METHOD FOR | MPROVI NG THE | CE- BREAKI NG PROPERTI ES OF A
WATER CRAFT AND A WATER CRAFT CONSTRUCTED ACCORDI NG TO
WA HBINETEMOD The invention relates to a met hod BCTBROGSIGO33S
to the preanble of claim1l of providing a watercraft,

especially an icebreaker or a cargo ship, tanker or
simlar transport vessel with inproved |cetfenetrat|on
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said second end with a propul sion arrangenent, which

provi des the main propul sive thrust of the watercraft,
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characteristic The i nvention a so relates t
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witlhes efisstheeth aith us esé @fnd/ agndUsndKi widis-hofist randpeetl at

ves els t.ank servi ce vessels etc. .

ST it SR TR e PR RS S gl wh Ben proydes
mem&mndpmp/\adays tthamsti nofeasimgwdegrcefafe;venwhme the
arCtIC %gndBEEQHWlth e9£ﬁ'}|§nd éhea {)J‘%t'%@@gerlng of

Briciently, 'a"véssel “requires various esi
that watrmoespondvheratar ydaig ceodnti eng. OFoth¢hwgtercraft is

%&&\h%s ncfrjl &eoﬁ%%@d @%S G&n 1qeve450p h, aGeQr défﬂctlgnt ice

e front. end "and aft “end e ‘'watercraft are
pprdtragadnf chadedfearisnticeondhei eng$ntrles§peaclt5|0ve1€}at¢ﬁeto a

CONGRRL £ S; HESG1J ReA e @t Rnkhgroahent Ukl gati on US
5218917 and accordingly, the aft end of the watercraft
is shaped and designed to break ice nore efficiently

e tlhse e@EWahd &5 Qfr Vaheouat @{&fsaféf %Qahgﬁéril Nessels,
heavy ice conditions the vessel noves in the aft
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R copseptatdnt c Fhec Bt yPr GPW S 1 requires various bow

designs that correspond to varying conditions. For this
purpose, a concept has been developed, according to which the
front end and aft end of the watefcraft are optimised for
different conditions, respectively. The concept is described
e.g. in the patent publication US 5218917 and accordingly, the
aft end of the watercraft is shaped and designed to break ice
more efficiently than the forward end of “the watercraft so
that in heavy ice conditions the vessel moves in the aft
direction, whereas in open water conditions the vessel moves
more efficiently in the normal forward direction. Apart from
the design and reinforcement of the aft end of the hull itself
it is characteristic of the concept that the main propulsion
devices at the aft end of the watercraft comprise two turnable

rudder propeller devices, the propellers of which together
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devices at the aft end of the watercraft conprise two
turnabl e rudder propeller devices, the propellers of

wobkiogho4opet herwith the | ower part of the aft PCTFI2008/050335

whi ch is shaped suitably oblique, break the ice. In
distinction froma stationary propeller device, where
the propeller rotates about a shaft fixedly supported
hyth hehduldweaf pelie véssked , attheerndr mirigtidés phaped | eritably
t speci opel
i L N
ar@mﬂdtea malcateWQhaettaﬁdvahp@hlqmyrQI@twecabrocgrc a shaft
Lhey VESS VMﬂOleac@bé JeRgea) e fd dd
gggﬁg%yd%§%° e a?%1?%?to apply sai concep% ongﬁgrd%1 °r
poeRR) heasslevice stelrt®es tiankeis, speel Mgesepnr bgue regopeller
@f1§t9 @oé@ﬁk{éry J;]itgrh PESOPHLﬂéJ”sHQf*@fmé‘; §QC|'{urIQ§ around a
rudder propeller devices according to nodern
F%@Weog?hqfﬁvean%owéwh mefeipe | LAPE atfiogndiapPeugE iRGe the
PEORUI SJiRRROVETy sbR8rPOMEruRldl-PHESHd N Practise being
about 20 MW per rudder propeller device. The
restrictions of rudder propeller devices with higher

Wﬁ’é‘&?rtrféuta@hlt §stm%p§hlyss§mdr§%pe On 18 esP@6€g0 vessels,
gglred wei ght an rice . The publication EP

135 d"r%‘tﬁe&§es %Pepr 3poFet ofeqPFBRye AP, kndfhrayg Digh
BHEhuL sSWint apbgef Orad argRhROROhY €SE@dE ICORROPSLIGr @ devices:

statlonary ropeller devi ce and rud propel | er
RSt abbq’ GROBGE . SeaBeSHEY eofavehi o TESEUEFon dgeis

sxmitaﬂioadvaata@EOtne|pro@auﬁsomfpduy&tStaadpspaﬁeoutputs in
utilisation, when emis the space requ

