1 A propul sion arrangenent in a ship TECHNI CAL FI ELD 5 The invention
relates to a propul sion arrangenent in a ship according to the preanbl e of
claiml. wbeomrrassgenent is intended to be used in shipecpmreéidediiosth at

| east one 10 propulsion unit situated at the stern of the ship. The ship
can either have only one propul sion unit, situated at the stern of the ship
or two parallel propulsion units situatéd at the stern of the ship on
opposite sides of the center line of the hull of the ship. Propulsion units
are used especially in large ships e.g. cruisers, tankers transporting oi
or |liquefiedMpiopulalongasngareditel esloprri ers, contai ner ships and 15ferri es.
BACKGROUND ART WO publication 98/ 54052 discloses a ship with twin

propellers and twin Schilling 20 rudders i.e. a respective rudder for each
propel l er. Each rudder is pivotably nounted by a respective shaft, has a
bul bous nose portion, a waisted md-portion and a flared tail. The flared

tail flares JHUENWIALEUSSPantially only on the inner side of each rudder
i.e. the gside which faces the other rudder pair. Each rudder has an upper
plate and”a |lower plate with the plates nuch nore extensive on the inner 25
si de than onThbeinoetitidh ®lads, tot heprppdtios dahpgnalti@nedhipi ddvosdifieanithdres from
the respective propeller and the |ower plate having a dowwardly angl ed
portion on t REMhest dpigel. The rudders seemto form sone kind of a toe-out
angle in relation to the centerline of the hull. 2 extend down fromthe
bottom of the boat. Wien running at planning speed straight ahead, the
under wat er hdhsi argmgamentsit inkdnidbd ao S asddl ed shipe-providetywath bt &asti ood | ned

boat centlr  PRRISNEH! HORFES HGCHGHhe HHie bt G YCOARE S0 88wt h a
propulsion unit situated at the stern of the ship or two parallel propulsion units
situated at the stern of the ship on opposite sides of the center line of the hull of
the ship. Propulsion units are used especially in large ships e.g. cruisers, tankers
transporting oil or liquefied natural gas, vehicle carriers, container ships and

15  ferries.
BACKGROUND ART

WO publication 98/54052 discloses a ship with twin propellers and twin Schilling
20  rudders i.e. a respective rudder for each propeller. Each rudder is pivotably
mounted by a respective shaft, has a bulbous nose portion, a waisted mid-portion
and a flared tail. The flared tail flares outwardly substantially only on the inner
side of each rudder i.e. the side which faces the other rudder pair. Each rudder has
an upper plate and a lower plate with the plates much more extensive on the inner
25  side than on the outer side, the plates being aligned with streamlines from the
respective propeller and the lower plate having a downwardly angled portion on
the inner side. The rudders seem to form some kind of a toe-out angle in relation

to the centerline of the hull.

30  US patent 7,033,234 discloses a method for steering a planning V-bottomed boat

with double individually steerable drive units with underwater housings, which



5greater steering angle than the outer drive unit. JP patent publication
2006007937 di scl oses an arrangenent in a ship with two pods with
contra-rovatoreg7psepel l ers situated at the stern of thePshigp2012i0e11P6 r st pod
isin a first enbodi nent nounted stationary into the skeg so that the shaft
line is 10 inclined upwards. The second 2pod is fastened by neans of a

hori zontal axis to a steering table, whitch steering table rotates around a
vertical axis and which steering table can be |l owered and rai sed by neans
of hydraulic cylinders. The shaft |line of the second pod is aligned with
the shaft |i nateod daven fiomsthepbdttorihel theaboaenWhesh tuneingi atsplapodgispeéh a
second enbodi nﬁ fas@q:ed ﬁﬁth a.hor.i zont al aﬁks to 1$tthe skeg.and t he
front end of SHH&"F &L ﬁsam YA MOHRIARY FCa oL A A3 callgfl gty anefg & <
inclination @ficlinb téw4rg cRddotbanwithuppbsitcadtigdit SFbqohlt Maghitidetiafideto Bot h
pods are in a third enbodi nent fastened to opposite ends of a conmon frane,

