ém&mams on

d%tm%% wer %nasgmers arg& EP ?&s on board the vessel (0). 20 T
SORMUNULHER aRYEIgmals TR R b aioES S ORIR G RB2rfsH fme the
ceBtebryHAa métutTcmeanairﬂmeacﬁa@aremnermﬂaéosorsd@)ﬂmcﬁh@@x%nc@atr@lwaves

ussies) (Ridhe sienalsibhars gagi%ggg@gqg%%ﬁig}r@ als

and ASCII telegrams transmitted on nal lines (8

HRRSHEP B RIS itk %&?&%%BEW%%W@@@%BS‘@@@TM%CK line (21)

Twn@MSgeefabmm@a@m@nymmalaﬁmwﬁsterﬁmhqmwgf R tro) %g%”g
thruster.moto 32) for thrusters, an

B B el BV e B e

Qﬁ@@%@?%ﬁ@g@é%@ﬁaﬁ%nﬁmm&@w@ ﬁm tbedigitat signalsners like the
aB18SRAYES) SN OMEIQINES 5 RAMBINISANOLRRLNOTS LISIRG MENAR o) (0).
defines 30.MpSEARSMats g1 commupicatin profocole such s CAN o
UDP. g type:
- From sensors and position and heading reference sensors (8) to the DP
control system (5) the signals (7) are typically a combination of analogue signals and
ASCIl telegrams transmitted on signal lines (80) like RS485 serial lines that comply
with standards such as NMEA 0183, or network message formats defined by the
vendors.
- From the DP control system (5) to thruster drives like electrical thruster motors
(32) for thrusters, and electrical propulsion motors (35) to propulsion propellers {34)
the signais are either analogue signals sent on analogue lines, or digital signals, or
messages sent on Fieldbus or communication networks using vendor defined

message formats on communication protocols such as CAN or upp,

AMENDED SHEET



(o)

10

AMENDED SHEET ... From the powermanagement system "PMS" (2) and
marine automation >ystenls (including power system (1)) to the OP or
otherwise control system (-) the signals are either analogue/digital lines,
or messages sent on Fieidbu or communication networks using vendor
defined message formats on communication 5 protocols such as CAN or
LOP. Power Management Systems (PMS} (2). The invention relates to a
marine vessel %) with complete or gartial electrical powering of motors

(35, 32) 1OF bropEItIE" 31 P r IS IR 1Y M dSaer 0y waNino sgvenation 4
e’ﬁ?@tzf_f&l %@Uﬂﬁsﬁsﬁemﬂéwﬁmwg@wﬁ &@Fgﬁff@ﬁhé%%@i&ﬁﬂiy«ﬁ BYERm (5) the
Wi ‘Jlre ) furbines (le e generators. (1
prc%nucegelegt@ﬁ:%?f%gv%%ré té%){% IS éﬂg%ﬁ’e%l () g&%ﬁ%?@&%%ﬁéé&%tj@)%at
COMEIRHE EIderieatele ST sower de bumplineshage thergesesatoss (ighication

overethrleaticat poyerbugtb) that in regular operation will provide the
required current at a specified voltage to the 15 electrical units like

propeller motors (35) and thruster motors (32) of the vessel (0). It is a
critiosl idgouireement fSiyitersaféPaf@ration of a vessel (0) that the electrical

power t ; ak do nd to.avajd that a situation in “
hich e S P VAL O3t WLl ol SO IGH Sgaeiectica
PATHENRS i Mok Bé avarldartnertniem iisternibsu tissireledtrical peverr0) will
Funtbermeleaidcaityation §?§W?ﬂ/§ﬁ%ﬂ%¥'§%&%%'@,ﬁ%ﬁ‘é@%@ﬁﬁﬂﬁwﬁriven with

voided, a.situation characterized by, a. complete breakdown o m
S ) AT VBelB) T sneriga om gprios lectrica
cSRSIIEaty stpriitnetatitenationf dnwesssbl anageseRLBESIRIBHRA power.
U IRGlUdes:B IRANEEANAY em (P 2). The PMS (2)is .
a par%CUIar té%i-()f control systeiné%%gﬁgi&n ggceggé&gﬁcérﬁgagrg%wfézeﬁﬁ(q b) that

AN SRRSO WILRIRMY athed5a frocadsentivierepeniBednmitage to the
sigeicdromitdhiseecivielt povrrsysEmnd i ARhAHAUIBYER POPIFY vessei (0). it

' ; igal .po system (1)..The PMS (2) involves
o e ey 3 Vot e gerical power
SEWEFSStaRPeIy YtRakiRe Wit 4 arutdparevidudticontivietecttical
poweosysters (hraehieyp® aispeciiaddeairads 39MNA %H@Eﬁ:ﬁi st be

e R S e LT R WA GO MM A TarPwASifpon called 2
velgstout” or “biack vesse!” must be avoided, a situation characterized by a
complete breakdown of the electrical power supply of the vessel (0).

The power system (1) is controlled by a marine automation, or vessel
management, system that usually includes a power management system (PMS) (2).
The PMS (2} is a particular type of control system comprising a computer program
with an algorithm that is executed at a data processor that receives input signais from
the electrical power system (1), and that outputs control signals (6) to the electrical
power system (1). The PMS (2) invoives several functions described below.

The PMS (2) controls the electrical power sysiem (1) so that the electrical
energy provided from the electrical power system (1) achieves a specified required
current, voltage and frequency. The power demand may vary strongly depending on

the operational condition of the vessel (0), with low power demand when the vessal
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AMENDED SHEET (0) is at port and high power demand when the vessel
(C) is in transit, or when th”, vessel (0) is maneuvering in large waves and
strong wind conditions. ;!~, vessel (0) may have several electrical
generators (1g) driven by e.g. diesel err%%gines (1 e). When the power
demand is low it may be energy efficient to run only one generator and the
5 associated diesel engine, and to stop the remainin% generators and

((HiSsBi BRYiABS. "EhBRYREdSSIRICHERR R G688 (G te imERpRline levBeitthe
vedtidienecessany tertug iallagenetalosssaadthe asepciaiasidiese! angiaes; (o)

[ intermediate power range, it be desjrable to run some of the
T ratore Ahd e ALea sl el BN LS T8 PAIST) B Bl Wnen
teengeel feaabmiationly manbgeteestafing e stoppingt® gftherator and the

a@@agaié%rw%%@gigangﬁet%%@@g@ﬁ@wﬁﬁmggﬁlﬁ%%a@%ﬁata%wen ines.

nd tg meet the economic requirements of fuel efficient power generation,

d't ’ﬁﬁ’/}%efé%e%ﬁ[‘ﬁ]‘?n?éOéBﬁﬂéEﬁéﬁ%\ﬁ}ﬂ‘&ﬁﬂdﬁ%wﬁé"&%%ﬁ?%ﬁ@v to run all
gstent=ip anddtut-avwn aitgedestoesi@ngings ite)nBha AlE @dwdl range, it
ingl vices ith functi that ensure that th . ,
b e S
Thfrasight) cohdirbi ahe depmiprarEstiTREYIVS 18R Wstidartireat tichetopping

ofehanalyardhesiaeifieronsrsysnrélae)kabanaibe RAUES IS dnd to
mfc_r}om the units (32, 35) that c¢ nsggpéali elrﬁctrlc | Mower. Consider a
m

Sitliater W TR PGS B) Ui RIRES HAPHE SERBMRIRMaHF i BEMS (2)
whidjh 2fconmpadiotehetpresentipr coattiondstate efthepandrstystemnby.
gdhendtiere g semesal options for the PMS (2) "he PMS (2) may start one
~ more_generator %v%’ fe) if there are available generators that are not

%ga Sled] &

running® THAPIISHE) prlyiSisRiE S Hemrereomalintiy dnsstial enmughat the
c@bmrrether pf 2 ihataansumes elegisteah poyves thet dais seddmw sradeem

Uspayver.cons ti . by a certain percentage or a specified amount
“of power. Thisﬁfga@al%gg%égoad shedding”, This load shedding may be

tempoP&y, MAdm#pHe ‘adeatiinsdiarAahEaie refeiidite shwemarstern (e,
| genetarpJndeaentient ihack-eulnREEN D) vactions iR dhadern Ol sower.
OGRS MR RL LI B RR NP3 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 (2):

The PMS (2) may start one more generator (1g, 1) if there are available
generators that are not running.
- The PMS (2) may signal fo a power consuming electrical unit (32, 25 or other)
that consumes electrical power that this unit must reduce its power
consumption, e.g. by a certain percentage or a specified amount of power. This is
called "load shedding”. This load shedding may be temporary, and may be
associated with the time required to start more generators. Independent black-out
prevention functions in the form of load shedding are often built into the DP system
(5) as well.
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(5) as well. AMEINDED SHE77 p The EMS (2) may decide to shut off the
power supply to a unit that consumes electncal power, This s Called "load
tripping". Load tripping ;;lay be an undesirable operation that may cause
severe problems. Still, load tripping may ultimately be necessary in some
situations in which the alternative may be break-down of the 5 electrical
power systems (I). The ?MS (2) will normally comprise a priority function

- with'the oN|edie 6 grRaE sRehN @ stimaanepsirpsipsiyutot deatansumes

elednits: DRigeneRns r@a@rretﬁrerwwemdﬁmauga@ tﬂ@d?r'@i‘rr%?@é%ﬁj undesirabie

5 eap%%%'t nd load tr will E} arily \i plied to units that are not
Peemed erifical 6 ﬁﬁe op fSud% gﬁ] ii‘??@)ﬂ‘fﬁﬂ%‘@%é@mﬁw\é%@

negrebieEmificrassasipletinonzsgsselsq0 tvithlwinative roampe bsatir-toatrisof the

elcdgRIANEE 10 18RRIy, SUpply large amounts of power into the electric
power network in addition, the generators may have a minimum amount

potiiet they-UpiyosnaiMRaTRIRS A iy Boekp T ith thestiesties of
grvrmr pﬂosm@eﬁw p@m@rséugpryamn@n/erlywamﬁ%aeaﬁ&%l %Iam'ﬁre power
Iso le ck-qut or som els (0) the electrical power,
dg@%@m ?%) @j%rvr(?1 S :frgl)t‘%)gss’eveed 'Inﬁﬁ%ep POV RIERRY Re peplied o
units)thed gharaifideepuder dipsidnT (EAPMFWEC& ibet\@*‘ﬁrfét(ﬁower engines

(1e@)nwgh&ézrrﬁ§wgiw§grag$é,%l%;r%rg%gmégg% %ﬂ%agfrrggggwer
CDTBR&[}?@& a second power, system (1 B% will have a set of second power

911555 (it SE0H e BRI REET U RRR S SGE8 AHde RicRer nto the
epoweroz@bust(fiobB)i,neiddThe niatigatiendiordhisais thak ibthedirstpomesunt of