HHof v 1 8g ADRHF 01 ERLFy hGhoBT OBLOST bt ot ce: The
abstrifaariohar @fr meR®el spropedieri sdemncaanwlmh higher power

t soe t he docunent regardin the sui t abi
SRE EBhm o et BieTEer o 1 RBE SPRed i iRl ity anc
pater., nmay al so travel in heavy ice conditions. Thus,
vessel s that are intended for use in varying

conditions and that woul d be especially suitable also

Toe mid iicatheaBP ildd2¢0hditdiadipseswai phonul stibnsacomasment,

LR&V!H{Jd§s g&‘ck@,ddé.diit%%lgofor large RoRo vessels comprising a
stationary propeller device and rudder propeller devices
placed on both sides thereof. This solution as such is
advantageous in terms of costs and space utilisation, when the
problem is the space required and providing a sufficiently
high propulsion power also for larger vessels. There is no
mention whatsoever in the document regarding the suitability
of the solution for vessels that, in addition to open water,

may also travel in heavy ice conditions.

Thus, vessels that are intended for use in varying conditions
and that would be especially suitable also for use in heavy
ice conditions, which in this context include, in addition to
thick flat ice, especially ice ridges formed of pack-ice and

ice build-ups, require a bow that is suitably shaped to apply
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thick flat ice, especially ice ridges formed of
pack-ice and ice build-ups, require a bowthat is
WG 00vai497 shaped to appl ybetter in open water PCT/FI2008/050335
conditions, sufficient ice penetration characteristics
for hard ice conditions and in addition, a sufficient
propul sion power per se. Apart fromthe ability to
beeakr i te ebéhcwenétycasdfmmdm§A1duﬂfﬂsleﬁtfmeé penetration
ic enetration characteristics in
AT dshe ek TaPedorHo a1 S 2o EEnaral Sro fadiapn-
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esign o € structure so requires su Ficien
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' d | n I
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above-patit-iicredngr bibtared paet rafiygs hothd chr g afidbtiqn to a
Caseadle a6L4an | GRDLABKEESucBLEN ORYo MGGy ! PedDYErtikient
open waters for a long time before having any real _
Feabtidaki nBhisasks. angdreiongl Py, Wwhige bywesrang through ice
k?&@éseagx% Sphexdesd gped &9§en@ﬂatr'k%61 QRRBLI QAbarking at a
especi al ly when breaking thick flat ice, and thus ice
PreRer@tqdi e %ﬁﬁqkﬁ-ﬁﬁgd%ﬁ%PQ§onS|derably nor e
chal | engi ng, when noving forward. Even if a certain
ablllty to break ice, also when the icebreakers nove
The t pROuF et F%%??(ﬁ?oql§mﬁeaﬁF?%ﬁ9¥%1q?ﬂ&eFrP% Ui case
BovVabihd t §1@Meaaa@§pvwr@bjhl fayy El@@d| :ast aﬁe@ %\Jﬂle@pen waters
ving and turni en channel, the ability o
The PochTbakbia dobrts: hab et hoors Freeraki Tasks.
didecidmen 1ys geeebawlynsu&éﬁﬁﬁumaablysmm@segﬁ&anﬂwhanmlmum
travelling in th orward dlrectlo pur pose of t
PRETISh ST b by IHE a8t (iitor Hish F A 12e0 ahld® chus
abﬁve{ﬁﬁgésoneddprohkensb&wmﬁ4mpas tarqaroummﬁidfrably more
t raft, | an igebreaker or_a vess
\é\ﬁl ar}gmigér V\F?%ﬁnsoﬁ'&)ré |§% varafo%s ki hd ofCertaln a(?bV\%]lltﬁ’ to
ba¢@k criafet, | alpor ewlsarn t dlblee tihabrdmfecorse movbe iUsedchen aft
bhe.ahowe: MEDULQRGH XA XhNG, 00G! A1) NGrCRRYT WBi1ity ana

especi y I'n Ae Ice con
manoeuvrablllty for instance when 1nov1ng and turning in an

a

open channel, the ability of the icebreaker to break ice when
moving in the aft direction is generally substantially worse

than when travelling in the forward direction.

A purpose of the invention is to provide a solution to the
above-mentioned problems and thus to provide a watercraft,
which may be an icebreaker or a vessel suitable for
transporting various kind of cargo, which watercraft is more
suitable than before to be used in the above-mentioned varying
operating conditions, especially in heavy ice conditions, for
instance when steering through an ice ridge, ice build-up or

pack-ice.
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i nstance when steering through an ice ridge, ice

bui | d-up or pack-ice . The objects of the invention are
w@eioaneidby achi eved as di scl osed i n the appendeCI/El26608/080335

1 and 7, and nore closely as explained in the other

claims. In this context the terns "first end" and

"second end" of the watercraft have been used instead

mhe"fwmjﬁcusndbfanmhé'aﬁmvend onn’@&&ecpkﬂmﬁgalyﬂ _ceiéhed as
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inetemtt ot "Ifefast ehd'tearpt dtﬁﬂt3|eod"devqasmes:tlalelyeastnce the