whi ch frame itke begprsptcediner Svhanhierming dhe bpair theaioner Arivhualt iaxrs With &
ot oh st ety it AB S BN L AR ABIE® 7 e, neans of nyrautfc

fai sed by nmeans of hydraulic
cylinders. There is no separate rudder in this arrangenent and the steering

of the ship is done bg-ro-t at | ng either only the second pod situated after
the first podPinstanheublicaliphOdPPEOBY stischrset pp aRNFEMBFE IR iR efth B axi s

or by rotati @gg{;\%n B g_{ﬂgé@%(gﬁ%w&g Lihafld aﬁ%ﬁéster%%f%@ﬂ%@‘ngﬁ&&q si on

| NVENTI ON Th ject o Ion is to inprove prior art pro
arr angenent s is m & firgp smbodinidne npuofed| ssitonagrinnthe skey sccthapthesbsft dime lieast one

ropul si unit. situated at the stern of the ship. The, shi onpri ses a
hul | haviflg ANatiBE 2BRek. Hhs sscond ped Hristened bR AR, ABS BPEFINAAIH orf ¢
conprises a Rkl PPAhIchsiibdalUtdlatddehedod b hertidl laxisd afd Ghasper

attached to the support structure, an electric notor within the chanber, a
propel | er at steheng tabie cembic dowered anHarmbsed by sasansmfdpdrdvdic dybindeyscbmect ed

by means of g, shall 1@ the ol SGhrLic, TRLA: 8L PRL YOhERhY SRR fgg T udder
end of the first pod is in a second embodiment fastened with a horizontal axis to
15  the skeg and the front end of the first pod is fastened to a vertical cylinder. The
inclination of the first pod can thus be adjusted with the cylinder. Both pods are in
a third embodiment fastened to opposite ends of a common frame, which frame is
supported from the middle part a horizontal axis to a steering table, which steering
table rotates around a vertical axis and which steering table can be lowered and
20  raised by means of hydraulic cylinders. There is no separate rudder in this
arrangement and the steering of the ship is done by rotating either only the second

pod situated after the first pod in the driving direction of the ship around a vertical

axis or by rotating both pods around a vertical axis.
25 SUMMARY OF THE INVENTION

The object of the invention is to improve prior art propulsion arrangements in

ships.

30  The propulsion arrangement according to the invention is characterized by the

features in the characterizing portion of claim 1.



10The at | east one propulsion unit is according to the invention nmounted so
that the shaft line forns a vertical tilt angle in the range of 1 to 8
degrees iwonelzt7in to the water line so that the front pem@Epred12iohaochamnber
is lower than the rear end of the chanber in relation to the water |ine.
15The vertical tilt angle of the at Ieagg one propul sion unit inproves the
wat er inflow angle to the propeller, which inproves the efficiency of the
propel | er. The vertical tilt angle of the at | east one propul sion unit

al so reduces noise and vibrations in the hull of the ship, which are due to
cavitation as the inproved 20inflow angle to the propeller reduces

cavi tation. e verti.cal tilt angle of th t | east one opul si on unit
50 reduces DRaYoyins senenbiutfas rofedons T FE WL SR EABEC ¢ ha
there are | eserdsyRRhip. Thé OKip@BnPEkENGh@NhiVIS: RheRgddiarwsbemd Tac wat er
inflow angle to the propeller is inproved. 25Reduced | oads and vi brations

wi || i ncr easédeashenanreilbige upit comarisss ariogy sypperhetruaiye uttaghedd thedwllot her
component g afafc%gﬁﬁ& Q‘écﬂ&et%qh%k%ﬁoﬁhl RS AN dn LRCERSod P K ith Vt%@%h@ﬂbe{ an .
in a shi aving two prop uated side

advant ageously be "Use ropul sion units si
by side at oppaspélrr i dies froht tfd of et etanibcesadd ptdpellshbgin@icohdeteditier n of 30
the ship. Each propulsion unit is advantageousl¥ nmounted in a toe-out

X

posi tion for Mg & harlAeibaricetric modpigped f RVOHOLY HiRgerest rgder & dheregegr ees
inrelation R4 Bhﬁle chamber.

