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Mari ne Vessel Technical field This invention relates
to a marine vessel conprising a hull wth a

w@emwbnadeht ne, a propul sion system and a keel PCT/FI2009/050139

arrangenent according to the preanble of claiml.
ckaround art Mrine vessels, in this case

@%VF%%@#%??& tug boats, are provided with a keel in

order to assist directional stability, steering force
eneration and roll-danping. Presently, so-called ASD
eshnigahfiedd Stern Drive) and conventional tug boats

are provided with a keel extending nore or |ess over

the hull length. These keel s have a | ow aspect ratio,

Thizdevemiprt heatesntefd nairieet vessel comprigingu halt egth arenae-line, a

they are fixed and still have a | arge transverse area, ,

prasyIsipn sysieramnd a keglagasge@est apeRratdchsi preapble of claim
o-cal |l ed Tractor Escort Tug Boats are provided with

either a cycloidal propeller (VSP - Voith

Schi ffstechni k Cycloidal Propeller) or Zdrive in the

ggw and a I?ége fixed fin at the stern providing the
ckOroMNd 3fte. Al though there is some i nprovenent in

roll-danping in open seas, side stepping is

significantly reduced, considering the extrenme fin

Masinei wessiets, rielthisi easet partinelady ritig dasits, garavproyideadwith a keel in

Bivte dp et dharhorloHaPEM seeriiti ke Whssla L Ao oflgarmeing.
PrEIr@iys seedlie® A@D!(Azﬁ—’mﬁh@ stenVHSE9 | ard Ebnwdhtional tug boats

I mproved manoeuvrability a superior sea keeplnq
pea Povvigert avithTRi ked pderding rapreaiohdespvar fig inné length. These

¥EQSHavBSS R)rv?.bggeétora% alle'ﬁ'dérin-é qﬁer%ﬁlaﬁicieq{?%scffft,gﬂd;gurfaces, and
TAventi on I's mal htal ning the Basic principlée o

ke ¢hey sy fixeed and still have a large transverse area, they significantly reduce
side-stepping capability. So-called Tractor Escort Tug Boats are provided with
either a cycloidal propeller (VSP - Voith Schiffstechnik Cycloidal Propeller) or Z-
drive in the bow and a large fixed fin at the stern providing the steering force.
Although there is some improvement in roll-damping in open seas, side-
stepping is significantly reduced, considering the extreme fin position in relation

to the centre of gravity and propulsive thrust.
Summary of invention

An object of the present invention is to avoid the above mentioned problems
and to achieve a marine vessel with an improved manoeuvrability and superior
sea keeping performance. This object is attained by a marine vessel according

to claim 1.

The basic idea of the invention is maintaining the basic principle of a keel, while
reducing the lateral area in side-stepping manoeuvres, and having the keel

playing an active role in manoeuvring the marine vessel. This may be imple-
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reducing the lateral area in side-stepping manoeuvres,
and having the keel playing an active role in

worewoawsdT ng the marine vessel. This may be i nPCEREMISS0139

by providing the marine vessel with an

SEMGcE bl afibV AL B RHLE ESetitn B rth i flbRE| pigpuision unit
and with Ka@lel rRempgerint havire an Acics ikeel lgﬁnlwumeabrﬁ-ét actlve keel
which both are rotational keel nenbers. The ke

el
ﬁLetmbﬂf Re¢|a sesondt agtivieulaelr merprer; yitien bﬁfhya@f f@@f'@na| keel
rg vessel on which it is enployed. Also, a
rud er only creates a turning force around the centre
of gravity of a vessel. A particul ar advantage in tug

operation is that the keel plays an active role in
Egﬁlkﬁ?hgraﬁ%’%éﬁ%@ 'ﬂ%@%&qff?raﬁh%tr wegRInly effeels yamef a vessel

8 Mnién #‘telglen%%?ed.nAIgS' bqﬁadg Snlk%réé 8y ELﬁ’nﬁﬂBefoFééNaround the

poi nt o I ne vesse nltlon act

centre oliguaityodadveskeal t he actlve keel unlt as a mhole,
i.e. the first and the second active keel nenber are
not fixed, but that they can be noved, i.e. rotated