G 0e IR er¥n¥ %a%“h ear Saéggdeﬂ’oﬂor RELL gL YL Ges Pf‘d the

arrange | eas er ent I st ances rom sal d
yéé@h@raeﬁtd l@f usled mtierlér apresof e rRrdnHéEn qeggain operating

WBLE! Cf st vAPY &SI 'Bet%@ro&u&ﬁ?%J%kuderk’cpsah\(&ahh sai d
second end ahead,” the propeller with one or nore

propul si on devi ces | ocated near said second end of the

WRLESF SRS tol 8nar {ARGRAhO DL £k Hop81306h the et &8 the
with one or nore propuIS|on devi ces |l ocated farther

HABSTFrdth saPd SRR U 6F the waRerdear @i sleast three

?Eb}@tﬂgﬁ%nt QekD¥Es di s Nte@hat8d hEfoliity 6 RUBKSaANaYudder
romthe ice bUI|d up. By neans of the invention it is

BBHSRS & t%eer&?rsovénguﬁsrtréﬁﬁ?%l By tHeAsdhi PRt yver dbtiprent
amsta:rﬁiysearlfem aaﬂd as&@drer ehaf bfSthd &bsltﬁzﬁc@éfﬁaédsytlﬁg: when
Srlous g cargo to nove.forward artlcEIarag d
fi ?dw‘?)taec‘i?ra & RORTT t 1o and tlﬁFoB&‘nl‘i‘ Srivdg tjreen
that alkesst alm&d,pr@beMeﬁhwiﬂ:te sred noPpmepel sireeul bt arstdeafices
E (}ercraft i.S arr%pqgg ? ? th dlrect% ns of d t
ABET O WBFesoat, STHIY &R 6§ & Waterdrart s at¥eee *°
bppik cdbke 4rof bhealgm@eﬁaerl yutthl oémél at imee whiggulsion

dév Seesf u&ocep ﬁcaas§ Qtl'jh gar gv]?o% ? élgorstal\éesseeclo%d géqned of , the
rudder prope Gevices ated cl6ser 10 sai d secdnd
sndeanaf&teseﬁf:qnqaﬂIty move disintegrated ice or ice chunks

away from the ice build-up.

By means of the invention it is possible to improve
substantially the ability of both an icebreaker and a
watercraft suitable for carrying various kind of cargo to move
forward, particularly in hard pack-ice conditions and through
ice ridges, with that end ahead, at which the main propulsive
thrust of the watercraft is arranged in both directions of
motion. Moreover, this end of the watercraft is also
applicable for breaking fairly thick flat ice, which is useful
in case of cargo transport vessels. The rudder propeller
devices located closer to said second end operate efficiently
when breaking or disintegrating packed ice masses. Similarly,
when the propulsion device further ahead from said second end

is used for moving disintegrated and broken ice chunks and ice
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when breaking or disintegrating packed ice nasses.
Simlarly, when the propul sion device further ahead

wWo e@neadT second end is used for noving di Si NREYFROGSAS50335

and broken ice chunks and i cenmasses out of the way, it

is possible to inprove efficiently the travel of both

an i cebreaker as well as another watercraft especially

naspackoutce fanthe crRyri dgessconpailekk tiw pirnipmovar efficiently

BRLULLANS o TBECPIASaNERSOL I AL 0093 DOt AIERE! ublBrerare
esign o osite end o e Vesse it may
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for breaklng thick flat ice. Mreover, depending on

the antdiahiopssatding C@c%jét'ngp.s’affeect t hfe deW 8GO0 of  the

open water steering as conpared to nmoving in icy

eamﬁltﬁeo@ndsaidtb@pb%%%eéfngatnay B maggr g6 veskeretter
bei 0asi ghednSe: dohado rivk r JBY R Ec USEA YM {0 @E%aruaa&%sev)@n in

for breaking flat ice. Thus at the sane tine,
s Pariferfent CaRERR fitng oPE1RhERd Avendt FBHV%WO@%VWH% to suit

bot ho @b iegbepakiers1aRd i de VAl vl WbhdhdiRlgt 8h the actual
qual i fications as a whole for breakln% both flat ice
[

8H%Fiﬁﬂﬂ8|Q9§leh°%ﬁde% &0 s HSETERT P Qﬁ?nrﬂﬁh?ﬁgs?ﬁerlng

bhec&ﬁ;fa&ré@elfbnho{rihq Ch claﬂdlcbhamslort,h%aqmoapbs'sp& end may
vices located at._ different distances from sa .