10 The at least one propulsion unit is according to the invention mounted so that the
shaft line forms a vertical tilt angle in the range of 1 to 8 degrees in relation to the
water line so that the front end of the chamber is lower than the rear end of the

chamber in relation to the water line.

15  The vertical tilt angle of the at least one propulsion unit improves the water inflow

angle to the propeller, which improves the efficiency of the propeller.

The vertical tilt angle of the at least one propulsion unit also reduces noise and
vibrations in the hull of the ship, which are due to cavitation as the improved

20  inflow angle to the propeller reduces cavitation.

The vertical tilt angle of the at least one propulsion unit also reduces shaft line
vibrations and forces. This is due to the fact that there are less asymmetric forces
acting on the propeller when the water inflow angle to the propeller is improved.
25  Reduced loads and vibrations will increase the lifetime of the bearings of the shaft

as well as other components affected by these vibrations and forces.

The invention can advantageously be used in a ship having two propulsion units
situated side by side at opposite sides of the center line of the ship at the stern of
30  the ship. Each propulsion unit is advantageously mounted in a toe-out position

forming a horizontal tilt angle in the range of 0.5 to 6 degrees in relation to the



4 center line of the hull. The front end of the chanber is thus inclined
away fromthe center line of the hull of the ship and the rear end of the
chanmber iwoi2n¥i7Tmsd t owards the center |ine of the hull pofi/RPR@28ki1P0 5Thi s
t oe-out arrangenent of the propulsion units will further inprove the

efficiency of the propellers and reduce 4noi se and vibrations in the hull of
the ship. The invention can be used in large ships provided with at | east

one propulsion unit at the stern of the ship, e.g. cruisers, tankers
transporting oil or liquefied natural 10gas, vehicle carriers, container
shi ps and f erceiteslineTi{ghphwie Theffranhende qbbarmbf:rumtlhus mheutetwa}aﬁr thdhi ps is

in the order of a SCRI PTI T DRAW NGS,.15

Speci fi o enbsarelies SBihs ﬁglwfwﬁ%éfan%ﬁ C BT e TERBE 61 SUPTY

detail with &@&@ﬁgﬂﬁqmﬁ@rhﬂ@bﬁﬁggﬁ@@ﬂyk@gqﬁ|gures in which: Figure 1 shoms
a prior art propul sion arrangenent. 20 Figure 2 shows one enbodi nent of a

propul sion arrangenent according to the invention. Figure 3 shows another
enbodi meng ofryd, REORH! AR AICIR hroPRAITLAGS Lot Bl PV D @S

efficiency of the propellers and reduce noise and vibrations in the hull of the ship.

The invention can be used in large ships provided with at least one propulsion unit
at the stern of the ship, e.g. cruisers, tankers transporting oil or liquefied natural
10 gas, vehicle carriers, container ships and ferries. The power of the propulsion unit

in such large ships is in the order of at least 1 MW.
BRIEF DESCRIPTION OF THE DRAWINGS

15  Some specific embodiments of the invention are described in the following in

detail with reference to the accompanying figures, in which:
Figure 1 shows a prior art propulsion arrangement.

20  Figure 2 shows one embodiment of a propulsion arrangement according to the

invention.

Figure 3 shows another embodiment of a propulsion arrangement according to the
invention.

25
Figure 4 shows a top view of a further embodiment of a propulsion arrangement

according to the invention.