AT 4Hheuar ‘é@(/bht‘é@b |ﬁxt'u? cﬁferb%ﬁtlé Pthtthh(ere?%)%%tarﬁ chl\‘ﬁé‘ role in

centre |i ne, oOr I ne, he nmari ne vessel
applying Ekétﬂerlm@l fpr¢estq armgttanded a/tesaeialTh&eaéltlva rkeel a¢t|$en deliber-

tive. [, unijt 0 bel t he generally
ﬁ%rrngq“:tPolﬁth)ggggt#\gtpng Oﬁirhé ﬂ%re g‘Nne vessel . The
active keel unit affects both yaw and sway of the
marine vessel. By arr rgg%ilng the first active keel

By ribe dedintionractivedbisdundarsipedidbal theeagive KQﬂiléﬁdS@r@EeﬁthiDb i.e.
FP'T ‘EE 8ttH8 sechié aIEY\‘?%‘R%Pﬁl%e?r}a\?brr%?g?(@B bAf tHaf$hey can be
2 e er ordér-t Y1 NEr eade

e enh
movedpive rra;gateﬁfarouan@yverﬂdaltt&)tls og rotadodiwitctespect to the centre-

the an of attack individu for act | ve keel
‘ngﬁé'”SpP% Fﬁﬁﬁﬂﬂfd’i‘@n\’e%ﬁ? Jﬂ%/q agtive E%e S g fotational

R&]—Wlﬁﬁtt HAR JUHl/B k%eﬂﬁﬁit rhepé!&ﬁéﬁéd BaRVWEIME é’é}?érbh'y R¥e B9 less flat

a T'ong |'ow aspect Tat

bottom of the marine vessel The active keel unit affects both yaw and sway of

the marine vessel.

By arranging the first active keel member and the second active keel member
independently of each other, the hydrodynamic environment for the first keel
member can be enhanced in order to increase manoeuvring efficiency. Adjust-
ing the direction, i.e. the angle of attack individually for each active keel member
the optimum amount of lift can be achieved.

In connection with a marine vessel conventionally having a long low aspect ratio
keel, e.g. an ASD tug, the active keel unit advantageously includes a first active
keel member and a second active keel member. As the keel members are close
to each other and aligned along the centre-line of the vessel, they have a hy-
drodynamic influence over each other. The aft active keel member will face a
flow with another angle of attack than the forward active keel member as the
forward active keel member can affect the flow direction. The active keel mem-
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keel, e.g. an ASD tug, the active keel unit
advant ageously includes a first active keel nenber and

wa2®eanesd’ acti ve keel nenber. As the keel nmenmbRCEFROIE/050139

cl ose to each ot her and aligned al ong the centre l'ine

BErst O, S Bl ap Vi o e o R4 Ve Gy, BF P with re-

8pédtay/ thé tBneemhBeor nélellmeobf el dekiné WaBsdéINFhé dicnaé ®eel mem-
active keel member as the forward active keel nenber

bais areftbus retationalkgelmesakersn. The active keel nenbers
can thus be noved, i.e. rotated around a vertical axis
of rotation with re spect to the centre-line, or keel

Biynetatiof th@active keel mesbers, tfﬁben@td bi/@ttam(ecbf threrkebkinsrelation to
are thus rotational keel nenb

at |

K& yvaterdiow C%Hﬁ@@erenhgoah@eearaﬁle ;9)8[ @atéﬁk of ?h%eulkeéthe vessel.
This" it g ot Yerlerpd R B GF bEBhing MBwer with a
smlallereaa@lleeofaattarg( foodhe ttog @mbntaelé ﬁoneecajemlyl iHis wolt allow the

Ki th I I th
RisoBatat! d08E mbliesih Sndtin iy (el Mok 16 fripfheiafigs head-
P@atl'h'erhcﬁ/%‘n%de WRdSe 58eRMEbater ¥hitholtah QQWHF}J for Ehe hﬂg boat in
the direction of heading. The advantage w I | "be seen

givebexpesatingosituationand stability for the tug boat in
gi ven operating situations. The active keel unit,
conprising e.g. the first active keel nenber and the

FRE avide &ekl vRitkesprBiRgad.g. the AdY abtivg Redishgnmbe?\drdethe sec-
Wi th a support frane ineluding a forward support

fedinstive Keleb mprben, n%Iadé!@BEglepUﬁlﬂlﬁf@Mdﬁﬁ'dWﬁfh aawpport frame in-

T f
SUBPRL P, BROS sy Pefen o [GRuBAL KEGR0R HBRNS; £A an art
suobgro ssnther. Thkelsupiport fsamel@to\ndes aByepmoior@rogctioe and stabil-
first active kgbl nber and ,H; second, active keel
i ibe@nRGtign avi $a8e Pesaite CQliRioR PHHa¥RNTani
environnent for both keel mem bers can be enhanced in
order to increase the |ift force. The conmbn base
Byaprevidmg tet first amhive hkeephreneberrand thevsagoridactive kkelemember

ne[H‘oa com nc% ngé p?aqe the hydrodynamic environment for both keel mem-
bers can be enhanced in order to increase the lift force. The common base

plate can act as an end plate or tip wing for the keel member wing sections.