§ O &17F 98F VERRS TtRs SEEFENET 39 igi 8‘8Yb s‘??fed with

a@vaﬂuhdeakﬁkalfdtreeéaKthﬁfudhe1watemﬁﬁafht £m@ same time,
vant ageous to utiljse .a chose

B6Y S anERrn L Yer eth kS S SRRREPABA PR BeBRigs dagen an

anebm&aummIamduaknmﬂdnmmaﬁg aivat eetsér eqmalifdreettdpns as a

m@o éér”% a {ntlg%t%o ? pro%%h3|v thrust of the
ropuIS|on evices I's s |~ arran %d o Tove the

matercraft toward the ice build-up to be broken and to

?va?rcpéro%%nehggrea 1c£8mtln§hn1c{‘1% Q!ﬁ” kﬁéjgarfglg\g%rp%rgklln icy

wat ercr aft S propul st on devi ces i nt ende
Fereddrieonsr ef éhabl promdadenpr dpel tey  dendated. Ehlsdlfferent

g? | Cldéeltnst PSR a8t QelHRE LREMENdnEhUS EPARIAS A MY 18 ced
side by side in the lateral direction of the watercraft.

One advantageous way to utilise a chosen propulsion
arrangement is to use one or more propellers to break an ice
build-up by blowing a water stream thereto, whereby more of
the common propulsive thrust of the propulsion devices is
still arranged to move .the watercraft toward the ice build-up

to be broken and to move broken ice away from the ice build-

up .

The watercraft's propulsion devices intended for breaking ice
are preferably rudder propeller devices. This makes it
possible to turn them and thus enables a more efficient

operation and travel of the watercraft in heavy ice
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operation and travel of the watercraft in heavy
i ceconditions. The use of rudder propeller devices in

w0 b@emner according to the invention is not BGI/ER2008/050335

dependent on whether they are so-called pushing or

pul I'i ng rudder propeller devices in the nornal

operation of the watercraft. Wat is essential is the
posdlitiamsof Thheupe opél twideof pirbhpepre@pulsiiorsdévi tke atanner

t he nmonent,, n.it i.s uUs s, di_scl osed_j

PHoehT w0 SO8 e g 88 5 ML HeE Bep bRt ppuneches
phepudsi oro-ari dng armsitings oc hwskln ngo rutder i RraeApeF ségvices

gHr@ﬁ‘Q' So{xhgdldeé Aengh! 8 dyi %Séelﬁéﬁa%%ge%hég s essential
I'stance ron1ﬁhealong|tud|nal centre 1ine of the

hal the opodpiotien tof dihgepronntler stfattitenamprplepen | @gvice at

dayi fsm!, anged petiean bhes ryddenspaopeldier sAeULCas,.

tﬁe d?%tghce 0? ?ﬁé’proﬁel%%r of mﬁ?ch statiénary
propel l er device fromsaid second end of the

wat erger aEEe}férzﬁll%ar | %ré@gi%rl t héﬁbctcﬁ%_n@ ttn?e propulsion
propell ers of the rudder propeller devices, when the

RET SRIIENE Mgy eQNPTER heo | ERakailll SOMBAESEhdtAkRaRjle rudder

PhYSe1 tde devddes Propglebielt deVdicRsinebosest ¢ 98hditudinal
second end of the watercraft bite firmy on the ice

FROGES W ofs tise hetdr i ORaPYtpridpeldidesdednrdeasr aFehgnary

gY@ye MBKeES ddvilkeSSiaRkeng&d shepaeeal d teed qlugtbe vessedller
In the mdship area so that the ice breakingiangles at

EREIGHY el nelyS bR dept” f BVDUPABPY ¥9%at OF opRiich “stationary
b@@[béflaiﬁ :’@vﬂ_ﬂgi Sfrs;ﬁi wdien saaldo?ws dride d¥ oken weeeddraft is
pass fre under the watercraft and further an to the

BRERrol “DBTH ERATyabEs 4y onPT nbROPRELTHo Rbvithg ofodder
bhepaEisselddvacwar dwhém aidditdtercrilie sbaés oharyhe ice said

ropul si o evi ce . provides the vessel w.th an .

SFPPET CHEC (RIS VIReR’| ErRoUBEoTh Bt At el o PEES rPRes
toesaConséderd nend hef aliey eraremtrefiedofet DIyl ke the ice

tq:ugdg’r Q}Eeolpeealsl e‘{hedegtl:gteison%raﬁez ?D&?ESE?@J yﬁ%{@ensfgﬁ%%rsoaway
at "they in all correspond-a ast 'a ha of "the

mekas propelssibhe powershepet kaivatarcraf t thé nveheel in the
@gg%ﬁgj[vgenaqfeat@% VAN i ¥RLRENGD Py MY, 10T the aft end
may be kept favourably flat for icebreaking. This solution
allows the broken ice to pass freely under the watercraft and
further on to the channel behind the vessel from impeding the
moving of the vessel forward. In addition, the stationary

propulsion device provides the vessel with an efficient thrust

when it moves in open water free from ice.

Considering the above-mentioned factors, the rudder propeller
devices are preferably dimensioned so that they in all
correspond at least a half of the total propulsion power of

the watercraft.