Figure 4 shows a top view of a further enbodi nent of a propul sion
arrangenent according to the invention. 5 DETAILED DESCRI PTI ON OF SQOVE
SPECI FI C ROBODVIVENIS Figure 1 shows a prior art propul sipomn/EReeiangapent. The
arrangenment conprises a propulsion unit 10 situated at the stern of the
ship. The propulsion unit 10 5 conprise% a support structure 11, a chanber
12, an electric nmotor 13, a shaft 14, apropeller 15 and a rudder 16. The
chanber 12 is connected with the holl ow support structure 11 to the hul

100 of the ship. The shaft 14 has a first end which is connected to the

el ectric not QETSILARADESSERIBAWN F 30 btk SE O 1€ FoMBORIMENFE end of t he
chanber 12 and being connected to the propeller 15. The propeller 15 10 is
thus situated at the front end of the chanmber 12. The electric nmotor 13 can

be an i nduct iFere0tsBbWOh pRioS YAGREMNSIYS affBiiment MEhcRir@RPEHER RotPrkesld 1S
fixed to the hull 100 of the vessel wth fﬁé support structure 12. This

means that t Reonwtsopeundr 10 5itvated af dhaistern wiathei shé Pl ipraredsiom upd) B j on t he

hul | 100 of : i S Si back
end of the chanpirapurfik sk, Trp SBT3, of Bekiis SABPLER fba 473 0700

100 and the o¢hgher 132indya redies 16f The @xhted 12 iSh@nhedete ivithbthieshdlimed so
that it forns a snoboth continuation of the support structure 11 and the

chamber 12. ThPowiictusal i tothetwd L0Qaddhe shap-ebiicerialt 14thag a dirgiaA gkl ow t he
T 1o . e T ! . 1 )
chanber 12. A é&ﬁ%&ﬂeﬁ% %aélectééé;h@?%ﬂmﬁzt ﬂgfa SN chd Rhﬁﬁd&lgggﬂsﬁ thé ?'{ es the

rudder 16 based on the comman navi gati o The 20f1gure
al so shows t ked df tha dhgmiber &2 tnd heiBg ebnideedshitipe propellghiaf Thd 4rdpetlasla shaf t

line SL the propul sion upit 1Q. .The shaft Jine SL and the water line W
ar o par allDel 1 G SRHHEHALS Pt et IRGIamGeb b dBe RERBTTer 63 BEPLEs. The
angl e bet weemdiRo¥ictorldr #EyitdhfornoHd @&ftorl GhaNofulos hafitiol &k Thedlio ithe. 25t he
angle y is 90 degrees. The angle between the axis 17 of the rudder 16 and
the water |imgll\00jof ¢he vdseclarith tbe Gupporiadteistugo ldehrieawans that the propeller

15 will remain in a fixed position in relation the hull 100 of the vessel all the time.

A rudder 16 is situated at the back end of the chamber 12. The rudder 16 is

15  pivotably connected to the hull 100 and the chamber 12 by means of an axis 17.

The rudder 16 is formed so that it forms a smooth continuation of the support

structure 11 and the chamber 12. The lower part of the rudder 16 extends at a

distance below the chamber 12. A steering gear, which is not shown in the figure,

rotates the rudder 16 based on the commands from the navigation bridge. The

20  figure also shows the driving direction S of the ship.

The shaft 14 forms a shaft line SL of the propulsion unit 10. The shaft line SL and
the water line WL are parallel, which means that the angle o between them is 0
degrees. The angle between the axis 17 of the rudder 16 and the shaft line SL i.e.

25  the angle v is 90 degrees. The angle between the axis 17 of the rudder 16 and the
water line WL i.e. the angle 9 is also 90 degrees.

Figure 1 also shows the flow lines F of the water flowing to the propulsion unit
10. It can be seen from the figure that the flow lines F do not enter the propeller

30 15 of the propulsion unit 10 at an optimum angle. This weakens the hydrodynamic
efficiency of the propeller 15.