The active keel members can be rotated to a transverse position in order to
minimize the side movement resistance of the tug boat to enable a better side
stepping capability than could be achieved with a fixed keel provided with the

Same area.

The omni-directional propulsion unit, e.g. a steerable propulsion unit, such as a
steerable thruster, or a cycloidal propeller, thus provides the primary steering

force for the marine vessel.

The present invention is particularly advantageous in connection with tug boats,
as discussed above and below.
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The active keel nenbers can be rotated to a transverse
position in order to mnimze the side novenent

w0 e®vsemate of the tug boat to enabl e a betterPGi/ER009/050139

st eppi ng capability than could be achieved with a
fixed keel provided with the sane area. The
omi -directional propulsion unit, e.g. a steerable

VaABUS Sadantdddouss eetboamantst eertabl prdsehtShesntior afe given in
cycl oi dal propeller, thus provides the primary

glees 2l -force for the marine vessel. The present
invention is particularly advantageous in connection
with tug boats, as discussed above and bel ow. Vari ous
Beliefidiesgeiptio ncofbdidiwingsi t s of the present invention
are given in clains 2-1 1. Brief description of
drawings In the follow ng the present invention wl|l

. of B X ,
PPIRREbMIE Ine et IRl o AN S fitoried, BBl Slample only,
ishinote Eetil viith tdferencatte sheaftacstd schsodhtieditavofigs, hie
@ esent invention, Fig. 2 illustrates the first

di ment in one operating node, Fig. 3 illustrates
the first enbodi nent in another operating node, Fig. 4
illustrates a second enbodi nent of the present
Figv dritusirgteaadirst @nbedimean of tha present ivedtiembodi nent

Plogar ButpE s raY RlteBlne T HnsrdadiSTTb iRkt s 2
FRY. BNRUstRRES theMiise BribodiThesteid ahoidr operaiindinidde,
centre-line 2 1, a propul sion arrangenent (Fig.

6) .,
higd 4dihusdeates @ sesend lﬂﬁmQOd_gm.enR@f Bedresent i@MefFiiqrh@ﬁ)Qat es
Bid, 8Tuirhiend fq A IRLEREOMAE S bse AIATERRANT N 1O

e "bow, srgn A I'ndrc

and reference si ates an aft end of

Detailed description

In the figures reference numeral 1 generally indicates a marine vessel which
comprises a hull 2 with a centre-line 21, a propulsion arrangement (Fig. 6), and
an active keel unit 3. Reference sign F indicates a forward end of the marine
vessel, corresponding to the bow, and reference sign A indicates an aft end of
the marine vessel, corresponding to the stern.

In these embodiments the marine vessel 1 is a tug boat which may be of any of
the types discussed above, a so-called ASD tug boat, a Z tug boat, a Tractor
Escort Tug Boat, as well as any other kind of tug boat. Tug boats are usually
high-powered in relation to size, and they are designed to be highly manoeu-
vrable, whereby the active keel unit provides a large number of advantages.

The propulsion system mainly comprises an omni-directional propulsion unit,
such as a Z propulsion unit, other steerable propulsion unit, a steerable thruster,
or a cycloidal propeller VSP propulsion unit. The propulsion system could also

comprise a conventional single screw or twin screw propulsion system.
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the marine vessel, corresponding to the stern. In
t hese enbodi nents the marine vessel 1 is a tug boat

wakighoswsay be of any of the types di scussed abP@BEFI2009/050139

so-called ASD tug boat, a Z tug boat, a Tractor Escort
Tug Boat, as well as any other kind of tug boat. Tug
boats are usually high-powered in relation to size,

RNthet fORYWRIGEthB finengtexXpPe o k@ b¥a RN ARUuYsRRIrahe marlne ves-
whereby the active keel unit provides a | arge nunbe