In the following, the invention is explained by way of example

with reference to the appended schematic drawings, in which



10

15

20

25

30

35

with reference to the appended schematic drawi ngs, in
whi chFigure 1 shows the aft part of a watercraft

W@ewonai4py to the invention seen obliquely froPCDEI2008/050335

and Figure 2 depicts the watercraft according to

Figure 1 seen from bel ow so that both the front end

and aft end are shown. In the drawi ngs the reference
nunber 1 refers to the hull of the watercraft. For the
sake of cl the t a c nd

the hul | Fﬁgh%% mgte%gﬁgft%gge gg g%“ﬁgrgﬁg roH?E%hC afe
2capuding aft thadigrentiespeesn ml;iquphy pfiarcibglew; tadved

vat er cr af t; gy, be &%r 9ReVeSSelcPLrd Caec%‘%élfﬁ& to Figure
i ntended to operate in open water and in iIce

dondeni 6pen Ldoor eﬂonghe‘é bakh | Hventiost, erAeapdi aft end are
RLORYI sion arrangenment of the watercraft is placed at

the aft end of the watercraft and in this case it
conprises two rudder propeller devices 4 and between

tthepma graps! se&h% @6&@9&@&3&&u&£§~aneQEr§ §$a£ﬂéﬁﬁﬂna of
shaft Depen ng on the type and size of
93

\Rﬁ?eY’%‘F%\rf‘tr%ftt r the a%fd‘iet Pdncterthe Tha r?lﬁ%p%’l‘%l%rhj the

ackangesrat or akse he1preyi ded watBrpropulSicondavdcesre a
arranged at the front end,_ for instance tunne

PFOPEI P & aF 88 RERUFRRA: & SRESFEYethe oPFARCHRle, the

twhee vt £1Cmaft ben ahgr Raugs asdsot her Naprewkel aceSended to
Pr|n0|$g¥ﬁ¥ however, the watercraft no es both ahead

SRE* s b) PRETh&GFTsATY HhilfrepPopil s

arrangement accor di ng to the |nvent| on. As shovvn in

he f% he rud 919 | er devi ces 4 are Bl acec
ﬁc? 6%C| v %ﬁv%qwlon ft “RRd" B PR e e PEF AP PTC
bbbouﬁEemhxmfgnlmepEmcdd|a$ Ghe Zle afid Qﬁuthe wstenctaf: and

YLCLptLY.Q {Eiﬁ%ﬁ% Iqega£e£tﬁu{§%% pr&%gglggnggggges 4 and

abové Tt Shape ue so I's capabl
beeudxerng;hemeaawdowﬁtlll@w ﬁgath@qﬂweﬂrenhe ofnd feg a stationary

%g§{cr§£$({§ﬁ nsotn t‘é‘hee esoartchaé eof ug}g@r atercraft it
propel | evi e iNto the ice wth t%e
paMpeLnead@trem fpho;éle agifapoopablierarraerasgeentalee be

898§1<§’ed§ w§tﬁ‘f %’f&%‘isﬁeﬁ HQVB_E'QS ' Qr%@é iacte the front end,
conditions, especially in
for instance tunnel propellers, if so required, to assist the

moving of the watercraft in harbours and other narrow places.
Principally however, the watercraft moves both ahead and
astern, by means of said main propulsion arrangement according

to the invention.

As shown in the figures, the rudder propeller devices 4 are
placed in the vicinity of the aft end 3 of the watercraft
below a design water line 6. The aft end 3 is in the vicinity
of the design water line 6, and somewhat above it, shaped
oblique so that it is capable of breaking ice and allowing the
movement of the watercraft against the ice so that the rudder
propeller devices 4 may bore into the ice with the propeller

ahead. Thus, as favourable an arrangement as possible is
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pack-ice and ice ridges forned thereof. As shown
further in the figures, the propellers of the rudder

w@e@pebi4er devices 4 are in this case | ocat ed PCT/FI2008/050335

distinctly closer to the aft end 3 of the watercraft

than the propeller of the stationary propeller device

5, which propeller, when the vessel nobves the aft end
aleatdequtdesmaning akes herokenceceonkinksnsindespedieally in

wat er cr af nd further. o t he chapnel _f ' .

BRERL Lttt (s e, e Eacee ' SRPEE, BV o

ithef faguies ithecomeopehkats Adcdhdi mgdder thr@pedilar devices 4
Lnej s, of Lhe inv I Sj

BELTELENES, St Rl APind 1S, PSS asc ena 3 o

¢corpratescyicpéhher theveoarsllen pfathe setaisinagyi pagpyller

g??fgepﬁP ﬂéﬁ ﬂ?%%%??ér,w&HéH]éHéiﬂ?s%%%?m?ﬁz%mfhe aft end

erent distances fromthe aft e
wheed crafidespgrdr thiafl prosae ore mbrakpududsr ghepeptercraft

dadl ¢85cHb AR ALT RRECEN MndiNG o#hba€Heh HhPTtHN&essel and/or
watercraft so that said propellers are | ocated cl osest