& st ilable f
oo U esss darnien el il LSS e

eﬂ@é@am/%\wéwwrﬁ?cmmaim)smytaaewmm alsdisean tebladi-out.
withFopwerewisekes: (0) )tﬁmwr@l%ueﬁgﬁ@mm.ss(gmgeqpm%t%m

i de thﬂrtrjlgﬂ 50\\%% ge and b adv fﬁ%&us to connect 25 several
epenoi BOWEr Sys e % & RO B Hrdhwdidiave a

set/@frf g oo armrrrﬁaém&bw@n capa@mﬁndhrerﬁaﬂ wathientgadiiansdha gA)

andie-Breaksiashauldihe discanneciedyse Watthe ndepandsnt BQWELs <ocond

systems 1A 1B, ...) are operating se aratel so that It one power system
oowf%\erig@ 5%25&2’%%8%989@‘%‘ ica generators (1gB) and a second power

bus (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-swiiches (17) 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 (1A, 1R, ..} are
operating separately so that if one power system (1A, 1B, ...) breaks down due to a
failure situation like diesel engine break-down, generator break-down, or problems
with the power bus, then there is sill electrical power available from the other power

systems (1A, 1B, ...}, and a situation of a black ship is aveided. The tie-breakers (1
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failure situation like diesel engine break-down, generator break-down, or
oroblems 3G with the power bus, then there is still electrical power
available from the other power tltn. n 1 6 of a stock i 'he situation ship is
fie-breakers [1 1) AMENDED SHEET&O are controlled by the PMS (2),
The opening and closing of tie-breakers are critical operations', because

ar taef}%Pé}Eectig%orfggigon}nejgtion of two independent Power buses 3
“belong eéj Vs Farate fowereyaemag aIdcsing mbjecawekkigeranditical
opgepidnvapiationsitheurentanshvolage-omBedWomaNehauses: i thest e,
iations,i vojtage become tog large, then breakdown of ,
I e Sy § e T o st rapi
vangis, Bara iRat A RlRemAR hatwieroms ()dsdetigned sathabthein
curapening g sagmAldinbIakersde BRI LR Brealsdowns or ether
ind%ﬁgrgtlgpgglrggsuIa%tles, @F@st embodlg"lent of the invention. ISlgureez ’
iUstrates a firat ampodirbit ot the REEHESH In WAicR eavesbet Eimittrortant
tha{ oo SdAnisctedimreceivinthitistepelrive signaisIpg5eRSOrSL88): alo not
cacBlestdeal Jarystes Matars, (323 hhe }g&gﬁ%le‘%imulator (:00) comprised in

this first embodiment of the invention has simtlated actuators (3')
providing simulated forces 15 to a simulated vessel (0') giving simulated

Firsineaboréments {(H)x:frovagignlated sensors (8') like simulated position (1)
from a si iti ensor (81", simulated speed (72") froma
e S AR e

Simu
SIMYHG coRPaissceBRr e [T ecsinmulatestoedses (8 isislsoactedtpondsy at

clecalatedu s uihaNe es L KABMURAL MGG THIBICCAIERY in his firs
emgolré}%a%ngy\éﬁges{/m etc described in aseparate{ aragraph or this

specificatio T EHRIEG YELLEIRE PihacaR b b e seififiies siatidddroes
10 afgilréarnd desteb(Pkgving kinctisr o heesenranheMalfunGHIn ohA4edeensors
8" Malipetion of , cli a ballast pump, signal errors due
( >to electromag@égrﬁ u?b@ﬁ%@% éﬁght? éel‘fi%‘? i%%ré’gpﬁ?éﬁgi%rﬂa?ﬂ?%d

SPERFH OB ST EVEF GS IRSEREE RSN (B2 caimrapsss tbemd)g THR) 36m a

sim simtetiatecbmean e entsd) Bre iﬁﬂdfﬁﬁéw@e%%t@g%%@% (xdhay gd%:T%
sim &B@E?&F%ré% H&Ssr? %tﬂ{gséteru er}iv%s Yﬁsz, 3? to send real control signals |
5) to the actuators ?3 "RUHREI R PGt RORHRLHH S Red S0y s waves,
etc HRRECTEE Fenargie earaskph of this specification. The simulated vessel (0"
may also be subject to simulated failure modes (98" like malfunction of a sensor,
maifuncti‘cm, of & rudder, maifunction of a thruster, malfunction of a ballast pump,
signal errors due to electromagnetic disturbances, and the like. The real
measurements (7) from the sensors (8) are blocked from the conirol system (5). The
simulated measurements (7'} are fed into the control system (B) that is still connected
to the real thruster drives (32, 35) to send real controi signals (6) to the actuators (3).
Further, the input command devices (50) may be disconnected from the control
system (8) and a simulated input command device (509 may feed a series of
simulated input commands to the control system (5). Thus the command sysiem 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
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system (5) 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 30 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 AMENDED SHEET it the

vessel (0) j F otherwise simulated exceptifrom the response of the thruster

drive motors. in this manner a good lest of whether the power system (1)
éﬁzg’rb?ﬁﬂ@?ﬁé %Wgwammﬁ@wepum?fﬁmw@lmﬁ@@aé@ﬁ% bituster drive
raelyr © GBUIN G-t ed..The simulated conditions .
rpagl co%n rise known c%%%ﬁ?%@ %Q%éh%é’é)c i 87 &R othiran provide the
intardst n%?ggf%ﬁ@iwghé@ﬁ@ﬁ W YRfedl renbrd obubmponentdaitgesnditions may
SecoridieenbGtiment.ofthe doviention. g 34 : !
%?TL,QQQJ @PQE?%&@%J%@?%IO% The iseocr}%n% Ié eﬁnﬁ%ﬁ?&%ﬁ@@&%ﬁﬁ%ﬁ%ﬁ nd wave
of the first embodiment 0 thadnventaiiiig f e iRsrlg el grecssterentwonent
Ef@iHbeﬁﬂat the thruster motor drive sensor signals (78) being fed back to

the control system (5), and power management feedback signals (22)

f om, r}t&l%%ﬁwgr management system (2) being sent to the control system
' SHUSIBRERNMEYSTTOThe electrical power generator (1g) and

ona

the enfg“igectﬂe)wmm;m@e?@@hw@ﬁ@ﬁgm!%@?.dﬁfeﬁ%%tﬁ% to
i . Third e iment o invention. Fig, 4 illustrates
S e m‘g‘j‘?‘:@%“ g}qﬁ&‘ﬁp %‘?hﬁ 'SRBoRins e slisndiugrated in

g,thigd embodiment of the Inven
tHe firsD&ritiSaEDAE BribD dsiches thevar imFigsd BvansdsbERARENISMDbeing fod

28cntrehelemrenisdpstResinulagn,d simulation is
qndycted in the simu ator‘%_gog gir%}ﬁaﬁ%ﬁ%fg%iﬁggtvﬁ?veb%&g}%r@%‘f“?) from

?5') correjspono%grjnt% he' YEIT (R Eetast-eahiveninetsis @2, (Shpare PMS

ineriwsd imgl:@_é}mﬁﬁnag)i%mmum@emm (/asé; 8Rd fﬁé%%%)ﬁetﬁfe} driving

SR WeNYohsigna » ontr stem (5) as_ provided to the

real thrust%r drive méotors gé]‘,ﬁ?%g)&T ﬁe%%%u?ﬁ%’h%@frﬂfﬁﬂ@”ﬁ%tors 25

(32', 35" is measured by the simulated thruster drive sensors (88') and fed

Daok ¢ontthéicantrof systemsfjoon the feedback line (80). The simulated
drive mgtor ' re.in the simulator (100) simulated to physically
Qonneg't%fo m%ﬁﬁgﬂ%ﬁﬁd em oglmen% 01! t‘we invention. The third embodiment is
similar to the first and second embodiments shown in Figs. 2 and 3, but comprising

more elements in the simulator, thus more extensive simulation is conducted in the
simulator (100): Simulated electrical drive motors (32', 359 corresponding to the real
thruster electrical drive motors (32, 35) are inciuded in the simulator, the simulated
motors (32', 358" receiving the same control signals (8) from the control system (5) as
provided to the real thruster drive motors (32, 35). The status of the simulated motors
(32', 35') is measured by the simulated thruster drive sensors (88') and fed back to
the control system (5) on the feedback line (80"). The simulated drive motors (32,
35') are in the simulator (100) simulated to physically connect io the simuiate&
actuators (3') comprising the simulated thrusters (31" and simuiated propellers (34",
bu’t) additionally, the simulator (100) comprises a simulated power generator (1') with
a2 simulated power management system (2). Like the above mentioned embaodiments

of the invention, the simulator fransmits the simulated measurements {7 from the
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actuators (3') comprising the simulated thrusters (31') and simulated
propellers (34'), but additionally, the simulator (100) comprises a
simulated power generator (1) with 30 a simulated power management
system (2'). Like the above mentioned embodiments of the invention, the
simulator transmits the simulated measurements (7) from the AMENDED
SHEE"I ‘/esscLs.ir,a i.llatQr (100) baé€k tc the real control system (:7) that
continues t" send control signals (6) also to the real thruster drive motors
ves4<3nliand pm@e;r@m all tintheshetuatorsy@);ag i theivessel (o) epend

d b | all
coni SRR B e S e et

othillustratisra mnms e‘rti‘aomemﬁ&@r Yf%’@rwféfﬁﬁfo’hﬁgﬁ@hﬂﬁfﬁfﬁé?én’?‘ﬁﬁﬁﬁmtﬁém”

ent shewyin Ficsid the-differenee bsing that the real PMS
by % ab‘s’;é{%f]l‘g%e%rjjr{'rgnged tovgro)lwde réal PMS feedback signals (22) to the

control system (5), 10 the simulated PMS (2') not being connected to the
FoGentalisysiesn(D)y anditefetdiosimulate controlling the power production

internall 280K,
Sine ¢ R Rey ﬁjs‘%ﬁr%”&s#ﬁ%’ﬁ“ﬁﬁﬁé}iﬁ?gﬁ‘?féfgﬁé?ﬁai;ggigfm

thdhercéammﬁﬁ@ﬁ&ﬁé%&g@ () BeHitfainnes RS & S vt

W&?Fgr@d% Pké!ﬁ&%);mwwéé@m&) shoashingey anti¢hrosterssystem (5),
Consider a vessel (0 t.is powered by tri
e ST B S e FE e e G 8 ey en o

s:rzﬁlﬂ!%tbrm’ﬁms indethsep vafer moezm@ﬁm'igetexnzi el m‘ﬂa%é!s*uﬁ"f@rda bﬂﬂ@
s1m Qt%'rssﬁ P@ﬁ&%@%?&r'& h%aéom @tﬁé%mmt@egm desires!

eller pitch, or a desired shaft power fore uster (31 I
e BrMATETAE AR B VTS (16 GG S SPRAE ST
coRftehspstshafspower. Due to the fact that the thruster is electrically driven,
a change in shaft speed or shaft power for the thruster (31) will involve a
change in the electrical power consumed by the electrical thruster motor

PNB2)2)f tois@Ssyhtengéih eleeticanpaiel1esiR o a large increase in the
Conscﬁ'gﬁ etk %?U&%@%%di %‘é&ﬁ»@@ré@a&y&%ﬁmmbpw@rcﬁmenmmmm
under tne control ofth eﬁf)?wer ma[r}tagon r%?t’s St%ms%% S%hg %ugp—;ase

(3a)sehaditevitaperatiwis PERLH

refer to all of Figs. 1, 2, 3, 4 and 5. The control signals (), which may be in the form

of a desired shaft speed, desired propeller pitch, or a desired shaft power for each

thruster (31). ldeally, the thruster will aimost immediately provide the desired shaft
speed, propeller pitch, or shaft power. Due to the fact that the thruster is electrically

driven, a change in shaft speed or shaft power for the thruster (31) will involve a

change in the electrical power consumed by the electrical thruster motor (32). If this

change in electrical power leads to a large increase in the consumed electrical power
it may be that the electrical power system (1) under the control of the power
management system (2) must go through a sequence of operations possibly
involving one or more of load shedding, load tripping, closing and/or opening of tie-
breakers, and starting of engines (1e2, 1e3, ..) and other auxiliary machinery such as
pumps and compressors necessary o drive generators (1g2, 1g3, ..) that have been

inactive. After such a sequence of events, the power system (1) will be able to deliver
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involving one or more of load shedding, load tripping, closing and/or

opening of tie- breakers. and starting of engines (1e2, 1e3, ..) and other
auxiliarymachinery such as 30 pumps and compressors necessary to

drive generators (1 g2, 193, ..) that ; lave been inactive. After such a
sequence of events, the power system (1) will be able to deliver