8¢l hdiame el is Tiear Hialpne Hresend yRaatondnay pe(,d@;ﬁaﬁqyege\glth other
@)&5 méjrjir{ee\‘;é%s%fba%%weﬂpm sion unit, such as a Z
(0] ., 0

pul si-on uni er steerable propuIS|on unit, a
steerabl e thruster, or a cycloidal propeller VSP

Ero pul sion unit. The pr.opul si on s%/stem coul d al so
e i 1s Blugt r@‘iﬂ%v@?mﬁ”&ﬁ%'m§ﬂhgné’v@'8 d(e grating ryeseglely i-e. the tug

B6APY ?H\f‘déc}’ i n?arl\ récf{/? k%@' LRI h%e%&ﬁﬁaééé a first active keel

expression tug boat w euse or t rine ves

geimider Foaed arsecondiastiee &ael meetber B2. pr esent i nvention
may be deployed with other types of marine vessels as
well. Figure 1 illustrates an enbodi nent, in which the

Wleé‘%rﬁrﬁﬁﬁlbnﬂthé aBtivd Reel USit BoORE, théﬂFﬁt%\HtN@q(é@I tember 31
an active keel unit 3 which conprises a first active

Redthensebend activekaelamesdwidBZa8id a@ang@cu witirh @rsugport iname 4,

ISR BRI A TS b Bl nell A e ekt 27 or koo

n@eﬂbﬂﬁhé%a’ﬂr% vddsangerd av prdairﬂfréméllpm@rddefsfa?lﬁﬁos‘tanMIly%rtlcalIy
is attached to the hull of the tug boat, along the

aeanged formearg suppejt rR%r@pET hé, a@ﬂbﬂ@@tlﬁ&y hﬁ@zwg prranged lon-
-grﬂl?(yﬁéllpsﬁfﬁ)ptor{ t[n@ﬂ?oe‘?‘ 4 %lnﬁfag%%%gﬁél )ﬁn\éénﬂggélll)%ar{?n%ed aft support

sighsiiert 3. aTHeyfomalrdzwnmirt sheaibyexrgeid a\rcxmgjeﬁ%hnaﬁd of the first ac-

support nenber_ 42, substantially _verticall
$ Eﬁ%‘e@eﬁﬂersﬁ}p%q 1%1 Pray. m?'ﬁ@ef &?’\Aﬁ@cﬁraélﬁlﬁﬁo@ﬁ of the sec-

Eﬁ&%%ﬁvé‘ del r@eﬁ{bre?gge#hfac?{)ﬁ@fﬁ i) sru'bﬁg g rﬁéltngglz 451i¥8ligned with
an t¥ support i's
mereergee}hraé 21dif thedug boabnicheastppaet kephbererftzene a2d stipport the

actlv% ket una}|3 with géérdqg %u‘f% e'msd ger'm Fne \3“1 ol? the tug boat.

The first active keel member 31 and the second active keel member 32 are ar-
ranged to be rotated or turned around a substantially vertically axis of rotation
(not shown) with respect to the centre-line 21, or keel-line, and the longitudinal
support member 43 of the tug boat.

In this embodiment the omni-directional propulsion unit would typically be a
steerable propulsion unit (not shown), either at the forward or aft end of the ma-
rine vessel. The marine vessel could even be provided with a plurality of such
propulsion units, both at the forward or aft end of the marine vessel. The steer-
able propulsion unit, such as a steerable thruster, thus provides the primary

steering force for the marine vessel.

The keel members can also be located side by side to each other with respect

5
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the centre-line 2 1 of the tug boat. The support
menbers frame and support the active keel unit 3 with

WO e@anwedd the hull 2 and centre-line 2 1 of tPEI/F2009/050139

boat. The first active keel nmenber 3 1 and the second

BB L B R et OEPBRCal Uy R & 0

rotation (not shown) with respect to the centre-line 2
1, or keel-line, and the |ongitudinal support nemnber

RRuse 2t Hwwsiigerrriive kegl URit S @ibedirskammbediment of figure 1 in a first
o™ G NARED TRB! iRl ARHLS R W?é '$)1 dahd R gagéc%nphae@tive keel

erable propdl si-on “uni t “(not elt

ﬁmmi@errcﬁmareaﬁutnemmooé ot hessmat armgfﬁ ar@@&i theldentrealingn21.
vessel could even be provided wth a plurality of such
propul sion units, both at the forward or aft end of