Perthellixdoatliet e spartPerprtly ith fhetikteprisarphgerned.
Moreover, the aft end 3 is provided with one or nore
propel |l er devices, either rudder propeller devices 4
8FCe¥dNDndPy phopetaidr BEIREERSS fOF rERDvillyshFoRen the

beBpeuitss effdrgeaphty cauttef dhe vRY of dhethe watercraft
wat ercraft, which devices are |located farther awa
CPBRT 1 HEPENGSE PRAHCSHI d-TpriffEIi efs "B tt ﬁ&lFﬁ%ﬁ’erthree

ptropeller deviees vhichwhes phecaessekwbraveterenliedadtances

nd 3 ahe in.the jce. This is jinmpqrtan s in_heavy
S o, ReobibkeRt St tatteoge Lo aini s Saf o frore
dugdelr bp egsdnkeiraldeyitbe frovregaofaridesl wat ether afftt iemd 3 of
e ice field forward. The figures show t.he nost
HHE St b oot BBAE ot nhoPRl B R R closest o
phevidedn tthusneastiatipenar in prigpelckeredeingee Mortover, the

S3PQ URAA orr fPprEind MW AP at anbaL  sRBBE R ppuices,
gihhés troddesumeopesldsf i deehtepr dpudisi oshapoewrryal Boopeller
%@sﬁces 5 for removing broken ice chunks efficiently out of
the way of the watercraft, which devices are located farther
away from the aft end 3 than said propellers of the rudder
propeller devices 4, when the vessel travels the aft end 3
ahead in the ice. This is important, as in heavy ice
conditions the broken ice masses already as such disturb

essentially the moving of the watercraft in the ice field

forward.

The figures show the most favourable embodiment of the
invention, which is provided with one stationary propeller
device 5 for removing ice chunks. In addition to this
operation, said stationary propeller 5 is advantageous, when
the aim is to ensure a sufficient propulsion power also when

steering ahead in the open water use of the watercraft. Within
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steering ahead in the open water use of the
wat ercraft. Wthinthe scope of the inventive idea,

whowewed7 even all propeller devices in the prBEEFI2808/050335

arrangenment may be rudder propellers 4 , and one

option may be an arrangenent, which conprises only one
rudder propeller 4 as the aftnost propeller for
bheaktmgptdﬁamﬂﬁuﬂnﬂeptmhenla®wjrmPWGvemheeaén all propeller
irection, ,and r o] r k

AV i Pt ohpBe L o And9B e RE RS I ek P BB flers
propmdsmmﬂ1qmtnangEWEnbe|anEﬁmnangndewtdLnﬁlqmagemPSlses only
hos t f_th 0 ChstPBreak;

R o N A S S A

thet beanwstler cthaht mpying ramg@ere axfcordiinegtiont hand two other
LOYEO! | 91h3q 1 kRat 4 ttaf(w%aﬁgns%r 2hbORefrBA ACL LT { & T ESunks.

are as good as possible especially in pack-ice and

Shei | mesheawdviapbagenith t | BPARRUIGtileAr farg@ggesenpy Be  each

Hﬁé?&&dd&ﬁo c*agtat% @99§érge&ata@ whgnr desicgai eenap@llons, in
shaping the front end 2 of the watercraft. An exanple

ghiehithe yappeearingsi ASoWRA Vit 8P, VB - al so novi ng
forward e.g. in a field of flatter ice, since in
gractlse t he nost_opti mum arrangenents differ from one

hbtadhe gf4 %%¢t%MQ¥ dBGr BatHeFetdi hg dhraRrecharceRding to

@hg1i§véd%ﬂ%ﬂtbﬁlﬁﬁaﬂnﬂigmhddTﬂén@krhﬁfbﬂ”cﬂd}aﬁaékl$ﬁ¥ts are
and in conditions with |ce rldges efficiently.

PRe9GRE e? T rRITS e SSRAGAY %IfélﬂﬁﬁaéﬁcﬁréﬁglFé?llar heavy
ﬁ;lﬁevl Q%‘hd4tﬂﬁl}(s pr efcaeabl yeahﬁnteur I’hﬁedy halef Bakatt N ineot hadtter
t he rep opell ers al n th| Sit

e GG “hEn DB RID D THE SCRowk SerbahF oBRe, 2 ©f
bué wuﬂaﬂdabfvarmmuexmmplarefmﬁn&euwabberamﬂdg nnthpen water,

cope, of the Lap ended, cl ai ns CL
E bvi ti hd"y Rt E?Er%ﬁ% ©-8spéli &l F)l/é\g% cff(:eﬁSr ea erlce' since

¢arqnashupe taakamsM'QpUNMww 4rmgeorbtyesigéfer wiftrthm  one

§¥F Icecg§getr eg?%?CQg§%¥gfﬂw 85'&&@ %Hg %1m is to

ercrafrt “has & h |rst en
spttmmb&ﬂmeQSp andfwhtch0¢soeqkmpmﬁ§k1ypesand secGﬂddltlonS

%Qgh ice ridges efficiently. When the watercraft moves ahead,
the rudder propeller devices 4 may preferably be turned half a
turn so that they are pulling propellers also in this

situation.