AM,ENDE D SHEET Si the required electrical power to the thruster, (One
may %iv,egdif"ia inn situations i& V\J{hichthe gemanded increase in thruster
DSWEH L FEtRSEEAIPBERSWER EBHERNSisIe Y b sielvagimsitgtations in
wiiightaeothrengeasraeweuild heteguiesdoistathepshihihe seguied

in.electri er thruster (31) is large :and 5 rapid, there
e B S WS e puE Bigeo o

ﬁ%a@érmﬁ SyeturAq 2hanay iioelrstoapbbieer rovieingterreitedarge and
mmelzha@snm@%ﬁ&%ﬁ%@ﬁﬁ%@ﬁ&%&@%ﬁ)&%m HT)%RE‘? the power

7%stem ogelg]atioin, Tr@ operator will usually receive warnings and alarm ‘
oA s Thake Sierveias i ante pRRPie Bheratisine e sadser ywer. This
Thrustee drivical edisseb(0) poveeiathaitbeete ctiicBIMeiNe(32) EriMam. The
SpuistersBLbisgonsidsred A fuy 5.3.spegial kind,of propeller

unit for marine veﬁéels in Wﬁﬁﬁ%ﬁﬁ%%@%@%r}r&ﬁ%ﬂ%ﬁé‘&a&(ﬁ E@?{g{ﬁfﬂl@n and
RIfR AR PRIAHEDN o diRt/amse!dRection of 5 the thruster, which is in the

direction of the thrust provided by the thruster, may for some thrusters be

] out a mainly vertical axis. Such thrusters are called azimuth
‘{ﬁﬁgg%rg% ﬁ#Etly, a thruster (31) with fixed direction will be discussed. A

thrusté}r\@;%eirf@ywmém'éﬂ elsgonwprising (98 subsystenstdrbes1) is
dorarteredrivemotes (32) 20d SRS KSR, THE HYHSLMI Bl i

c.o.ng{ri‘ses the [E%o eller blades and the propeller sha ruster,

WIHTERS e llT O PO RTG S R Bb\RHES NtAritn b REclbpttiewdiearction of

tvhimiubie prepieteis shaffier diatesorT betitier tstusn b (SAdvdlbgivesan thsest may for
f thruster drive comprises the

%ﬁ%’iﬁi‘g%%%?ﬁ;ﬁ?ﬂ%%@% e S AR S S e e

SHHUBRRSIS Software, The input signal (61) to the thruster will typically

be therdesiredishafteaneeslwith fixed direction will be discussed. A thruster (31)
may be regarded as comprising two subsystems: The thruster drive motor (32) and
the thrust unit (31). The thrust unit (31) comprises the propeller blades and the
propeiler shatft of the thruster, which is the part of the thruster that provides a thrust
force on the water when the propeller shaft rotates. The thrust unit (31) will give a
thrust force that depends on the shaft speed. The thruster drive comprises the motor
(32) that drives the propelier shaft and the associated electronics and controf
software. The input signal (61) to the thruster will typically be the desired shaft speed
but in some cases it may be the shaft power. The eiectronics and the canirol
software of the thruster drive motor (32) will then control the eleciric motor (32) of the
thruster drive motor (31) with the objective of achieving the desired shaft speed. To
achieve the desired values for shaft speed for the thruster (31), the thruster motor
(32} will require an adeguate electrical power supply from the electrical power system

1 i § { 4 7
(1) that is controlied by the power management system (2).

AMENDED SHEET



[

(W)

but in some cases it may be the shaft power. The electronic- and the
control software of the thruster drive motor (32) will then control the
electric motor (32) of the thruster drive motor (31) with the objective of
achieving the desired shaft speed. To achieve the desired values for shaft
speed for the thruster (31), the thrustermotor 3u (32) will require an
adequate electrical power supply from the electrical power system 1) that
is contreediby:ie; Jpapa t system.(2). AMENDED SHEET t
escrip_Ftlii}oﬁrg&j) \%@mics“éfg ﬁ{ggﬁpﬂ%ﬁ?i ‘i@’e@ﬁ"iﬁ‘wm with

Zt In the des I
SWIRMIYi (%mj?;%sib’ﬁﬁ IS8 REIREg &0 dstor thestriethrubrihnistas Bid@Bidation of

winmruia
Neorpiinatiemer Tinofssibsyséomsimiaarfish is the thruster drive
sthat is given the desired ;qfts ed as th?%?\%%t sigénltg\,agﬁ thaR Wiff desired
control the electric mo?égﬁz)agfﬂﬁ@tWi@é%@@éﬁﬁ@‘ﬁ@&me&sb’mp of the
d@ﬁg&& M&Bw@m@@zﬁmsmmm@aﬁ mﬁ%@éﬁ%@%ﬂé@%ﬁﬁer a
ceufficient PR 4SSHR power system (1), The secon
cSuhsyst rg%\{the.thg%stﬁitf%? %Ez"‘"i 3%}?%#%}/ g’ rJ‘s1 fBRYECAS WiBRCtion The
of the shatt speed hEHebHafafofrirEctiesiy thand funisgotthe:BR of
theowitedt speesin (5) is 10 that the thruster drive system (31) will drive the

shaft : ' lye .immediately, that is, with zero settling
et s i s e
e e
coflye. and it ma  be necessar 'to, accd%r%t @gtﬁ@ %ﬁh%%gs%?igf‘tﬁ@wp
15 coritro sy@erﬁ%%?ﬁr?%ﬁfﬁ tilaf tHE PO GRRbEalstenihGmayeterte
syFé%%ia‘é% véiiRas (S’@)lﬁf@@ﬁftﬁegsm @88%%%@%5#@9@%@_@98%@@% the
desysie Wainal sngasH; wer consumption, and In addition
sofie.PP control s steé‘r\%is(Sq‘Tr&n%B&re li%lgea ggé@%éﬁ’(rﬁdﬁéﬂ’sﬁ(?ﬂ%@ﬂ fiéhe DP
poweP/ %Sﬁ‘agén@ﬁ?% Egﬁ" nF3etisbeys{@tiEl measwee the tale

Sigstthd Fb\irmrmnagesTea; by sierhidn m@%%}&ﬁ{%ﬁ%"%ta}ﬁ% sure
shifeaysoay upHogieal gl o1 i owet sysem (1), Wit suchecfi
oSignals (22), the DP control system _ SfuSirevairus smiitpead

%‘ﬁgﬁ REIBSYIane é@ﬁr@méﬁmmemﬁt@@@&@%ﬁ sensors -
(®)poatensysteentit)smnobi avereasdn AL g seting ime of the -
voﬁgﬂé?tﬁé&ﬁ'é/ﬁc? a&%‘?&g@aq g}%%g %?tﬁlwg power system (1). Wityh such feedback
signals (22), the DP control system (5) may adjust the desired shaft speed signals
{62) that are sent to the thruster drive motors (32) so that the power system (1) is not
overioaded, and so that the settling time of the thruster drive is taken into ac;ounf: in
the DP controf system (5) when there are rapid variations in desired shatt speed

The existence of feedbaci signals (78) from the thruster drive system (32}, to

the DP system (5), and feedback signals (22) from the bower management syste;m
(2) to the DP control system (8) is useful as indicated above, but it has the potentiaj
of introducing unforeseen stability probiems that may lead to undesired oscillations in
electrical power and thrust force, and it may even lead to load tripping and even
black-outs in severe cases. |
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the OP control system (5) when there are rapid variations in desired shaft

speed. 25 The existence of feedback signals (78) from the thruster drive

system (32) to the DF system (5), and feedback signals (22) from the

Power management system (2) to the Dg control system (5) is useful as
indicated above, but it has the potential % introducing unforeseen stability

proble t may, lead to undesired oscillations in electrical power and

thrust %%g?;%% (ﬁt %}%@o K& %ﬁBQ@%ﬁéﬁﬁfﬁﬁ%f ahdl icVerOintackeontsdn

Se0re Lises) AMENDED SHEETILS iBecausealitis pRteplaliprablems, . i s
ingloman Bl SO e g R e D e, e e Py
mana%i;;,?engg) and the thruster drive it 1a - INTPoRARE 70 Yt &R temhatrwer

A MRS (onbiRdbrsy e drivan DRIgeYepoweh tmsitagemeant (2 afe in o
thidestengisivespiatpoyves airhiestingberlshhe dang ina uide range of
gperating %%@ﬂ%ia‘ ns in terms of r%%%irational g%deg, @%‘aﬁ”r’%?%%tu%‘ﬁ%ﬂ%ﬁf situations,
sea-states and aHurg Mmodes, 6 BSEHS TRBRIRSIV Y Tohadequate for the
HieHiaRS focthesiaiming eleuctitastmineg RRINAHE SBABAGHYAIROU o of

soFiesiseshanadificatien of software and hardware. 10 Alternative
propulsion configurations in one alternative thrust configuration an

azimuth thruster (32) is used. Then the thruster drive system will include
Adteezaiutip mptdri¢B6)dhed upiates the thruster direction by an azimuth

angle . tical axis, and the associated electronics and control

syste ri? %%g'ﬁ{gég ré{l;%(é(téiznrg %ﬁg ?ﬂ%&?ﬂ&@%ﬁﬁ’é’ﬁﬁ@ﬁéﬁé%@@h@med . Then
BSiHRTHRTBNEIY D FHsécnmll nieckomn zthistbasette 36) W SIGRRIEGERL R ruster
dinectaziraytarteusien WiHbeo Ayl ired shaft speed and the ,
Slesired azimuth_angle. 'Iéhe_ %@?ﬁﬁ%@%ﬁgﬁ%&% r?fgc(ﬁ e YHaipdsirdronics
to the desired %Hﬁggpe’%ﬁ dRefonmbine thingtttecand theilldmmiral thethe
aFiroste cagimoffthe dtomss disstaicthe ndh%ﬁﬁé%&%;@ﬂ%@ﬁié?@éﬁ ghout
thevgytisalaxi j inthe desired 20 azimuth angle aftef a_

ase 0 setﬁﬁ?ﬁﬁngsﬁtﬁgﬁaﬁéﬂ% f(raerﬁaft}i[’\?gt HIGSE iR AARsiraseazimuth
aaﬁfﬁ-e 18P YR, ariaidD BR AP piob et Sremedeitable pilcheanglas speed
aftrthe propeiligiads e ihisineeob BeReles e MMSHASE M L 0 e

aft speed and the pitch angle of the
ofeRsad 9nibe shalhsp SGIE BEoUFtRE Veriodl axis 16 be directed in the desired

- azimuth angle after g second settling time,

In a second alternative thrust configuration the propeiler may be a variable-
pitch propeller that has variable pitch angles for the propeller blades. In this type of
propeller the thrust force will depend on the shaft speed and the pitch angle of the
propeller blades. in this case the thruster drive system includes a motor that adjusts
the pitch angles of the propeller blades. The input signals to the thruster drive svstem
are then the desired shaft speed and the desired pitch angie of the propeller blades.
The thruster drive will then control the shaft speed to the desired shaft speed after a
first setiling time, and it will control the pitch angles of the propeller blades to the
desired pitch angles of the propeller blades after a second settling time.

in a third alternative thrust configuration there will be one or more

it

mechanically driven propeilers that e e dri ; ‘ , _
proy t ach are driven by a diesel engine, possibly with

AMENDED SHEET



L

10

ot
h

]
32

30

propeller blades. in this case the thruster drive system includes a motor
that adjusts 25 the pitch angles of the propeller blades. The input signals
to the thruster drive system are then the desired shaft speed and the
desired pitch angle of the propeller blades. The thruster drive will then
control the shaft speed to the desired ghaft speed after a first settling
time, and it will control the pitch angles of the propeller blades to the