Figure 1 also shows the flowlines F of the water flowing to the propul sion
unit 10. It can be seen fromthe figure that the flow lines F do not enter
t he propewbDer12201%20f the propul sion unit 10 at an opti ROFMERA@RA611%NI S
weakens the hydrodynam c efficiency of the propeller 15. 6 Figure 2 shows
one enbodi nent of a propul sion arrangengpt according to the invention. The
propul sion unit 10 corresponds as such to the propulsion unit shown in Fig.
1. The difference conpared to the arrangenent shown in Fig. 1 is 5 that the
shaft line SL of the propulsion unit 10 forns a vertical tilt angle a in
relation to the water line W.. This neans that the front end of the chanber

12 i s | owner nan t.he back end of the chanber .12 in relation t.o the water
e v The Tt @ Senerareataiimrep o SREEh ot et dehieBh afedfa s i T e
i mproved whefntdnfloR! PR pEdpRidHuhit IO tSraspbidsCad bicht td HRAprophisnm@ans t hat

t he hydrodynam c 10 efficiency of the propeller 15 wll| be inproved. The
angl e bet weerhewe imXig 11 The fiffgience soawarctgo 4hel arprgomgneshawmia Nig. | ie. t he

anol o © 15 <3 In 20 PRReSS B Tybb YR e BRG] SRl B 5 17

of the rudder i'ne ver, |less

t han 90 degr edstiomtot the Svaesrdndi WenThidugedn® thidoeéhov@onti ddloftthd thantheofl2ihe

propul sion unit 10. The fjgure _also shows_the drivigﬁ direction S of 15the
©

ship. Fi gur e 1@veHbs harsch&pd ehtisaieiver & hrglptiopue shorats raadéhehite
Flo 20 e CRe S o S TR RR £ 1o e M SR e MR R on v

the water |i peopdlsiomThmit 10 is vertically tilted. This means that the hydrodynamic

10  efficiency of the propeller 15 will be improved. The angle between the axis 17 of

the rudder 16 and the water line WL i.c. the angle ¢ is still 90 degrees as in figure

1. The angle between the axis 17 of the rudder 16 and the shaft line SL i.e. the

angle y is, however, less than 90 degrees in this embodiment due to the vertical

tilting of the propulsion unit 10. The figure also shows the driving direction S of
15  the ship.

Figure 3 shows another embodiment of a propulsion arrangement according to the
invention. This arrangement corresponds as such to that of Fig. 2 i.e. the
propulsion unit 10 is tilted at an angle o in relation to the water line WL. The
20  difference is in the arrangement of the rudder 16. The angle between the axis 17
of the rudder 16 and the shaft line SL i.e. the angle v is 90 degrees in this
embodiment, which corresponds to the situation in Fig. 1. This means that the axis
17 of the rudder 16 has been tilted in relation to the water line WL, i.e. the angle
is more than 90 degrees. The arrangement where the rudder 16 axis 17 forms a
25  right angle with the shaft line SL is advantageous in respect of the flow generated

by the propeller 15. The figure also shows the driving direction S of the ship.

Figure 4 shows a top view of a further embodiment of a propulsion arrangement
according to the invention. There are two propulsion units 10, 20 situated side by
30  side at each side of the center line CL of the hull 100 at the stern of the ship. Each

propulsion unit 10, 20 comprises a chamber 12, 22 connected with a support



20 difference is in the arrangenent of the rudder 16. The angl e between the
axis 17 of the rudder 16 and the shaft line SL i.e. the angle y is 90

degr ees iwothi217&asdodi ment, whi ch corresponds to the siPaatEpeor2ion1be g. 1
This nmeans that the axis 17 of the rudder 16 has been tilted in relation to
the water line W, i.e. the angle 6 is npr e t han 90 degrees. The
arrangenent where the rudder 16 axis 17 forns a 25right angle with the
shaft line SL is advantageous in respect of the flow generated by the
propeller 15. The figure al so shows the driving direction S of the ship.