The invention is not limited to the shown embodiment, but
several varlations are conceivable within the scope of the

appended claims.



10

15

20

25

30

35

wi th a propul sion arrangenent, which provides the main
propul sive thrust of the watercraft, while the

wowedaeeraft noves with either end ahead, and tPEI/FI2008/050335

steering of the watercraft, whereby said second end
(3) of the watercraft is shaped and desi gned so that
it, as such, has efficient ice penetration
characteristics, characterised in that said propul sion
ement is chosen so as to include at |east three
propul si on devices, at least the magjority of which are
rudder propeller devices (4) and arranged at | east at

EWOA di fd&lent o St;?rﬁb;{i%lvi\ﬁéom LSai g second endevégcféflly an

the watercraft so n the watercraft nmoves in
i celagbriegkebuiclrd-aupsanda hsksigt.d saekard ends{s}laheddansport

the,Jysapel | g e Lk QR6.r Y e aRULSiOn A8\ GeSeristics,

| ocat ed near said second end ( ) of the watercraft is

ar ravgéd vesebeellc inee anfiuthe(pr opdill ér fkireh oM@ 6F) and a

DI & PhaPWrsi O(B d%&%ﬂc@lcaitse‘jec‘}&rﬁp%%r Anay; ifd ABSRK end
second end (3) the watercraft is arranged to nove

di ﬁ%ﬂ‘eg?at@@PPéél?ﬁ PEEARFRIAS -awdy1 §1t oREPHE§ethe main

bL”ﬂﬂ%pH9513e tﬁ&ﬁgﬁlyﬁd'@§§0W£Méﬂkﬁ%QtC|@hﬂlé the watercraft
characterised in that the propul sion devices | ocated

at Rivefer ghith dedtRfEe S othedd d aRdorfdeendtyHings ¢he the

watierterab b ra) ewd aggd ssiide sb}toﬁadenun theokatps abatercraft
di rection of the watercraft. thod accordin

to

| ooy ahdS ARSI e i Rt SonUGhs mife SPricient
pr apel behStﬁi@Lmﬁeﬁhaﬁ:.Et@fﬁﬁ:k‘ucﬁg anaraetdzwsledupnbyhat said
bl owi ng.a. water_ strea reby nor,

hs A8 SR ERE 8L S amaS AR st B i it east
i S t3iriekel pafopaﬂ]gl?@htdem t her Wedartcriafd naowaridyt g which
i ce buil up to rok n..and t broken jc

(T o el pRoPEOKERARd L) TRYE REPKRIEA BE AMLe ar
anyowe aiff fielrenpr @aedamgescl arore, sghdr aeterd seuldl m3t haf the

t h%‘ﬁ@&%&&f@@o 15 R gf%‘éhs'tﬁ’é‘ ?%é’ércc %flt”&‘é{?%?)diﬁ fce or ice

breaking rce are rud prope evi ces
build-ups with said second end ahead, the propeller

with one or more propulsion devices 1located near said
second end (3) of the watercraft is arranged to break ice
and the propeller with one or more propulsion devices
located farther away from said second end (3) of the
watercraft 1s arranged to move disintegrated ice or ice

chunks away from the ice build-up.

2. A method according to claim 1, characterised in that the
propulsion devices located at different distances from said
second end (3) of the watercraft are placed side by side in

the lateral direction of the watercraft.

3. A method according to claim 1 or 2, characterised in that
one or more propellers are used for breaking an ice build-

up by blowing a water stream thereto, whereby more of the
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5 . A nethod according to anyone of the preceding
clains, characterised in that the propul sion

wa@eeangEaent i s chosen so that it conprises tuPCEBI2008/050335

rudder propeller devices (4) arranged at a distance
fromthe |ongitudinal centre line of the hull (1) , on
both its sides, and a stationary propeller device (5)

ar ranged bebywﬂﬂlvbhehrudderfpﬂ@p@kbﬁﬁlﬂﬂﬂi@E&icéheis still

di st ance gf thgoggqﬁgller of gt %nar tﬁ%ild_up to

arra watercra t t
pr oPerPare devi TRE 17 om"€4ig°53¢ton
watkey drafkeni sndl ear hyve apgerernt hae Bhay @tothhe ice build-
praopel l ers of the rudder propeller devices (4), when
the Watercraft noves in the ice said second end ahead.
6 . A nethod according to claim5 , characterised in

hat, t vLces 4) :
e BEpE SRR 6 SRVLEES oLl Blligaiog, claims
powétarefctehesqqht!err ckEhdt . tife  watewgrafel af prwptlhsmn devices

wedek CPOP%'}%%H‘BJ; oft& E%a%&ééﬁﬂr%ielﬁép e&éxﬁl‘éelé (4) .