= ndfsliRg pisbranaies RGibe igpeleLRiades afleLa seeond setling fime,,

30 in a third alternative thrust configuration there will bé one 0
clegicah Ty dribshsspliriEie catresesiaver Bea disstahginide the
diesuesibiyasit tAMEMRERCSINERT e irdpuliespavehEapamissigny a0 dd e

ne o, more electrical thruster-, driven by _electrical mators, In this case
el R Sy Do G e BXEETWAY T Ge e thasireryiey granals

ruster drive s

the tirsimpeckaiicalisedeivenher opeflelsranththestirasteitchives ek thev alieetkicskch
darsiersd e theuster di f illhave as input signals
Wé.s the desired shaft ?&%ﬁﬁ%ﬁ%ﬁg&%ﬁ}e‘?ﬁg %ﬁfg&#g *’fﬁ%ﬁ analé.’ss,w %%85
drivganaisg sitdhe preirsierd Hise tie desiregiaeimitith axgtee of the tuzimigthdrive
systmustersnifdierts rm&rs;(;‘]kﬁb'@ssﬂ:sh m;fg&m vesissl Mﬂﬁtﬁ%l éf:.%ﬁri]&fed settling
i 8N « I the thruster. drive .system to control the shaft
tzmegr,)g{é%ﬁsﬁ%gﬁ;%ﬁfégiég \?a?efgégﬁ(?t\ﬁatiﬁg RSP ERiHG Y AR gHE S RN
the gAgledsnaeeisirideniied vallaheiikdbeiased Gettimgaiiiies tamsk 10 the

azimuth angles to the desired values with the associated settling times. i
—._he motion of a vessel (0) and the simulation of this motion The motion of a
*hev”é8§8P<65 ?svggggfi%iéﬂ‘ﬁ?g’?n%raﬁﬁtéo{?e%ﬁﬂﬁ Bt Vessel (0) in surge,

swaheanmgeavé abytsel Rositiareatitheccerntatnf o1ans \ansthy sNG8S fsel (0)
in st dptehandyaw, seq.FHgcfoA el (Q) will.be exposed to forces.

a%méd mo?nd%lents that nfiueﬁces#hg rﬁot%ﬁhac%f%ég?%g@? Oy fhés fSPé;i@S in roll,

PICT ARTYBeES ale-dud e ettt hemPwrRacd n émcand arhussfrom that
influteesthefaotimtarsi(d)Jia aropetierssd 34k 4B rastersdathang augders,

- [atic correspond to spring force action due to
o e SBLiear T e AL Py rpmeers
(G4)1heas el BT TBILIGED hiroeldBRiatia octeraiion ahraenesseb )ing
forc& QEges ane remeiRts alpshopiNerRebRldePanLaDdhs esss!

o B R R I BUVO S 06356) oy FPRorses oy anp

, B
(0). (Oyehe grometneofhisshalll on a vessel (0) depend on the vessel motion,
whereas the motion of the vessel can be seen as a consequence of the forces and
moments that act on the vessel (0). For a vessel or ship (0) the geometry of the huil,
the mass and the mass distribution will be known. In addition estimates of the
hydrodynamic parameters of the vessel (0) will be known. When the motion of the
vessel (0} is given, then forces and moments that act on said vessels (0) can be
caiculated in a simulator, for example by use of an algorithm. The acceleration and
angular acceleration of the vessel {0) may then be calculated from the equations of
motion for the vessel (0), which are found from Newton's and Euiers laws. Such
equations of motion are described in textbooks. In the equations of motion the

following parameters appear:
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the mass and the mass distribution will be known. in addition estimates of
the 2. hydrodynamic parameters of the vessel (0, will be known. 'When the
motion of the vessel (G) is given, then forces and moments that act on
said vessels (0) can be calculated in a simulator, for example by use of
an algorithm. The acceleration and anglillfar acceleration of the vessel (0)
may then be calculated from the equations of motion for the vessel (0),
W?@v@%é?%%r%@ Newton's and Euler's laws. Such 30 equations of
motion are describad in textbooks. in the equations of motion the

foliswirRiliparifiaaerdppelanAMENDED SHEE 17 T is vessel (0) mass,
theepesiiimalithe canter of mﬁ@%nt@e position of the center of buoyancy,

ﬂ%ﬁ moments of inertia of the vessel 0); the hull geometry, including
iength CHEANT & dEriR Ohis ya5 R added mass, - hydrodynamic
piitentid] gamping, indlistingsatrmpingsmpaamelgrs related to restoring

_f(p}rﬁ%mm% 881% E}Qge hull due to motion in 10 heave, pitch and roll,
- parameters relating the amplitude, frequency and direction of wave

cOYRpEHERE e PRl tisnepiotes and moments on the hull. - Moreover,
thesesiuatianmppignotion include mathematical models for actuator forces
_frorp %ré)toeller? ?s a function of the propellers peed and pitch, forces from
ridders 58° 13 AIeHET SR Bk RicRicR A Fe et h e dus Sl phettambtion in
tervies fitwn #mdistéirs as a function of the thruster speed and direction. The
followving to_compute the motion of a vessel (0, 0')

oBver a tj?n?éo%%?gﬁ/(gl i(fi%nrﬁpﬁp *t@e ﬁpﬁl:?%g%%%foggalg;ﬁﬁtéaﬁ8ﬁ8’ﬁ\fﬁ fignponents to

eLEaH (D PISHR RN gTEsAlEAife Métant TO, and the forces and

-rivemeents: atesaiciited af HusiSMAdRENh R ASEElpIAIqRansl angular
f%‘?-ﬁ%%sg%‘:ss of thefves§el (g (?)‘2) at time To can then be cc?r%!pgf%c? ?rgr%%or forces
e P as a funchion ‘of the propeller speed and pitch, forces from rudders as
a function of the rudder angle and the vessel speed, and forces from thrusters as a
function of the thruster speed and direction.

The following procedure can be used to compute the motion of a vessel (0, 0') over a
time interval from Ty to Ty

Suppose that the motion of the vessel (G, 0" is given at the initial time instant 7O, and
the forces and moments are calculated at this time instant. The acceleration and
angular accelerations of the vessel (0, 0" at time Ty 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 (0, 0) at time T4=Ty+h, where h is the
time step Qf the integration algorithm. For a vessel (0, 0') the time step h will typically
be in the range 0.1 — 1 5. When the motion of the vessel (0, ') at time Tiis
computed, the forces and moments at time T4 can be computed, and the acceleration
and angular acceleration at T are found from the equations of motion. Again, using
numericai integration the motion of the vessel (0, 0% at time To=Ty+h is coemputed.
This procedure can be repeated at each time instant Ty=To+h*K uniil time Tnis

reached.
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equations of motion for the vessel (0, 0). Then numerical integration
algorithms can be used to calculate the motion of the vessel (0, 0) at time
T1=Tu+h, where h is the 2 time step of the integration algorithm.For a
vessel (0, 0') the time step h will typically be in the range 0.1 -1 s. When
the motion of the vessel (0, 0') at tim ng is computed, the forces and
moments at time T; can be computed, and the acceleration and angular
accgleration at Ti are found from the equations of motion. Again, using
numéfichf it dratisR: fie MGHSH oF e VB SES e oB A tima R oT e s
corcpnnguitedvid<d bisspraceduregarcheitepentechrig achytinesiastantve with a
‘ =To+hK until time TN.i d DED 31-1EET 1 6 .The waves
o e L Rl S R e
distjjpdierbpbaniduesrape nELSTR S ipLISG devB prreshen iw Ak hethiven by
knc@imendieaieRey, AmRHEIde MO direstiont ot given)AcAlIaak 88RO the

prevalent distribution of amplitude and freguency of the wave

WaS RSSHES W e GER By '8 KHBWPIave ShusRI ket SRV IR rsyiting

fordestiidispecteaisneingtbe thtensityedl the")wdll e spetitativisof the amplitude,
i i ter f ignifi | he resulti

o G SRR B rgeser 0
ForgaftlsdB gy é@ﬁﬂgawé%%ﬁ%%@wawsﬁw oWving Jisrstioy avepsel
(0) celrse eiihenvaserbiBd Besaas anshmesmenisSravavidswill hemaiendy
funCv:\giind SP{%%d\; wind, %E?gCti%]a%{\?g gl %g &Ql)‘ (yg&ocj; and the projected area

6t the vesser (0) above the sea SR M EGRERERTSFHSS 988 BrRRrE: from
curieldtivd bs tiganing dieeetioanForeed. andrent dieett drofhecomentiedlbbes of the
huli%\‘@@%é%&%ﬁ%tcépgﬁg'WE%QES%%%Q@%%%%QQ{&%

he

R hull under the sea surface, and by the vessel velocity and course relative

CUrgg A ReliPEnt direction. Dynamic positioning - OP in dynamic positioning,
so-,called OF, the vessel (0) is controlled in three degrees of freedom

Dyﬁ%gbmqg@@g!@osition 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

20 EbMIMEMIF RSALOBPEotitr6Riathél (s8)e Kessmir D sipstenir@ier nsber
degreapoiterdaeore QLICT aptualesferc s dnidha s UraR-ANE RIVAY BRGNS given
as i%Bgtghﬁo%tgr?%);gerpa%nr%nsting 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 (0) achieves the desired position and course.
The control system (5) aiso inciudes actuator aillocation, 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
addition the algorithm includes an allocation module where propeller forces, rudder

forces and thruster forces are computed. The position and heading are measured by
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about the yaw axis so that the vessel (0) 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 25 the commanded actuator forces and
moments. The control system (5) is imglemented 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
‘*’(ﬁ SitioN I COURSEMARTY & D SIS i6f Hvie ity alywrithrygempuiestberansponders
arcedrunagbaciuater $8ECeSANGLBAMeNLS K ] -and found in '
alEXipeoks, In.30 addition the ?Igfgrithm,ﬁwi%ggrgggﬁ%%z%%ﬁ%ﬁ l]’l‘aénﬁer“f and
where propelier forcee rudlgh FSELYERANRR Rienforeas e do mparded.
The position and heading are measured by AMENDED S;-HEET DUDS
JoPENFOESsgpcompasses, hyar;o-acoustic sensor systems where
trangponders are arranged on the sea floor, laser- of radar-based position
referaHie SERIBR A EhEMURR IR RS SYRts@IHE)incinatiterob mbeawirevithin DP
sydieensaS (hexsept tlostrifraaasi e siidyRiicl S¥Rtem Qré%/cﬁlmsrﬁésuauy
mg%irtp{h%g%éygéz@s ég})ﬂ and often embedded within OF systems (5), ~
““except that There is Mo poLHBNYEE B RR! FRehAsRIMAnhEmgaiude with the
IoygBSitiot- fifesye syl (G by dmmiadinpadotaidtiarstigiseetionaitnanagement
sydnagaitpde, withdhetHe sk ly.on thrusters, power
Syssfg%ehﬁ I%]g and ﬁéﬁmr?ﬁ%&%ﬁﬁ%@%ﬁ%@ ﬂ]]seitgb%}? tHE Lysiiek
YSvay Al EP LERUST g aHIe TR SRas i sapk o futstienmap dlsorinelusteion for
wirgLitomratiertidadiag =control functions and compensation for wind or
current forces. Short figure captions 15 Prior art is illustrated in a block
diagram shown in Fig. | with a control system (5) receiving input
Sheg RESHHca corresponding input command device and

measisementsilisraia-ralesl RRSHREAIRIGNGR RERROTS (f The coptrol,
) %gg?% ?P] \{j\,p%h nr%%ﬁé)ce a Q]ngnamm positioning system, sends control

signals (6) t% TSI TR JBR r LRTRSIINehicRoresy Ramshilrvicaithd
MeBRIEAAFfidEa Tasuitilical 20 eljinamitovessebbabadann sensed sl siem
(5)saneore-) 6od egnsing: Dessentin Sysiem (BhR teagt uther, The
Qlegtcr:xu?gtorssés% gre provided with elecétf%c;/a en’e_%})) ?Q%mg%owaé%i@rg%or
Wit POWEY ENGIRR B BoLRErivecss wartinrs aBh ademgiferies result in a
dynamic vessel behaviour sensed by said sensors (8) and causing the controi
system (§) to react further. The actuators (3) are provided with electrical energy from
a power generator with a power engine on-board. The power generator and engine is
controlled by a power management system (2.