Fi gure 4 showkuctutedp thd bull 60 af thashiper peortstdi MeRd sithatad pt g utoit emd of

20 o tuat ed SRGEVBYa0er d HEHE S PR SR Rl B T AR R (e pui 1

100 at the stpimb&f12t he &hudicr FBCTO RIRAMSItOMcU B the 1oar cA of HEIHaERS @
chanber 12, 22 connected with a supgort 7 structure to the hull 100 of the

ship, a propéPi &} Bawh prepulsion anid 0aL0 cche citharporisprpndftotthe prapatssey umip, 22

bei ng driyen | e { iti i C 2, 22.
A rudder to, DD FisrFREF TS afiny A7 BRAGORRTE b 2o mpEingS 22
Each propul sitibid imidatibd,to 26 wawr khd WaT with iicesptnd ag shovhiein@igiisi Big. unit 5
shown in Fig. 2 or Fi . This neans that each prgg;lsion unit 10, 20 is

Fig. 3 : |
vertical ly tictdBe2frangeaeat plotherpddendoveht ean e sitheiphapshovn BdigngPethat as

shown in Fig. Ei g7 o : 26 can be
ei t her that S %mﬁﬂfﬁﬁF?éﬂ%éh%@??ﬁg?ﬁgﬁggg8%%8F%E&gﬁHgﬁg%?%%fe al so shows

the driving direction S of the ship. 10 The shaft lines SL of the

propul si units . 20 are in this enbodi t arranged ip a toe-ou

Pos 11 on Pn" e sbiToHngos £ A tediediiSpr HECL0.P Ahed FHN faesbsH Tacshi p. The
shaft lines G ,fiQ BuEpdIRIonZaANERloR kd theaR@lef lifle WIt Bf thReuBerosss the BRipCL of
the hull 100 of the ship so that the shaft lines SL will cross each other

at a poi nt orheisbafe bpeseyL farmen i@irizoftat il ahgle|B with theecestsr pne €hiod the lmgdki ng

int bei i ted .aft t 1 hi The f t f the. ch 12,
DO s Dret o nanb o sl S8 M o, B I shh8 ket Bt § REESRTRS i ma
CL of the hulcbntdOnOCLtdTahs RLP oB et e sARCkoeNh Bfint hen€ ARy stk 2he 22 1S

inclined inwards in relation to the center line CL of the hull 100 of the

shi p. Thé5t osbiputhafrgntecrg ofghe pharphery dhge isfinqhinsd putverdicddpee povient i gur e

al so shows a.: t far. A ! I ( on hip. 20

This toe-out Ly Afbgcllt; e Rt Or R W 0T IR BAR IR R i ?

i nprove the whibers N2] DRviaingliged dwakd iprropabh & shel&ente?2 Jine WL of tleehuiut

arrangenment wi Ll inprove efficiency and reduce vjbrations in_the hull and
%t

in the shaft . 1099f feeshyr iihgitesreyt a@eletihis 18 Msodnaeat Vs ke fuslegrses iTge figurg
probably the ,53n0E.@a EABb tfk 200 for liquefied natural gas (LNG) on the ship.
20
This toe-out arrangement of the propulsion units 10, 20 will further improve the

water inflow angle to the propellers 15, 25. This toe-out arrangement will improve

efficiency and reduce vibrations in the hull and in the shaft.

25  The efficiency of the embodiment shown in fig. 2 is probably the same as that of
the embodiment shown in fig. 3. The steerability of the ship might be a little bit
better with the embodiment shown in fig. 2 compared to the embodiment shown
in fig. 3. The embodiment shown in fig. 3 might on the other hand be better in
view of processibility and product architecture as the tilt angle « is regulated with