BgechFﬁﬁ Re §§|ke '?ﬁerﬁb&%r%bhﬁ%rpmuéﬁ'lﬁtrénHBthlre%ﬂSH of tug

a st erabethruster tf hus vides the prinmm
boatetiangl, f thec tug dooat Ixearrrwalsmye pm‘ﬁrrm a ﬁhmwdewre rreumer% side-
can al so he | qcated si e to, eac

L ith .
S@3plict Sumeh o Eenosti Ted KeeTon eRusmely il ribactive kee
Fridon 33 tcanthé vo@ited ﬁﬁ%ﬁéﬁl@r%bbé’lﬁoﬁ‘?ﬁ'or@@ fo |$1|rﬁf'n|£é"€he side

first enbodinment of figure 1 in a first node, in which
revefriand resistanee qiél@e tuge bbat togenakia @ beltersside stepping eapability

875 G BE s e P16 ReFeidsiing ndebnbiion

keel menbers to align with an intended direction of
tug boat travel, the tu? boat can easily performa

Frighioe B peows ke ‘agtiveikesT snépbiohdne firstcemppdiment frfigure 1 in a
gé&.ﬁ@ fogk | wﬂ?(cthr%?éx \gé féé%lcrldbhbe-p%q 5\% ti’eesg&ﬁ{d active keel

rs cah rot at ransver se
oetesert 32 M ai position Waess dteynmeeommshglat’sy ahgredewmrﬁ régrard to the
t%gt 8at to enabl e a better side stepping capability
Fe8%I”d- be achieved with a fixed keel provided wth
the sane area. Figure 3 shows the active keel unit 3
of the first enbodinent of figure 1 in a second node,
Sochva pchsifid)m ¢ adearntagedeein wewbef in8raasamgl thenmdsecbioaving force

w%t | Vtﬁe tug boat operates in an escort mode. The angle of the active keel
members can thus easily be coordinated to produce a maximum lift, and conse-
quently a towline steering force, for a given tug boat heading. This also provides
for safe escort at high speeds by providing corrective steering or braking forces
e.g. when towing tankers at speeds of around 10 knots or more. This is a nota-
ble advantage as tugs that are normally designed for escort at such high
speeds are less manoeuvrable due to their fixed keels. In the instance that the
active keel takes the form of two keels replacing a single, fixed, low aspect ratio
keel, the keel system according to the invention provides a notable advantage
of a higher lift efficiency then that of the single fixed keel. This enables tugs that
normally are designed for low speed work, i.e. inherently ASD tugs, to perform

higher speed escort due to the ability to develop higher steering forces.

As the active keel members are aligned along the centre-line of the vessel, they
have a hydrodynamic influence over each other. Adjusting the direction, i.e. the

6
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menber 32 in a position where they are only slightly
angled with regard to the centre-line 2 1. Such a

w@ooiiwa? i s advant ageous in view of increasi NRCT/AER009/050139

indirect tow ng force when the tug boat operates in an

PG dr ARG nd Uy BRI e 28kl G BB er TR iy mount of

rindas Pt |y a towine steering force, for a
gi ven tug boat heading. This also provides for safe

escort at high speeds by providing corrective steering

gg/ rgfa?rhggﬁe@% ?e@l HempRAl tﬁ.ﬁ\%@% i) cg%e SREEIRee! unit in

ar ou S Or nore. ISYIS a no

el atdont a:gmeazvatergl@vrt ban berdiffe@ntiddony thike ahgleesf afttzrck of the hull of
escort at_such_hi & speeds are | ess nmanoeuvrabl e due
the veesel. Thiseyillceaakle g fug peoaf ﬁ%t%meéateﬁaprq Ridlea it joy Preaking

ps&bamt{ﬁeé srﬁbfflefr%rn@aét’f)f %K\gel ttﬁertﬁ@e tNGef. BoRekuently, this

I xed, |ow aspect system
wilaltali tie tug bbat imescart mmc#er tmvd)rokerateathbtthbltmw closer to the di-

adc)ﬁ@ﬁéo eebind J s artounafl bs RIS meler sopen 7ip sty for

tfrpﬁlvbﬁ"&p%? S0l ¥Ridtions: € inherently ASD tugs,
to perform i gher speed escort due to the ability to