The invention is illustrated in the attached Figs. Il to 5. The drawings are

meant for illustrating the invention, and shall not be construed to limit the scope of

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

Power Management Systems (PMS) (2) in combination with Dynamic Positioning
Systems (DP) (5)
The most problematic phenomenon for a PMS (2) and power system (1) is the

sirranes AF Inrma ane eeed el "oy ; H HEE
occurrence of large and rapidly varying power fluctuations in the electrical power
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controlled by a power management system (2), The invention is illustrated

in the attached Figs. li to 5. The drawings are 25 meant for illustrating the

invention, and shall not be construed to limit the scope of the invention,

which shall be limited by the attacheq claims only. Power Management

Systems (PMS) (2) in combination W|t?1 Dynamic Positioning Systems

. %OF 5% 30 The most problematic phenomenon fora PMS (2) and power
VSt () B R Yo e oHARGE SRYPARIART 93FsiRG pewertially
protflectiations!imthe eiectsicaveaviepidy ENWn@ME%&Oa@d%@E@%@m&p
Greas re potenti II roblem

e e o R ae M B st i
POWROTeB SEMISEIEN deaTandicarmiy eetigdd lyae largeeand sinttignsts under

DpP W@@@% afrthe - M@@@ﬁ@ﬁ(@%ﬁti‘s@ﬁ!let%ﬁ%m&ﬂ'ﬂ?im@x%%é&@{gﬁlgoraw

s Ves.or ng‘lﬁﬂits u er ? {) ratlon oras a Consequence of som
loss D oSO PE I F AR (A PR BAST SRS PBURIb A o Weeipig i Eesse!
(0) tbmmrr@wmwmmmmmﬁ athnistesrinralvestet (@)dinad sheaBiBEstics

and H@%Prﬁé%@esé@%ﬁ%@ %ﬁel‘?hfgdgﬂ%%%g%%% %hargﬁte%s;ﬁrﬁér%fe% VS

o performance of the CA his means that the per
<) f@M@V@S@H QN%'@%&*%G}Twah@éé%ﬁ%ﬁﬂm@?@gl lfrpRM\@ilatehend the DP
%ystétfqlggly on the DR system (5). A block diagram is shown in Figure 1 of a

DIP R 8¥s %% |n its ¢ eratlve tate on a vessel #8) with electrically
powere%Ftﬁ t%%' 9B LontFsre SPJ% 0 (BhirdisirpriRtie wate
on atiesgrListewEystiantr! mﬂé}!tl@m&wﬁéybtema&pﬁmiéﬁ byrthei @e@m%) sends
somﬁg\y@rn%t g‘tcﬂ%é/‘fm%@t@ w&é%%mmes%%}% %@Wg Jine
ac S|gn

and 15 RIMS (2). The DP control system (5) receive
slecig W@’l\ﬁ%s 25%61 %H%E”Frfé’BW%Wtﬁﬂfﬁwiéﬁw%jhﬁdv%w]@ﬂut@r@@meIand
PM&@maTswea))wmbnhei@bﬁmws;fram@@gepatﬁmw&tg@é@&ﬁmﬂweaﬂml
t I ft e Iectrlc ower S 1), This is
that E@%%@%ﬂ@e@%ﬁ?gﬁgﬁg& § g\%gﬁsleocrcl R Fy§é E%é %5'!9 é@&ﬂ\(‘a of

avoigifyg pateniad Y thiametisnbnaioss HiRl PRISYRY vatfadnplicdtie

elecBistepas/iky ey logicalcanditions x%‘?é’rfé&ec@%%%ﬁﬁw% R ntion
eed 1%/ck |nterHSBnne%g%n(g)orgetgaeu%ower 11 and PMS (2) to the JP

func non% méiiués S he marine automai:on and PMS (2) are
complicated svs’tems with many logical conditions and rule-based control, the
feedback interconnection from the power (1) and PMS {2) to the DP control system
(5) wiil be difficult to analyze, and it may therefore cause unforeseen stability
problems that may lead to undesired events like unacceptable power variations or a

power black-out.

Testing of PMS (1) for vessel (0) with DP.

A PMS (2) is a complex system, and the successful operation of the PMS(2) is
critical for the operation of a vessel (0) with electrically driven thrusters and
propellers. This clearly introduces the need for extensive testing of the function a
PMS (2). With presently availabie test systems the PMS (2) may be tested at the

facilities of the manufacturer of the PMS (2) in a FAT test (Factory Acceptance Test),
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(5) will be difficult to analyze, and it may therefore cause unforeseen
stability problems that may lead to undesired events like unacceptable
power variations or a power black-out. 25 Testing of FMS (1) for vessel
(0) with DP. A PMS (2) is a complex system, and the successful operation
of the PMS(2) is critical for the operation,of a vessel (0) with electrically
driven thrusters and propellers. T his clearly introduces the need for

€. lve testing of the function a $0 PMS (2). With presently available

tg‘i‘i’gt8 2§£¥§f@%§#’§%§ Q%C’r%’%i%% Yestsy & e Fadimesdethehas been instalied.

mm{éﬁg @éj gg_f?gg(m Wif}gw WWW?%-)E‘?%?HM@%HCS of

- : n-hoar  vesse in

sea-trials aiftre? it hasabeerrllﬁif@?gn%&{ef}cﬁﬁg?/sér.ntﬁg %@@@frﬁ%ﬁ@@ﬁr LPmaver

(GAMPEEEERE o PBRlite eRdhcusiatcssotomieqiartioultrpdWwerstem (5) wil

T&W(ﬂjﬁmwamﬂmﬁﬁ&dﬂéf@&% j tr%@@é@b!e%?e%bgg\g?t{h{g%%m%%&mufd be
0 ruster controlled by the DP system (5) wi e

e T b e asta e ol M (e fumcior

@' IdVBE N e Y RINC Brabrrition withthecDRespstervs(BInese il er, such

RIB( 2Rl uAetions BraRRs s ing the required power to the
DP lsg/grgem é{% MOre%’vgr‘?ﬁ%‘?ﬁ%ﬁ%ﬁ%&%@%&g%%%ﬁ%ag?laiaiffer ent
SBaratihg cONRHIHSHHENTS, Witk aifcrantos 48 sttkacuifforel®) daitents and

different searsoo(8)ans actuator (3) failures, and 10 different operator
errors.tHais; impli t ing.of 3, PMS (2) as a separate unit in a »

FAT test at the facilities o anufactur

DfrleriiifemAdaniBriue giess si4pe OSB! () uietetrials afigfion it is

s begndnstalted omboaydriheavesteb): HRWeKeE 10 Make & board the
g@égglyd %118&,%6‘35'[ pf thekPMS (g and DP system 15 (5) in conditions
thatare fc") be expected. it Woulld BERYIESUSHE {554t for GMS $8krnd DP system

Wediranebinnecnatand tebestaeactadt inecexpeetetdedbErjaly WERYB O to seek
ioaweisfeni erdariyaveke-sivialions thay caylothe expected | certain errors
ch Situa

occurred, Fut that would be dangerous if such ions GCEFay: or to wait for
AcSIdERIANT ST HE s deaticnt it WIemaeischié coreitersaraserioptiohdthat
@Qp@bbﬁh@mwe{maommmma&uammmdilé@zﬂ@éiﬁﬁﬂ?&iﬂﬁ;ﬁ&@@&éa%n_ It will

%@W%@%HQB@&?@& E%%e%ﬂ[‘)% %%Bgsoé %?{ét«%“ség? \ 'ﬁ’%? extreme situations, like
damaging engines or generators, in order to check if the control system (8) gives
control signais (8) for correct compensation of the error. Such kind of tests will
normally not be conducted.

Prior Art: Closed loop DP control system HIL-testing

Figure 1 shows a block diagram of a DP system (5) in its operative state. The
inputs to the DP control system (5) are sensor signals (7) from position reference
sensors (81) and other sensors (8), feedback signals from the marine automation
and PMS (2), and input commands from input command devices. The outputs from
the DF system (5) are control signals (6) to the actuators (3), which includes
propellers and / or thrusters,
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control signals (5) for correct compensation of the error. Such kind of tests
will normally not be conducted. Prior Art: Closed loop DP control system
HIL-testing 25 Figure '. shows a block diagram of a DP system (5) in its
operative state. Tlie inputs to the DP control system (5) are sensor
signals (7) from position reference .sensors (81) and other sensors (8),
feedback signals from the marine automation and PMS (2), and input

commangls-drom inpiiseenemand devices Fhe-9uters S1omthe RBq

system (5) are control signals (6) to the actuators (3), which includes 30
o T A P B SNRENTRS1S) T3 o oATHIRG0s RD). This ype
of ihasirateticiiohatiDRredntiv: systers(Bil ¢4h testesied dynamicaily (100)
A CARROrd] iQn. i d leop, wi ' or, .. This Type
" of tes%g%g%b%%hﬂzg}éﬁyﬁ%nﬁﬁgeé%é fﬂ’e%t%@%%@eﬁé% r%' $(%}%%nscfr% Lﬁg%l’r
SYFHH0) in i Sdranaes) aR5E SANRAIBR ARSIRNE (A SvataimiRafed netionality, a
sindlisiebielectitahpOWeN O)Syske <7 with SEnuited 9T8sRRINGEference moduie

. agement system (2)? functiopality, a Simulated vessel module ((0°),
O S R R PR D R 5T ot et
acheniansimotiird(83spridOtev simeiatdattoroegiandiomeats¢hdo ak tren

calhg-simulates yessel{ SanshRsimulaiad Hﬂ%@%%%ﬁ)’ﬁ%ﬁ{ A2 18 thehp

calculated in real-time. In ordinary i-IlL testing of the prior art, the inputs to
CORYR SIS IR mtRIFSYETATES) SrRSShRALRIA (fe}i%@mgﬁaﬁwﬁa#%ﬂ fHg,and
posgmmlmqm@a arpnutmmgmagxmmmiﬁawmd@@&ammfdeme

A ' J nstityute a part of the

ey 1 b e attpct s e de O T e i o e
DFCoE stypse (&) 605 heptErbsieititd Bifid) e asaol o @rLiasdragivators
(3] mnétap“ﬁ@zhbmlﬂdjmm hﬂéctaﬁimg the eidp seNBolsigRals . $ ?%h 18 62) of

tk trol syst are not connected to the actuators (3) of the

vessel (0), a e'input'signals o ( '
e LR ST e SRR SPHHE P B6 RrA Sy (8] s A6E38hH{D)
anfrgis replpositios atleeddBesaiisbsss@n) thdiothet senmsoin(BYshhpdyitien

ref@fdille esHOG- Showm iiigide2uilkbesguite useful to test the DP system
(5) under a wide range of operating conditions in the form of sea states

and ' 96 WB&REF Lo lteRtlBAS QR 18r ZNTge’ AR yReT wimLre it titss e DP

sysgettii§ uptie a wide range of operating conditions in the form of sea states and
weather conditions, and for a wide range of failure situations by setting up the
relevant situation in the simulator. This is feasible due to the fact that it is possible to
develop detailed and accurate dynamic simulators of the vessel motion in response
to the actuator signals, and of the sensor signals (7) in response to the vessel
motion. In contrast to this it is not easy to develop accurate simulators for the power
system (1) and simulators (2') the PMS (2) because these systems are very complex
and difficult to modei in sufficient detail, and may include a large number of switching
elements with discontinuous outputs that make it difficuit to simuiate the PMS (2)
accurately with available methods and technology. This means that in this type of HIL
testing may not allow for a systematic and comprehensive testing of the functionality

and performance of the power system (1) and the PMS (2),
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relevant situation in the simulator, This is feasible due to the fact that it is

possible to develop detailed and accurate dynamic simulators of the

vessel motion in response to the actuator signals, and of the sensor

signals (7) in response to the vessel rggtion. in contrast to this it is not

easy to develop accurate simulators for'the power 25 system (1) and

simylators (2') the PMS (2) because these systems are very complex and

aitticlIEES Rdel i Sfide el SRS Ry Trietatiels atgenriGinier ofulated
seswichimgeielMents witndiseentinhoysoumpts hatmake fdificult o . o
poflubale MRFINMS (2) acciiately with TR —

technology.ﬁ'lglg’meansn}Hat i tA "&W?ﬁgst@gﬂh&%ﬁwtﬁﬂo%ﬂammﬁ
of i tdanbErlEreirpréh ensiventesting vhth@fuhatianationBangiuiated

acRertEMancGe fdheRwsy sy gr%ﬁﬂé%z and tg’é%irﬁ)qt%% ézvgtpﬁs'yl SR P control

SHEFET 23 in ordinary AlL testing, the inputs to control'sys
YT hr SHAUIRtSE SRRSSAR R Sehyaisr Bsplifaorasseiibssivly the inpuis of
thesTAftatetdigyetis irdindo simuiaies fREWRsARGINS (2 _ALSIBHIRIRG, o 1) and
otHBPLL comM@ands from the simulator, The outputs of the DP control syste