30  the installation angle of the product, but there is no need to modify the product

itself in each project. The product could on the other hand have a predetermined



t he enbodi nent shown in fig. 3. The steerability of the ship mght be a
little bit better with the enbodi nent shown in fig. 2 conpared to the
enbodi nerwo2hwt1952 fi g. 3. The enbodi ment shown in fi gPC3/REPR2gh61M0t he

ot her hand be better in view of processibility and product architecture as
the tilt angle a is regulated with 30 the installation angle of the
product, but there is no need to nodify the product itself in each project.
The product could on the other hand have a predetermned 8 vertical tilt
angle a of e.g. 4 degrees according to the arrangenent shown in fig. 2 and
the rest e.gveRicdett eede orofz. gﬁtdﬁgtde@acqm\@ngtqﬁeamngdeIShcmain fig/l2 angle

hown in 1 g 80 S PR PR B E R s bl MR g

Oi.e. the tog r@R GVl 8ed HeQuchRyvERh&ORiINEh SRPAFaL&hyntfsBswRaE figshi p or
series of ships. The optinization of the vertical tilt angle a and the

horizontal ti3lt angle O is done based on nodel test for each ship or series
of ships..The optim zation is done separately for the vertical tilt 10
angle a and the horizontal tilt angle 13. The goal in the optim zation is

to mnimze tihe vburhl loastleptahdthd hagizohtal filhanglage.ct the ted-butcinglediave Ihe best
efficiency is normally achi eved when_the water .inflow to the propel ler is
straight. A€ dle@éi@tneéﬁépaé@ﬁ]éfrf&f gch(hi ostrsiRm of phiph el hejaptirdgation ot fhoyyi ded

wi thin the h%lsftlc&ptﬂt ol é’ﬁte{?ﬁ RO hBri R BN 'tﬂiﬂ e[?‘x% ee[k Escélcfﬂeeoa mloBeit 8§ 61 ectric

notors 13, 23 sion units rough an el ectric network
(not shown i ratthehif olgsmrlewf shTIbneThepmeatzetwmddbne Réparaeliydott the vEitigalrtds
pi vot abl XO S Up glret(xeafrlldaf e flgr?zorllllcjall ltlltla(r)lglea[{.l dI"h%tgoal in the optimization is to minimize

the fuel consumption i.e. to increase the efficiency. The best efficiency is

normally achieved when the water inflow to the propeller is straight.

At least one generator (not shown in the figures) is provided within the hull 100 of
15  the ship providing electric power to the electric motors 13, 23 in the propulsion

units 10, 20 through an electric network (not shown in the figures).

The separate rudder 26 is in the figures pivotably supported at the hull 100 and at
the chamber 22 of the propulsion unit 20. The rudder 26 can be pivotably

20  supported at the hull 100 and/or at the propulsion unit 20. The rudder 26 can thus
be pivotably supported only at the hollow support structure 21, or at the hull 100
and the hollow support structure 21, or at the hull 100 and the chamber 22, or at
the chamber 21 and the hollow support structure 21.

25  The examples of the embodiments of the present invention presented above are
not intended to limit the scope of the invention only to these embodiments.

Several modifications can be made to the invention within the scope of the claims.



t he chanber 22 of the propulsion unit 20. The rudder 26 can be pivotably 20
supported at the hull 100 and/or at the propul sion unit 20. The rudder 26
can thus we 2pivio1®hl y supported only at the holl ow supp®ct/EPRoROsUPE 21, oOr
at the hull 100 and the holl ow support structure 21, or at the hull 100 and
t he chanber 22, or at the chanber 21 ang, the hol |l ow support structure 21.
25 The exanpl es of the enbodi nents of the present invention presented above
are not intended to limt the scope of the invention only to these

enbodi nents. Several nodifications can be nmade to the invention within the
scope of the(dldM®. 9 CLAIMS 1. A propul sion arrangenent in a ship,
wherein the ship conprising a hull (100) having a horizontal water |ine
(W) and a center line (CL), and wherein said 5 propul sion arrangenent

conprising: 1aiA pRpelkioANLrasb@hmNAlayshi)y, ek &h O sHp lofpBsing Q) i %10@} ed at
the stern of the hull (100), said at |east one propulsion unit (10, 20)
conpri sing: having|d bovizongovaters ling EWk eand 12 Foresi hee 4 b hcmd pvhascinhgichyl |