an |ce§rea ker or a cafgo ship, a tanker or simlar
transport vessel, which watercraft has a hull (1) with

fPl rﬁgtﬁ&ﬁj (a%%o@@pnga %éc%o%%d &§) t‘rﬁ@d M@Jﬁl‘n@ claims,

eqU|pped at said second end with a propulsion

ar rARgeRERTLTathti Dridwtdddet REORR HiPr GFFPEPFES: hirtistchosen

of dhanwat gkceahbri MY l@irhhg1 ¥atedddafdrdpayesr WidPices (4)
ei ther end ahead, and the steering of the watercraft,

WherEBPIedi A sechiid8RE {RIR dfet hBngab et icrdr cepsre Line of

shapedhand des| grewosd ihatsides a&nauéihstal't&%n@ﬁ:ﬁ/lﬁt@iﬁller
i ce penetration characteristics,characterised 1

TR apUPL] OR=aPTShgRTIRE e i | HO0Ch s PIFBREH Ty e ices.,
pr&ﬁ@|ﬁh@ﬂaﬂ@ykﬁe&heabrbﬁéﬁﬂeﬂ|m5 Waﬁ@mi§geﬂﬂbnuhberéﬁéiler
rud Erop | | er devices and |ch are arran gt is

Ieanlﬁ Fi f$Er%ent Gt q afitds & Ron?%aF ¢S &0 Céﬁ
(3kﬂ@brﬂhelmm§ef0tﬂim sikat haf whenptége Matrer cyfaftthe rudder

noves in.ice, qr. |ce ild-u with said econd end
ahéjaéape? & p?eovﬁ‘e P er Q\S}J\l t dh ongZChSr "AbY e pr%pfﬂoy on’ t(he) ice
dewdades skooat ethdnearagai d second end (3) of the

wat ercr aft

6. A method according to claim 5, characterised in that the
rudder propeller devices (4) in all correspond at least a

half of the total propulsion power of the watercraft.

7. A watercraft with improved ice penetration characteristics,
especially an icebreaker or a cargo ship, a tanker or
similar transport vessel, which watercraft has a hull (1)
with a first end (2) and a second end (3) and which is
equipped at said second end with a propulsion arrangement
that provides the main propulsive thrust of the watercraft,
while the watercraft moves with either end ahead, and the
steering of the watercraft, whereby said second end (3) of
the watercraft is shaped and designed so that it, as such,

has efficient ice penetration characteristics,
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is arranged to break ice and the propeller wth one or
nore propul sion devices | ocated farther away from said

waewomar4end (3) of the watercraft is arranged POI/RR0GS/050335

disintegrated ice or ice chunks away fromthe ice
build-up. 8 . A watercraft according to claim?7 ,
characterised in that the propul sion devices | ocated

at qﬁathemeniseﬂsﬂnam®es b2 oo it ls@ oo nalr s of@ Nt ofomipel ses

Vet gr Gl ?ﬁ]_e% 91§i<gxf @é(zgl%' de LE‘ Ié‘aesé e’ Rhjority of

dlrectlon 0] ercr raft
aco@wnﬂhngat© cﬂw%dﬁr7 mwon?llechaﬁ%ﬂmQ§S|sé@ i renchawhifle are

%[Pki]a%'gga dgvi s&ss4d ntended fcﬁrff%ir hpt eglabhodsaon saig
breaking 1ce are rudder propeller devices (4) . 10. A
watscendf t eadcof i ngft o thRyonetefcxdfd nso7 thgt | when the

characterhsedpdid hat {he fropu %ﬂridaﬁﬁén\g?ﬁ?néald second
conprlses turnabl e rudder propeller devices (4)

ar redged)ataheadi sttigc ®rPPeid ¢heWl BhgPivdPhaloEenPFepulsion

i nevabebheobidy bar sQRAPOEEodd i &S, 0@NEh8 watercraft
stationary propeller device (5) arranged between the

rud@e@rﬁﬁﬁﬁ%¢l?ﬁ bgegkcise and tRenREepeklin W&éao?@?rﬁf more
t 0 flopums10n ebdf&d eIé@eﬁ:dsdi Ned e rt RQAKUOARIM said second

prop eIIer devices (4) in_all correspond at |east a
hal%f( 3¢ haf t PealvasesptR 5 ofF FowerIst thd kst &ieiafgorated

ice or ice chunks away from the ice build-up.

8. A watercraft according to claim 7, characterised in that
the propulsion devices located at different distances from
said second end (3) of the watercraft are placed side by

side in the lateral direction of the watercraft.

9. A watercraft according to claim 7 or 8, characterised in
that the propulsion devises intended for disintegrating and

breaking ice are rudder propeller devices (4).

10. A watercraft according to anyone of claims 7 - 9,
characterised in that the propulsion arrangement comprises
turnable rudder propeller devices (4) arranged at a
distance from the longitudinal centre line of the hull (1),
on both its sides, and a stationary propeller device (5)

arranged between the rudder propeller devices.

11. A watercraft according to claim 10, characterised in
that the rudder propeller devices (4) in all correspond at
least a half of the total propulsion power of the

watercraft.