(5) are control signals (6) that are sent to simulated 5 actuators (3' in the

simulator. in ordinary HIL testing the outputs of the DP control system (5)

Deatgigtaircontectedeigitiie actuators (3) of the vessel (10" and the inputs of
Firéh%rgtp zagr%r I system SJgdo not come fror_n r_eal posmo_n refe_rencc_a
sfenso)r%8 %ﬁgﬁéﬁﬁ@ée I¥8brs (8). Description of the invention First
embddirfieheothiedimeshtibineThedint erebioditmest of the IDVRIMIRR IS = new
HillestiatesrBrigemeReldiandaR ol fealina.auangement Jrie
int testin og a system cvomﬁrlsmg of the following mté?conr%e% IR A
PPl Ef’eﬁ?(%?%fﬁ?uét FiRVeystema dhrusetritivel syptawerasy stentrigh]
powedsg pewd imandgepeni-systemd2)ehn ggss@p@r@gye state these modules
areigr{@r&%j éacﬁfgog WS g output signals of the OF; controlisystem (5)
are_the control sign%s (g1E %mt%%wg%% I Adir i%’ system. The
thruSR&r W oK rister £3z)tag Seshsondies srisrelditroalienermytsuppiieds (6, 62)
to thremnthe eleciicah pRWEISYyEEH 178 198k RO W is:sopimled by the
JRoner mﬁn%gcements stem &2) The thruster drive motor =~ " ™~
co s electical energy supplied from the electrical power system (1, 1g, 1e),
which is controlled by the power management system (2). The thruster drive motor
(32) system drives the thrust units (31) in the form of propellers with desired
commanded shaft speeds, pitch angles and azimuth angles, and in response to this
the thrust units (31) will set up propulsion forces that, taken together with disturbance
forces like wind and waves, drive the vessel {0) in motions of which surge, sway and
yaw are mare important in terms of dynamic positioning of the vessel(0). The motion
of the vessel is measured by position reference sensors (81), and the sensor signals
(7) from the position reference sensors (81) are inputs to the DP control system (5)
that in turn caiculates the appropriate thruster drive signals (6, 62) that will make the
vessel (0) achieve a desired specified motion in surge, sway and yaw.

The first, basic embodiment of the invention comprises the following steps:
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(32) system drives the thrust units (31) in the form of propellers with
desired commanded shaft speeds, pitch angles and azimuth angles, and
in response to this the thrust units (31) will set up propulsion forces that,
taken together with disturbance forces like wind and waves, drive the
vessel (0) in motions of which surge, sway and 25 yaw are more important

4n terms, Ot dynamic, positioni dhe vessel(Q). The motion of the vessel
is measured t?y %sliﬁo’r?& ?g@%ﬁr@é Senscore ’(é%] %ﬁ@%ﬁé@é%@ﬁ&bﬁ%l@y {ye
I Eha bEs B FefeterE BB (8t rd inputstortre@Bycontiplble thruster

sysiem (89) shasiinwAraaleaios %@@{@@{i&te thruster drive signals (n,
62) th%évj,y} rrlr}%k? he vessel (0) achieve a désired specified motion in
: y

surge, swaly and yAW ST fildEaRE(E bRituriieifier dhusmusition 32) are
‘@EﬁﬁS@?%@QUWW‘QSWMWP&DEMﬂ : tcﬁ%iﬁbﬂﬁé’@%é@@%@%m that
ItG i 1 . e the taruster drive
D B ol oo o e
SUBHESRS (BB VItIRGPRaSRS @rivie sicnTalsners)s Thitbtheogles diivieazimuith
ESINSD rs’fgmm67;89t@f mglfmeéqm iﬁ%%&f%%%iﬁ@él&é&% Sir?put
.signa at ..The simulator as an algotithm that
calcu:g?té%%frﬁﬂ%ﬁcﬁrg@%héns%uefﬁt@w\tf 18b Q‘?‘?‘?ﬁﬂ@ﬁd@éﬁ%@@ﬁé‘@ﬁdﬁﬁﬁf ences
sgnaees sfhtatealoulsteli (Opin fosptnseitothedhaftspradsspiteh 388185 signals
AndRZAaHsRdRRAE el r ignals_(78).input to the,
;s?;n%atg?é &QfThe S iﬁﬂﬂ%ﬁ%ﬁ%‘%ﬁ%@ﬁﬁ% %’i%r%l%ét@r))n%]oélﬁlre%’@’j%ﬁ
the'5GSitDn refGi¥RBES MRS IR (B CAdulateprrsalGiie the
" simulatedrpesitos sefaignats $éh§orrsig@aisﬁ?éh%éﬁ@@@i@:gs‘&éh)ﬁ’i ) are
A jon, (Q simulated disturbances (9') ~
T O (e A PO e SR tERe S hsrmenton

07 TRRthe BosibtrerbRasiio s dR iR 813 ianaislEdommeotad foomethe control

siepo(iiol system (5) during the operation of the invention, 15 and
nals (7') are input to the DP

e e e o R R .
(‘dveseissorsgedl§oma)eing disobtmitidoFramibgisgsteput 39, hiiBiaced by
treoftralisksiaRn (St and LeRiacsd Ynais (78" used as inputs to the DP control
system ().

The system according to the invention is arranged for testing whether said
control system (5) and said power management system (2) will function correctly
together and being fault tolerant, under said simulated sensor signals (7" and said
simulated disturbances (9'). The simulated disturbances (258" may be simulated
singie and muitiple failures in mechanical, electric and electronic equipment such as
sensors (8), actuators (3) and signal transmission. The testing of the system
according to the invention may comprise testing whether control system (5), the real
power system (1) and the power management system (2} provides fault tolerance to
said simulated singie and multiple failures in mechanical, electric and electronic

components.

AMENDED SHEET



U

10

s
Lh

20

the simulated thruster drive sensor signals (78'; used as inputs to the DP
control 20 system (5). The system according to the invention is arranged
for testing whether said control system (5) and said power management
system (2) will function correctly together and being fault tolerant, under
said simulated sensor signals (7") andsaid simulated disturbances (9).
The simulated disturbances (95') may be simulated 25 single and multiple
Seqangresipaivenhaldhe sleetieantélettronic equipment such as sensors

(8).1actuaters(Bhandisighakiransmiasionn The tessg}g of &%s&%% state is

according to the invention ma com rise teStIdr% whether control s ﬁstem

muge MRS 3500 RS UM e b ber I divagentiunicg snhgtthe
sysmovidelsxcﬂaulﬂmlemetm said i@ ddusinglesand shaltiplestaikiresvier

e I Qm ts ANMI;Z:ND EET
oo T A e L T e
ihﬂiﬁ@irﬁ%ﬁﬁéﬁ%ﬁe!@w@ﬁﬁz g bperative stalenis(Shuerithd\Sairrechedi genals
(gz\&lmmﬂpgmenmbﬁéuémwm@ﬁh@f%a&lf@ohhattﬁﬁmémﬁi%ﬂ%!Us%%m (5

thruster motor senso that measure eeds, power 5
T G S BT o R e BIGRt ighipvention
(78) from the thruster sensors are inputs to the DP control system (5),

hi[ﬁg@rﬁg\g&,@%}g%@ﬁéfmm@ !Er the power management system (2)

are inputs to the DP control s stem 5 The invention comprises the

sanfé B fird SRR HASIcE arfﬁe R ETRHESHRIRS 1D theeystem in its

opeaaibedimenobtherisveinion (Ad. s%bwmesﬂw@d;&mh@djmmdh% siight but
te the s stem in tive state is r %hh

st BR8P S oowin

siegfferences. The third embodiment of the invention comprises the following

« Sten%eT&ﬁ&Htﬁgﬁw&Q 2@'%%H%W%Wr&0§%%§g ??]%b(ﬁ ﬁ%}?ﬁ%ntro
S (0] e rus S as wi e
SRR S S GRSl s e B P pioesrte

empysliiemn(®), said output signals (6) comprising the control signals (62) to

= the Hiyuisiep ArYERYSIRIN o iR HRAdIHARIUSREm (5), said output signals (6)
comprising the control signals (82) 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. 4.

* The simulator {100) has a simulator moduie (32') with an algorithm that
calculates in reai time the simulated variables that describe the dynamics of the
simulated electrical drive motor (32') for the thruster (31'). Further, simulator modules
comprising simulated electrical power system (1"} and simuiated power management
system (2'), including the simulated shaft speeds, power consumption, pitch angles
and azimuth angles of the simuiated thruster (31").

* The vessel dynamics algorithm module in the simulator (100) calculates in real
fime the simulated variabies that describe the motion of the simulated vessel (0"} in
response to the simulated shaft speeds, pitch angles and azimuth angles, under

simulated disturbances (8') and possibly under simulated failure modes (95").

AMENDED SHEET
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20 as real input control signals (62) to the simulated drive motors (32') in
the simulator (100), please see Fig. 4. 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 simulated electrical
drive motor (32') for the thruster (31"). Barther, simulator modules 25
comprising simulated electrical power system (1') and simulated power

~ manageRentisYsemddds neluwdingdhe simyater:shaflspasts, PRVEN iated

consumption, pitch angles and azimuth angles of the simulated thruster _
STBTY. TR oS EPHTHAMIEY S G MRNARRYGIE (e SIGIAIBABY o5 of the

thcadtetatessisye@intime the simulated variables that describe the motion of

« the sﬂele&%ﬁ.g@oﬁsa'd@'mei&%mmﬁ& ﬁg@g%@;@%ﬁ%@%@%%&

pitch angles and azimuth angles, under sim rbance and

relRyEdIBR? GRaeP Sl Hiabcrifuratesdes! MWl g RIEDIEefErEsitingreference

saigvatanineludesasipuates modelsitrldhat sradatesttbesimidRiedessel (0.
+ Sensq S|gnals 7 corres 0 gln % the variable that describe the dynamics
of the RALLEY A &) et PR RGBT (FO5) TR 6R % G AP

rive sys
digvoduiect8) fomthidp ofitmmBaesesitrod$s semsorss(8)th dh e aliculbdésin pesition

ise {he simuiated BASIBNIRIRIENSE SHRRNLSIGRAIS LT corresponding

to the simulated motion or the simulated vessel (0"). The sensors signals

(7) froRFHREPOEIER HERRMEXER 67< (S HRHE TSR dhn stad alerreDP
meontieheystensts); @idiasteadrihersied ateck posiiomrefenrence\sigNals) as
L () .areinpyt to,t cont (5).,10 Feedbac surement
B b B T o S By e poreee
forfRHetisgisMitice At RPHEDIERbttORsIEIe pH{BY BEOUbEated oWRS,
mAnBHbHersistand B MSRa-RubeLL SIBRALEA Mavbadeeridediiiated

comparison with a real megsu rp%{:]t,sg@al é’zlﬁ?%ompm from the real
e RIS e Bt (5] 10 SRR o PHR L B e PMS
(2hés sieniletess Ebrpelissc siemagimenodyistdéon (7. rebbRffiicie Ry sitailare
sfmeig@@@etﬁqf%ﬁwmeﬁ%ué t@é)di%‘ﬁ%’im%ﬁﬁd%ﬁﬁrw%iiﬁﬁ&% 3oudation apove itis

module for the real PMS (2) under the simulated conditions, and may

NAURRFI G IO ASHIG!F A4 b Yeshgwer system (1) and simulators

(2" for the PMSbecause 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 simuiate the PMSaccurately with
available methods and technology, thus feedback from an insufficiently modeled

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

Fourth embodiment of the invention.