(100), 10z a V] .front end and a rear end, said chanber
(12) beina a?ﬁg%%%%{?%ﬁéﬁgggﬁ%%gggng%ructure (11), an electric notor (13)
W thin the chambest ¢d2gtatiorars pafpuls(ohdnin M, 29) sitddt¢dsit thadtcamdf sheSkdbnd end,

said first end of the shaft (14) being connected to the electric notor (13)
and said secéH¥end of the shaft (14) 15protruding fromthe front end of

the chamber (12) .2ndsRGk 'ﬂgopcamiteé ot 0)&omprising:
- a hollow support structure (11) being attached to the hull (100),
10 - a chamber (12) having a front end and a rear end, said chamber (12) being
attached to the support structure (11),
- an electric motor (13) within the chamber (12),
- a shaft (14) having a first end and a second end, said first end of the shaft (14)
being connected to the electric motor (13) and said second end of the shaft (14)
15 protruding from the front end of the chamber (12) and being connected to a
propeller (15), the centre axis of said shaft (14) forming a shaft line (SL), and
- a pivotably supported rudder (16) at the rear end of the chamber (12),
characterized in that:
- the at least one propulsion unit (10, 20) is mounted so that the shaft line (SL)
20  forms a vertical tilt angle () in the range of 1 to 8 degrees in relation to the water
line (WL) so that the front end of the chamber (22) is lower than the rear end of
the chamber (22) in relation to the water line (WL).

2. A propulsion arrangement according to claim 1, characterized in that the
25  propulsion arrangement comprises two stationary propulsion units (10, 20)

situated side by side on opposite sides of the center line (CL) of the hull (100) of

the ship at the stern of the ship, each propulsion unit (10, 20) being mounted so

that:

- the shaft line (SL) forms a vertical tilt angle (o) in the range of 1 to 8 degrees in
30  relation to the water line (WL) so that the front end of the chamber (22) is lower

than the rear end of the chamber (22) in relation to the water line (WL), and



propeller (15), the centre axis of said shaft (14) form ng a shaft |ine
(SL), and a pivotably supported rudder (16) at the rear end of the
chanber (MORo1x¢tagsacterized in that: the at | east one pcoeeomonit (10,
20) is nounted so that the shaft line (SL) 20 fornms a vertical tilt angle
(a) inthe range of 1 to 8 degrees in r?éation to the water line (W) so
that the front end of the chanber (22) | ower than the rear end of the
chanber (22) inrelation to the water line (W). 2. A propul sion
arrangenment according to claim1, characterized in that the 25 propul sion
ar r angenent edh@mh@tém@W§L$ﬁ@mmbmém92@ndpmmSMQh (e sh¢ 1ge2d) 0.8itb Uat ed

The ship at CRE<SL Brbe ihd%Simor T0R A EDP e Ga Gty 1P Sadesns ng

nmount ed so t gt end ofﬂh@ babtr (2208 inSlidedf AFdyBirém BE b lidel (UL?Q{@Q It (a) in
the range of 1 to 8 degrees in 30 relation to the water line (W) so that

the front endeasfend pbtheichpmber (22pip indinpdigarardhihp cemer linedCland of the chanber
(22) inrelation to the water line (W), and 10 - the shaft line (SL)
forms a horizontal tilt angle (0O) in the range of 0.5 to 6 degrees in
relation to Bha p@pﬁl&l’onbi’ﬂaﬁgcﬁﬁ;ﬁ aofording thulaim (11611, chhrdchai/iip tha thhat t he
front end of the chanber is inclined away fromthe center line (CL)
and the r ear SRIRdS BFTUE ac%lf%éﬁanmzt}ng Qb piliqueHigd netyiod RS 2VRBICKEHEST | i ne
(CL). 5 3. RLAR e§m9 ofhrapgement according to claiml or 2,
characterlzeé/ln t he ship is a cruiser, a tanker transporting oil or

| i quefi ed natural gas a vehicle carrier, a container ship or a ferry. 104.
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1MV the power of the at least one propulsion unit (10, 20) is at least IMW.