devel op hi gher steering forces. As the active keel

BE S0P Poft B P 408%E Ay&RSaS 1 8P ffe % o Rerpaned vortex

geheratioAditupiel leadingeedyd ¢Rirward supgortthémpel @19fand the trailing
attack individually for each active keel nenber the

ep9e MafhPapRAThmesnben43) of dne pePRRHKTéM&d: By rotati ng

the active keel nenbers, the angle of attack of the

active keel unit inrelation to the water flow can be
?Hhépr@t)tt ﬁ'aimmét bl&soaprgiv&iersfa ahé ek farfprotestionl dndostabliiey for the

vessel enabl e boat t ger]erat e _nore

ariiee ‘F‘?Q'tunﬁr'” HPB%W!?@ WG’O@PC 9r?rz9°§ﬁ§>|'€} eolligiag siugtons.
attack for the tug boat itself. Consequently, this

will allow the tug boat in escort node to operate with

The dotive keekenit 8antthis embodiseni enthofls éheatdiiongl KBekunit, whereby

?ﬂg%/ %Srt’r%gpondrng me(rennse?“?lqe frpstba% &/ee rkeePnt : Qbera;'pldcons Eutestay first ro-
tational keel member and the second active keel member 32 constitutes a sec-

ond rotational keel member.

Fig. 4 shows an embodiment where the active keel unit 3, i.e. the first active
keel member 31 and the second active keel member 32 are arranged inde-
pendently of each other without any kind of support structure along the centre-
line 21, or keel-line, of the marine vessel 1. Since no support structure or
framework is present, the first active keel member 31 is provided with an en-

hanced hydrodynamic environment.

In this embodiment the omni-directional propulsion unit would typically be a
steerable propulsion unit (not shown), either at the forward or aft end of the ma-
rine vessel. The marine vessel could even be provided with a plurality of such
propulsion units, both at the forward or aft end of the marine vessel. The steer-

7
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the tug boat in given operating situations. The
support franme 4 also increases roll danpening due to

wa@eoovneswensed vortex generation at the | eadi ngPEHER009/050139

(forward support nenber 4 1) and the trailing edge

etk SHEn 51 svrigRtis 1RRRL ShOEPeduges e primary

8tedrinf abicki by tHeOmaking vagéélve keel unit in connection
wi t h docking or possible collision situations. The

active keel unit 3 in this enbodinment is thus a

t.ati I 0
Ay RO il Bt B S o SRR e mpring vesse!
fHayshaveo at Iaydrodymam&elnﬂuenberoveneabheother:omjuethtg Viee direction,
keel nenber 32 constjtutes a sec ond rotational

Bnihe ShoRw! attatto el viskiaiw o, SHEh siiie KSelhgeaber de optimum
5ﬁ]%|unygf|ﬁft Ban beeachLevedf' rst active keel nenmber 3 1 and
t he

second active keel nenber 32 are arranged inde
pendently of each other w thout any kind of support
structure along the centre line 2 1, or keel-line, of
the marine vessel 1. Since no support structure or

rhamRvE kebPult Qsiﬁ't'rﬁls dnSodient iPhus\ELrdtagdndTieRenn® Whereby

is provided with an e n hanced hydrodynam c
En® icoraapMNding mnaries teedicstiactine kerbmenmberdIr eanstiduies a first ro-

BB petreibbr PR eint Ry ety BB RRET S Gansiinges @ sec-

8hd rentdoril Kdee menérne vessel . The marine vessel could
even be provided with a plurality of such propul sion

units, both at the forward or aft end of the marine

L. I I . .
47338h0p TS 21071001 TSR ShoMUE G0 8 B e

fadation fothet Watemrdv\nearvees@ﬁerem fiohe thee ehgleesfbeattackaofethe hull of
al i gned al ong the ntre-line of the marine vess #
%wﬁ

teeyesssle TaishyHy & &Ug poptdp Genslale BQee, Silenkit or breaking
ﬁ&géwltﬂg ts'ft%}lﬁe'rra‘?] Bf‘att'act?f MPI% @ EnJ% t%eﬁt b%%ﬁﬁuenuy, this

I'vi dual | act ve er the opti
will allow the tug boat in escort mode to operate with the bow closer to the di-

rection of heading. The advantage will be seen in better control and stability for
the tug boat in given operating situations.

The different operating measures and advantages discussed in connection with
the embodiment according to Figs. 1-3 are applicable also to this embodiment
as appropriate.