In a fourth embodiment of the invention illustrated in Fig. 5, the system in its
operative state is much similar fo the third embodiment. The fourth embodiment of
the invention comprises the steps of the third embodiment of the invention with the
following addifional step:

* The signals (22) from the real power management system (2) are connected

via a PMS feedback line (21) to the DP control system (5). Simulated signals from
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not easy to develop accurate simulators (1') for the power system (1) and
simulators (2) for the PMSbecause these systems are very complex and
difficult to model in 20 sufficient detail, and may include a large number of
switching elements with discontinuous outputs thatt make it difficult to
simulate the PMSaccurately with ava#lable methods arid technology, thus
feedback from an insufficiently modeled power management system (2'),

themayuieteienpraeticadlyagentirateds 20 Fourihenthadiment:ab the iBYeRIOBystem
(5yIn a fourth embodiment of the invention illustrated in Fig. 5, the system in
its operative state is much similar to the third embodiment. The fourth

embodiment of the invention comprises the steps of the third embodiment

Moiamgwafiemmmnwe%@a@d&tmmnn% The signals (22)

- from he real o?l/ mana ement system (2) are connected 'via a Piv,S
T$5& qﬂ”ﬁg 1% IEBP ontrol system 5), Simulated signals from
AMENDED smammmrammwmumma@wg systeMARhMePLihe-

o t diments of
iocwgﬁ%e)nktl%r?S FII’S? gr%@/%ﬁﬂ& rﬁ% e{gl ?rﬁ?én on Sﬁ’@t%&ﬂ% iR drive
MOIRE (resYREH T (RE SgatvCal govvey awmw&hm%elggwwmspamm
smgstemtqemus@;gn&:mmlamw §y§@?1 %ﬁglﬂﬁéﬁé&ﬂxﬁm@@r (31)

(32)sys e electrica em nd the power managemen
SRR AR e e el
be tﬁﬁ@t@ @eyipaiaitsatvaiomantiin hich thaeesseli@)s b oad) ontheeen tested
in HINruste-drivessysiem g@oﬂﬂx Rededlisifs fsompased | géje{ |;)r Gt in whi %ystem

DP control s stem has been tested in HIL testing vantage
(2l 6@?&?&*%@% WHRITHE RRgslee Wéﬁ%@é\@ﬁ?@ﬂtﬁéf‘éﬁﬁt(@aﬁre also

tesmmerasyarema(@.mmtmp@wmmﬁm@egmmm%ﬁmﬁ%%b E%ﬂ&]eh
ration In combin ith the contro
S\';’S;lli!.g?:'f?}s %?éﬁgglégﬁn%%%%%%%séﬁe %oup mgrb @éy CHEB KR °) and

W@rﬁ%@”ﬂﬁétmm%ﬁ‘@éﬁ@ﬁ §§/$@i¢f ¢2parayrtédehts that may lead

to pERTRSBeaREIemRNIMAYIteahIe PRISVER
Oi?u? 0':?5' Vﬁﬁlﬂ %’;}d trslﬂw and bIffﬁ?tal{i)ut?;éJ ?gg?ﬁ%smn o‘f%ﬂg{( -outs.

vessefas[r‘ﬁ’ 13187 P106) Yot Wﬁf%rt } WRh&sedvynlgruster sensor signais

(78) as inputs makes it possible to test the system for a wide range of simuiated
conditions with simulated disturbances (9" in terms of weather conditions, sea-states,
operational scenarics, and simulated failure modes (95"). It is possible, but it would
not be feasibie 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 invoive putting the vessel (0) in
potentially dangercus failure situations, which wouid lead 1o unacceptabie testing
time and prohibitive costs to a civilian vessel (0) and potential danger to the vessel

(0).
Second embodiment of the invention.

The second embodiment of the invention as illustrated in Fig. 3 has the same

advantages as the basic embodiments, but in addition feedback si ignais (72} from the
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(78) as inputs makes it possible to test the system for a wide range of
simulated 20 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 ggnditions in regular sea trials
because this would make it necessary to seek a wide range of weather

onditi sea- it would.inyalve putting the vessel (0) in 25
A B ki G e
SRy e Biprormpitivesysiettoa wilitarinnkedet (0) thadgsbtdntiahciusion of

trrgeelithieersaloearsand RmbeimeH ofihe Jverntien .38 Tfeases the
second ggg)%glment of the jnventjon as illustrated in FI% 3 has the same

AR EL ARG RO BRAE S AR RS R SYehEen faadsHir sighats
(T2)dromehesSHENDE BreHEERSIS thi tsteraive 48 @)sand feedaack

5@99@&;*5%%“ ) the Jealpewer management system (2) to the DP
B ystem (5) wil b el

control syste ) will be included in the test. The inclusion of these
feedback interconnections are common in DP systems (5) and increases

therccomipleiity of sheneambingshdynamics _of the DP system _(5) and the
ARSI s e ot ChBAL AL Rl g o Ber P REare-n-the-

ina, configuration may be of gre
iR AERne TENRY Eitrd erpdinerihef Bt doneatisysittustiB)eth énthrigstérsitve motor

SNt COMPiR '
%%%”@ D e e (e o IS () 1G et s @)

RFHdTsowEH A4 BMdntIugermaosisinfing Bivsienveye system
tb2"sitnelettrti(t20 ppinalsgersmddelsrof the thustenaivgesystREy 820 (2). The

e sledesppie sysiando Aa e paermanagement system (@),

The advantage of this solution Is that there 1s ho need 10 act

HRARSIET GNeMBcoemssrs (B8, ivsien Hiearsardeasidselatiopleniyideiadity so that

ﬁéimgtﬂrﬁg&ﬁﬁé?]ﬁé’;réQHBﬁéz%W@&%ﬁ%@ﬁfﬁéfﬁ%b?ﬁ?m& @ﬁ?ﬁ&%‘ﬁ%}eﬂt and
e O B S T Ut ot QEsiEeqap, e hruster

the test system must be’inter Aced to 1
drive sensors (8).

Compared to the first embodiment and the second embodiment this third
embodiment has the possible disadvantage of having to include simulation modules
for the thruster electrical drive system (32"), the electrical power system (1), and the
power management system (2'). As noted above, these modules are difficult to
simulate accurately. However, in this embodiment the real thruster drive system (32,
31), the real electrical 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 (1), and the real power management system (2) are
driven by the DP system (5) in the tests, and if the testing scenarios incur failures

and breakdown of these real medules, this will be detected in the tests.
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Compared to the first embodiment and the second embodiment this third
2fi embodiment has the possible disadvantage of having to include
simulation modules for the thruster electrical drive system (32'), the
electrical power system (1'), and the power management system (21 ).As
noted above, these modules are difficult to simulate accurately. However,
in this embodiment the real thruster dri¥® system (32, 31), the real
electrical power system (1), and the real power management system (2)
25 wiflite ithdrisughbetisted verhthetghithe siystdati@nmedh&acf@fdﬁhﬂrustev
- ic Syst
uﬁh@@@f ﬁ’i{é\{%l ﬁyﬁ%mésl%g‘ ;gg @P&H ﬁ!CP? o?iro Sl%e reason ?6]rtﬁﬁ§héuster

drpOWEI’ management system (_ be maccurate

M RIS dRH iR rrhesy: t'%?hér haanesssutical plowshisyeteodihent has
thenutithetest powerMERRgAMENt SySIOMC) REe DRriveRDY (18 Psl% BRI Rsted in

p d if he esting scen os ncur failures 3U an
Héér%é%?ﬁo%var?%f eseursea nv g"?ﬂ?a‘/\/ﬂ %%Cgé(@kf’éﬁ”ﬁrtﬁﬁggﬁﬂ and the
PNKEENDED SHEPETV AR fﬁxmwmmmmmmemwmw@p system (5)
nflies iecagial BrusiRLg s hhaL é@%ngy% e vessel (0), and it

follows that the load on the thruster drive syste will e ra her
realistic. This means that also this embodiment has the advantage
F oothpared tinpridrodttithatwhgse the DP system (5) has been tested in
HIL t ﬁgq&mﬁ r drlve S st electrical power system (1),
and tﬁe power ntr?‘a%rﬁgggerr%%n ¥ ‘%“”r%%%&%’é?e FrEGRAEmandhe third
eWWﬁﬂ@ﬁP@?@f@ﬁW@?Wé@%ﬁmb M@efsnmﬁatmg wonditionsagaeint

sy&l@em mf% simuaiesr Reerigmbadimentobihe.invany Weﬁ%-r ea(éement system

ent gﬁ%more or less the same advantages as the t

(gg E’%glmen BN BERAVTRG FEIHER TrShe TR &Rt Asuayeides. Moreover,
mafanstiensehte dystenpl{@) bathvesthenscieigiig) teedlbackdraraitbestedls (5) under
raRQW@&ﬂB@@%WEBﬁX%%@ 5@ %%é&r%%%%%%églé%aﬁgg@%%s%ﬂ ﬁgetaaied

errors in simulation are avoid oreover, m ons

a
cheLRpEER IR BiNe pYpiantste ke e dyintandi¢sjanide lawrirelyheuieedback

fraposEbl onatera @My gsashsRpOnE MAYHSIRCOYLIER: de}@rmme whether
enqk%@ \%g aecgem tlcs oft seystems to be tested, in particular the

layout o h H5m e pow%r management system (2) to the DP
system (5), WI|| determlne whether embodiment three of four should be
used. AMENDrED SHEET
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LLOYD WVISE: 30 GLAIti1S 1. A method for testing a control system (5)
of a marine vessel (u), - said control system (5) receiving input commands LLOYD WiGE
(51) such as desired position, heading, and speed from an input LLOYD WiIsE

- command device (50) and sends control signals (0, 62) to actuators (3)

such as electrical thruster drive motors ¢32) for thrusters (311) and
electrical propeller motors (35) for fixed-shaft propeller's (3?), said vessel
(0) comprising sensQrg; (B3 such as position reference sensors (81, 82,
grovidj\nﬂ%s_ensor s\i}gnals (7 71, 72, .) to said control system (5), said

ctuatord t8) ¥ iVt et Rl drieigy prévided bysanondsaardmower
Systemeni®i(ddshemgsrasteohe atRY) system.(2), said.
fosthog %ggr%%ggz??dpb% the fo%ll'g%in S‘fféﬁ@g %sigr?lu%ator (%gog Sré% iGgton:
one of more signals (6, 79 froS81§ fryjce Syamhargs (oo signais

(EoftprisiAgtepsIBledieitametramiodute (B)aproniding s latet ACIAOL (31)

defcesdnids arsifaulat 558 0).cemprising an, algorithm for
congjputin[g3 th@r 56@ nffmﬁ%gﬁzhgﬁm %?%‘%ﬁ?%fﬁg@gdeq\%@s@ﬁ Y, and a
GRS EP Rt EOPHREVI@he simasaeditensefesignals éflors (81, 82,
~d)eismmmgthwmhcsﬂ@te(k@ynammtqucpgﬁgig@iﬁ%@gegﬁﬁzﬁl (0 said

S

-SENS )returning one or more of said simulate sor signals
’ZOI(Y%EH{E%%%E% rﬁ)gté?t’%?” a é’q LG AR RIS BN 88 SimbtarscPier, system
(LLPRIRE srrirqliadey; rorsatercontretsystems(Sjamhile)said control system

sti) sestscontitlngnals HbHRAbIRRAd agipators (3), for testing whether
“%aid real po stem (1) is capable of providing sufficient power when

S
cosﬁ?ﬂéﬂﬁae*é)*’b e b i LR S or (p ey
- 98ihainadeinTeri 08y stemp®)ig commanded by f said control system (5),
undet il aIBIALECL 810K SIS (7,) and sald simylated disturbances
(9). 2. The method of claim 1, sari‘d %&r?%”ﬁcgwfgﬁﬁﬁw?ﬂ,@%%
(8) afld BUBEOrSEFF cIRHiSiHY SriRstsadamignottes (9550ksaidg the
dgirauiated hesset (0'3aid®imulated vesseal (0", and
a simulated sensor module (8" providing simulated sensor signals (7"
describing the calculated dynamic state of said simulated vessel (0');
said sensor moduie (8" returning one or more of said simulated sensor signals
(7') modeled under simulated disturbances (9') such as simulated wind, current. and
waves, to said control system (5) while said conirol system (5) sends control signals
(6, 62) to said actuators (3),
for testing whether said real power system (1) is capable of providing sufficient power
when controlled by said real power management system (2) when said power
management system (2) is commanded by said control sysitem (5), under said

simulated sensor signals (7') and said simuiated disturbances (9".

2. The method of claim 1, said disturbances (99, signais (7", sensors (8" and
actuators (3’) comprising simulated failure modes (85" of said simulated vesse (0"
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AMENDED SHEET LLOYD WISE 31 3. The method of claim 1, said
signals (6) sent from said vessel (0'1 to said simulator (100) comprising
signals (78) from sensors (88) in the thruster drive motor (32) system that LLOYD WISE
measures shaft speed, propeller pitch, power consumption or thruster
azimuth angle. T. 'The method of ctaim 1, said control system (5) being a
dynamic positioning or "DID" system. 110 5. The method of claim 1,, said
3. envisonmepiabrendiienssemprisiagsyeatisromalgs: fadhe methad;of
. Claim 19 aid simulated disturbances (95') comprising simulated single
SmUSIR AR THIERAS HIRBEHACA RISE OBt BleEBR & BARRSREHE Suetor
(32) systeib Herisuen{B)eactuatiospdB) qndsigieabitanspussiptodsJhptmetkod
thrusBf S3im 8, Sl égsting comprising testing of whether said real power
system Cl) provides fault tolerance to said simulated single and multiple
failures in mechanical, electric and electronic components. no 8, The
4. mribefehepimdainaid versebt@bbsirg-mnelslenm Plem aranesd iaror
P dgsr}amic position keeping. 9. The method of claim 1, said sensors (8)
2en ng sensor signals (7) comprising 25 position sensors (81) providing
position signals (71), speed sensors (82) providing speed signals (72),
and a compass (83) like a gyro, providing heading signals (73); 10. The
method of claim 1, said simulated sensor signals (7') comprising simulated
5. pERiIGHEEGRME ¢EiM bisRib R SpREEaiaiees ¢ aaerumikingeeather
statedieading 30 signals (73"), and when said vessel simulator (0') responds to
external or internal AMENDED 'Si SEET LLOYD WISP" }2 :simuiated
disturbances (9') like one or more of simulated wind, simulated current,
6.  sihhalsethadeésiaim 1, said simulated disturbances (95" comprising simulated

single and multipie failures in mechanical, electric and electronic equipment such as
sensors (8), actuators (3) and signal fransmission.

7. The method of claim 6, said testing comprising testing of whether said reai
power system (1) provides fault tolerance to said simulated single and multiple

failures in mechanical, electric and electronic components.

8. The method of claim 1, said vessel (0) being a petroleum platform arranged for
dynamic position keeping.

g The method of claim 1, said sensors (8) sending sensor signals (7) comprising
position sensors (81) providing position signals (71), speed sensors (82) providing
speed signals (72), and a compass (83) like a gyro, providing heading signais (73);
10.  The method of claim 1, said simulated sensor signals (7') comprising
simulated position signals (717, simulated speed signals (72", and simulated heading
signals (73"), and when said vessel simulator (0') responds to external or internal
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11. The method of claim 1, using a control signal connector (61) on said
contro signal inc f(60) for branching off said control signals (6) 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 (IM with a simulated paswer management system (2'),
and an actuator simulator (3') comprising thruster simulators (31", 34"). 10
iendihedéitiotbahctain®] liewhichrisradded draQuerdmanassmented current,
SMﬁEﬁ'Qt'e&% k line (21) for transmitting power management system
feedback signals (22) from said power management system (2) to said
control system (5). 15 13. The method of claim 1, in which said simulator

(100) coteprisesa sipnted & §¥§W§%M@bﬂr§é@tgﬁw %R &l control
man%q m usm a feedback line (21") for sim

o, d&?gﬁtﬁs’ lfﬁ‘)“‘ié‘%ua ﬁ&%&}%m@(ﬁai% ) Thé Fiawistpopendin signal
[Lr‘¢n( Gihich said Simuitstor((D00) aunpeiseng elmhtat@téczﬁcm&ﬂt S¥SIRBA motor
(32 vaith & RBUHEdRAVLES %ac %Pﬁ%ﬁ% % erga g nwdtﬁ Smulated power

management system feed ransmltt

EYIEBrrfocIshaR sré%t@r(gm ‘ﬂ@ﬁwéélbmbpewgrth ruster
shanagement'sgatem (2) to said control system (5), 25 15. The method of
claim 1, said electrical power generators (1g) driven by generator motors
(1 e). 16. The method of claim 1, said and one or more propellers (33)

tifiven Bipenaitrichpiprebslerimetish (SéﬂMMEwaﬁﬁhﬁlaﬁ%M-@X@m

MUSEckTinEhe megh bl ving a si ,
|ne CO?] e?:tcl;(rQ 12-398% d?igiﬁ?é%g saldqs&e%@%§%§¥%§%g§%g§ c%a& tgnats( 2)
§t’rW ufaaté]oD QY (S RO dBrRFY §Pﬁ1§‘lﬁ SISRIA4Pline (80")

for feeding said simulated sensor signals (7') to said control system (5)

ill beipg coaRGGIGE é%i%ov'ﬁt ;tu%%%% iRl é t%t%agg??@ l%g?mutated
(

LLOYD WISE

consuming actuator motors (32, sys em
%@@f‘grﬁy(ﬁjia‘f@ M@{ﬁﬂ@@@gg@t@ power management sysiem ”') using a feedback

line (21" for simulated feedback signals (22" to said control system (5).

4. The method of claim 1, in which said simulator (100) comprises a simulated
power system (1) with a simulated power management system (2"; and

a power management system feedback line (21) for transmitting power management
system feedback signals (22) from said real power management system (2) to said

controf system (5).

15. The method of claim 1, said electrical power generators (1g) driven by generator

motors (1e),

16. The method of claim 1, said and one or more propellers (33) driven by electrical
propeller motors (34);

AMENDED SHEET
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- said control system (5) arranged for receiving input commands (5°r) like

desired position, heading, and speed from an input command device (50)

and arranged for 10 sending control signals (6, 6a2) to actuators (3) like LLOYD WISE
electrical thruster drive motors (32) for thrusters (31) and electrical

propeller motors (35) for fixed-shaft propellers (341), - said vessel (0)

comprising sensors (8) like positiomreference sensors (81, 82, ...)

arranged for providing sensor signals (7, 71, 72, .) back to said control

17, TRESHEOME) odG:smid ,aﬁmwxﬁr@)s%i@mmg@ﬂé% éﬁﬁ%\{iiﬂ%ﬁesg%%r (88)

.__energy provided by an on board power system (1) beirig contro
disCannGI Y SALLRAAEAE SoaRHINe ) BUkand A timHimarsienzbachyastor (89)
conntalingingifeatates sigasiimd 480" 10k atiaggeitfemmeeaiving-pRELIFRAIE (7')

‘fo saﬂ%%lﬁépsgs)(ém'g?)sgfﬂ %?j\%}f(@)f@%&& %{%i ?r&%ﬂ%&gﬁ%@i%%@l%&aid

~ simulated actuator'modu arranged for providihg
majofdieWs G SHtMG e ivatEanmionui8 203 Domprising an algorithm for
computing the dynamic behaviour of said simulated vessel (0), and 25 a

18 sijg\nglatted sen or. module %ﬁi arranaﬁgl for calculating simulated sensor
© signale 7 R Gl iBiAgTHE! SYRIGREY & AamrEeere steddf simulated
- said/eeseb(8YsteaidBensmgrddoted8yiamairged foniettisgsaneier geereaf
said-simplat i : imulated disturbanc
P e v, oL e S A o
send(fiRoBlR) BlgHRE & Seniqarisatasnge ditercisottentiigsisly Gémimgtors
(32) footttrabsignaty (Gnaidetraid paipaliers (8l AN RIE BxSHERF S Ehsrs

(34) WISE 34 said system for testing whether said real power system (1) may
o provide sufficient power controlled by said reai power management

- saicsyResRl (D) ermarrisiid pensersrifirkgareiiicsysiEre(@peiseasomaadeshy. .

2idl BP RSN BRI B Wnglen Said 7aimulat ' ] '
T mlaten dStbances (0) 15, The oystor of S el Sl S B (0
- sai a%%%% OEs tgg{%%ﬁﬁéﬁ%}f%ﬁi [EEENiRg electrical energy provided by an on-

board power system (1) being controlied by a power management system (2),
said system characterized by the foliowing features:
- a simulator (100) arranged for receiving one or more signals (6, 7) from said vessel
(@
- said simulator comprising

a simulated actuator module (3") arranged for providing simulated actuator
forces to

a simulated vessel moduie (0') comprising an aigorithm for computing the
dynamic behaviour of said simulated vessel (0", and

a simulated sensor module (8") arranged for calculating simulated sensor
signals (7') for describing the calculated dynamic state of said simulated vessel (0%,
said sensor module (8') arranged for returning one or more of said simulated sensor
signals (7') modeled under simulated disturbances (9") like simulated wind, current,
and waves, to said control system (5) while said control system (5) is arranged for

continuously sending control signals (6, 62) to said actuators {3),

AMENDED SHEET
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system (5) and said power management system (2) function appropriately

together and being fault tolerant, under said simulated sensor signals (7i) LLOYD WISE

and said simulated disturbances (9'). 10 20. The system of claim 18, said
control 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

ssigriaisieT) for sesdroontrotisyisteit (@Aisbidzivbﬁi@gsﬁ@ﬂﬂ@ﬂtﬁ%ﬂp;ﬁw{&%u?mem
r_power consumin tuator motors (32
P B SRS ) WA g avver

%ﬁ%@%@%@m@mwmwmwﬁmwdmmwm &id
sprefetablydnstidipgaputomaticheading.cony SIJHHBHR%&@

compensation for wind or current forces, 20 22. The syste of claim 'S8,

said control system (5) having a command input connector (87) for
18iscohhectitesaid cemmishdanpuy{th anchagsiniyated:ice WMand 881t control
s&&hﬂ@gﬁl %@g%éf%{ ?&N@Fﬂ%&%&%@%‘%&@? urrlz%i%%uzggmer\gg?ut@iv together
and belng fault tolerant, under said simulated sensor signals (7"} and said simulated

disturbances (9",

20.  The system of claim 18, said control system (8) having a signal line connector
(88) for disconnecting said sensor signai 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 controi signals

(6) to said major power consuming actuator motors (32, 35).

21. The system of claim 18, said control system’s (5) comprising a joystick input
device without position feedback, said control system (5) preferably including

automatic heading control functions and compensation for wind or current forces.

22.  The system of claim 18, said confrol system (5) having a command input
connector (87) for disconnecting said command input {(51) and a simulated-
command input connector (86) for connecting a simulated command input device
(80",
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