The keel members can also be located side by side to each other with respect
to the centre-line 21, or keel-line, of the tug boat.

Fig. 5 shows an embodiment where the active keel unit 3, i.e. the first active
keel member 31 and the second active keel member 32 are provided with a
common base plate 5. The common base plate 5 provides some support to the
active keel unit 3 at the same time as it enhances the hydrodynamic qualities of
both the first active keel member 31 and the second active keel member 32.
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amount of |ift can be achi eved. The active keel unit 3
in this enbodinent is thus a rotational keel unit,

wob@paiws9T n a correspondi ng manner the first arCT/FE009/050139

keel nmenber 3 1 constitutes a fi rst ro tati onal keel

nb |
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of the active keel unit in relation to the water flow

can be different fromthe angle of attack of the hull

Bl S5 Flent THb ol breaRblee o iigdh gl MafESERAR be o

m)res br eaki'n

steerdblapkopuisionhmitt (not bba\tvn) testblef at Genfoewaendr ¥ft ehdicf the ma-
will allowthe t_ug boat in escort node to operate with
fife VE§5Elc ITHsnatine (vReSel; ¢uid ieyRNdie REyidetWithie p|Ura“ty of such

?%@ﬁ%nﬁ%' botRet38E Forwhr Fr i e 5P B FH n%?ﬂe%%ﬁg'ﬁh% steer-

boat i n given operating situations
ebfeef pmmlsmrpeumtt isngh resasustesratel thabster diges pdd\Edes sieel primary
n congect on W th the enhodi nent according to Figs.

ite§”59 oL IPY INRINANAe ¥6S%¢- t hi s embodi ment as

appropr| ate. The keel nenbers can also be | ocated side

K side to each other with respect to the centre-line
2he actve keel unif ddn this etrhfeodlrl@nbmthusm ptatorddesl enit, whereby

1 S EE PO ot hE 4B o Bt G e inecitien 21 sartstBies a frst ro-

legiohanesdiahe BbenbAdhe \edead \dctiVie ReePmepibdp BPecinAAitfteb a sec-
The comon base plate 5 provides sone support to the

aod rotatieeal| keghmendet the sanme tine as it enhances the
hydrodynami ¢ qualities of both the first active keel

menber 3 1 and the second active keel nenber 32. The
Bomotatingake aptl\’ﬁé Reél membersinigeangle of dttaugi dfllldda mative keel unit in

dlrectlon and a ned th the entre line
relation Ch@e Wfatecrﬁb E‘P”wﬁ Qiffe'ieﬁ‘é Oy %ﬁﬂg'elfﬁ Qttﬁcg of the hull of

tﬁ{%?%éé v B%h\‘fvlllogﬁ‘éblg'é 85J HR8Rlo RePRrAE! FBrd'Bide W@Wrbreaking
power with a smaller angle of attack for the tug boat itself. Consequently, this
will allow the tug boat in escort mode to operate with the bow closer to the di-
rection of heading. The advantage will be seen in better control and stability for

the tug boat in given operating situations.

The different operating measures and advantages discussed in connection with
the embodiment according to Figs. 1-3 are applicable also to this embodiment

as appropriate.

The enhanced hydrodynamics with regard to the embodiments of Figs. 4 and 5

raise the efficiency of manoeuvring characteristics.

As the keel members are aligned along the centre-line of the marine vessel,
they have a hydrodynamic influence over each other. Adjusting the direction,
i.e. the angle of attack individually for each active keel member the optimum
amount of lift can be achieved.



10

15

steerabl e propul sion unit (not shown), either at the
forward or aft end of the ma rine vessel. The mari ne

wae®eahIeedbul d even be provided with a plural it RCDFI2809¢050139

propul sion units, both at the forward or aft end of
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appropriate. The enhanced hydrodynamcs with regard to
theemanpedesedlt s of Figs. 4 and 5 raise the efficiency
of manoeuvring characteristics. As the keel nenbers
are aligned along the centre-line of the marine
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tug boat. Although the discussion above mainly relates
&C‘g boats, it is clear that an ac tive keel unit

il as well be enployed for any other kind of marine
vessel of fering the same or simlar advantages.
Further, the nunber of active keel nem bers is not

i ivlariee vesseheompsiséia iyl dr) wile appniredine ¢Al), i Progulsipn sys-

j e ' [
Ehnshd 2 el U RRIMGHC JHArICRIRR h T B KRIARSIon system
bemprsed eth shmhé-dirgctortks pbropalacdm ohhe(ﬁ)vwhdn thesl;wtartangement
the centre line, or keel-l] mari ne vess

§QFE5‘BB??S AP AGHve kegl %@ﬁ@ﬁ”‘ﬁh@é‘rﬁl %ét'é(eriﬁ@ H@rﬁ?%’v@aéénd a sec-
l%ﬁd %gﬂ@@%bpﬁ}e\MtL (827, &id [P B FiMg deBioh k'é%ﬂﬁfe’rﬁb?r (31)is a

e ac |ve unit takes account
tdtetlmryqié@ef ntemebeuT arplnstha th;gsewnd:écm\mekwlrrhember (32) is a ro-
sset1 he d scription and the thereto rel ated
QiPhiRe! 41 ﬁrylntendedto clarify the basic
concept of the invention. The invention may vary in

Qetl\ﬂaﬂlné\ﬂvbb‘sél adbcoraipgPe ehirhhe eRatdcierisédiinahsl Bidrst active
Mari ne vessel conprising a hull (2) with a

&@ﬂtm@mhené%)zanq the éep@r@bar:&ve)hegly@enmﬂr (8AHaee reanged inde-

ﬁ@&g@)‘r&% chc&ﬁé?‘:t erised in that the propul sion
stém’co

rises an omi-directional propul sion unit
(6), that the keel arrangenent conprises an active
BedVlanme tve689l a¢dondiagftor dainadlt, icharaetdriseeihrirethat lreiction of the

and a sec ond tive keel ne 32), and .in that th o
st kpelmprer a3l 2ng i peead Soigharbsr BAldnariaged © be indi-
W%Waaﬂgtdtﬁethat the second active keel nenber (32)
isaTo Jtatl onal keel nmenber. 2 . Marine vessel

according to claiml1, characterised in that the first .
éctl\i’laren&e/elsweamrdmgltO) claid t.heharacterised tin ibak & first active

Egeqb r%m% )(3?)r &nd'thé con ggﬁ‘ve keel member (32) are arranged to be
rotated around a respective vertical axis of rotation with respect to the centre-

line (21) of the marine vessel (1).

5. Marine vessel according to claim 1, characterised in that the active keel

unit (3) is provided with a support frame (4).

6. Marine vessel according to claim 5, characterised in that the support frame
(4) includes a forward support member (41), a longitudinal support member (42)

and an aft support member (43).

7. Marine vessel according to claim 1, characterised in that the active keel

unit (3) is provided with a common base plate (5).

8. Marine vessel according to claim 1, characterised in that the omni-

directional propulsion unit (6) is a steerable propulsion unit.

9. Marine vessel according to claim 1, characterised in that the omni-
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pendently of each other. 3 . Marine vessel according
to claiml, characterised in that direction of the

wo poogtiodeeel nmenber (31 ) and the second keel nRCIER009/050139
(32) is arranged to be individually adjustable. 4 .

[i.ne sel .accor.dj t l.aim 1 haracterised,in
Ohac el BRIl BLERT Yo Ry ieflathopsitb ARl aitcong
active keel nenber (32) are arranged to be rotated
a0 Matné vessg eccoring & tiatral1, @hiagaclerisedaini that thiet Marine vessel
resPect to the centre line (21 ) of the marine vesse
tatyg bod. Marine vessel according to claim i,
characterised in that the active keel unit (3) is
P WAL vBE&d) SecOHRRE D diAiRTH0( fhardtteri 'iﬁﬁtngﬁﬁ%e{ug boat is
according to claimb57 characterised I n that the
AGph a-drive,ard rédipr Escotdesy Bodtor war d support menber
(41 ) , a longitudinal support nenber (42) and an aft
support nenber (43). 7 . Marine vessel according to
claim1l1, characterised in that the active keel unit
(3) is provided with a common base plate (5). 8 .

Mari ne vessel according to claiml, characterised in
that the omi directional propulsion unit (6) is a
steerabl e propulsion unit. 9 . Marine vessel according
to claim1, characterised in that the omidirectiona
propul sion unit (6) is a cycloidal propeller

propul sion unit. 10 . Marine vessel according to claim
1, characterised in that the marine vessel is a tug
boat. 11. Marine vessel according to claim 10,
characterised in that the tug boat is ASD, Z-drive, or
Tractor Escort Tug Boat.
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