221 8955 1. | MPROVEMENTS I N MULTIPLE. RUDDER SYSTEMS Thi s inventi.on rel ates,
to nmultiple rudder systens for marine vessels. A considerabl e nunher of
marine vessels are equi pped with propul sion ducts argszﬂ?g 95t§ese are
fittedwith a 5 proprietary systen1en§$dying t hree ut te ders across
the end of the duct. The three rudders e linked together so they go over

to simlar angles and afgRvilah RESLILLE ROBoRR sidfifgcade. The
systemis extrenely eff d benefits

froma | ow steering 10 gear torque as well. In order to obtain very high

| evel s of | ow speed nefipesivimabEdtiion ireliatesetesmalyipbe wudleaersygetavi ce
to reduce any fore and aft ‘forces to a mnimumand produce a high level of"
transverse fépPEemaykne vessels. \Wen standard shutter rudders are put ovey
to a large angle, as 3@en fo pﬂﬁgﬁle t he rudders are s to thrust tge(\"
stern of the vessel td®pofisiqerable, aumber, of magine Yesieks ARfSWiRPEd: o
starboard, t ' h i G- t . T res StLaight, .there
Wil be a gan B Beohaf  FRAEERET siny' SF HHERE e el AALA N o

peri pheryg of ptbpr deciry Nepirgn Wikitaya ngorairder ahlieteADradts Wdr®ssf rom t he
propel l er escapes in a fore and aft direction. This | eakage can be
restricted byheremddofgtiveniied.y dheudheeckeadddgradgee ekimns] drgettheirhe

W ng rudders such that 25 at a |arge angle of deflection the forward

ext ensi on Ofs?hEhQYHﬁoFQNRRHtQMﬁRﬂ£iQ§ fighes apdarte ehdirtasnatdr wal |

ratio and act in cascade. Thée system is extremely efficient

-

L for normal steering purposes and benefits from a low steering

10 gear torque as well.

In order to obtain very high levels of low speed
manoeuvrability it is necessary for a steering device to
reduce any fore and aft forces to a minimum and produce a
high level of transverse force.

15 When sﬁandard shutter rudders are put over to a
| large angle, as when, for example, the rudders are set to
thrust the stern of the vessel to port, i;e. the trailing

edges of the rudders are to starboard, then, if the leading

o
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edges of the rudders are stréight, there will be a gap
20 between the leading edge of the port rudder and the periphery
of the duct through which a considerable amount 6f water
from the propeller escapes'in a fore and aft direction.
This leakage can be restricted by providing convexly
arcuate leading edge extensions Lo the wing rudders such that
25 at a large angle of deflection the forward extension of the

wing rudder which is turned towards the duct inner wall



2 substantially closes off the gap that woul d ot herw se exi st and

consi derably reduces the fore and aft conponent of flow - fromthe
propeller. Qur G B. Patent Specification - 2079231 descri bes such a system
5 However, it has been discovered there is alimt to the angle

t hrough whi ch such rudders can be turned, because as the angl e approaches
about 80 degrees the rudders effectively throttle the flow fromthe nozzle

and |'ittleupstant $heeyi BUcEELCErEStABVELAPEHat HEu R ObEABRY L 88CdxPatent 10
Speci fication 2079231 i ndi cates a maxi mum rudder angle of 75 degrees port

and st ar bead deéhshegibanglradubeBavRef 00Rd8 ahat atbecowpobhentf 6eMELE@
rudders can be of the order of 65. Thus there renmins the hitherto unsol ved

pr obt em ofrbmwthe pnopeatert heOangteBof Patentf specifitcatildars 20vb2aL 15
excesYive restriction to the flow fromthe propeller. According to the
present |@Aeseribes sheheaj syptemi ded a conbi ned propul sion and steering
system for a marine vessel conprising:_ a fixed propul sion duct to closely
surPound a 20  HOWeRY( ekt B1ag r@%&%ﬁc%‘éﬁ@‘gd&e%ﬂ%(ﬁ alimierte| ow
entry plage forward of the propeller. and S?mater flowexit plane aft of the

propel | er hgtandle; thrpughsvRichy surherudders, cpudher EurBEn: cBeGfushe arft
end of the duyct to erate in the gucé gHtélomgand gS cgupled to turn
in unisona%bgﬁ?_?ggg c??$£°98P?F93 og_e I Fﬂﬁ &P dE %yrg?gg Pn a transverse
plane a sBpELol562gCenabte ol EREILEN! cPbANERE! nbE1duha {Recharbzont al
di stance separating the axes of the outer or wng shutter rudders

no steering force is developed. The aforementioned Patent

;;/ Specification 2079231 indicates a maximum rudder angle of 75
degrees port and starboard at which angle we have found that
the outflow from the rudders can be of the order of 65°.

Thus there remains the hitherto unsolved problem of
how to increase the angle of flow from the rudders without

15 excessive restriction to the flow from the propeller.

According to the present invention, there is provided
a combined propulsion and steering system for a marine vessel
comprising: |

-« a fixed propulsion duct to closely surround a

20 propeller of the véssel said duct having a water flow entry
plane forward of the propeller and a water flow exit plane
aft of the propeller;

at least three side by side shutter rudders mounted
- at the aft end of the duct to operate in the duct outflow and

25 coupled to turn in.unison about réspective.vertical axes

lying side by side in a transverse plane a short distance aft

of said exit plane of the duct, the horizontal distance

separating -the axes 6f the outer or wing shutter rudders



3 being significantly less than the dianeter of the duct in-said exit
pl ane; the rudder or each rudder internediate said w ng rudders extending,
when the rudders are straight ahead, 5 substantially no farther forward
than said exit plane of the duct; said wi ng rudders being provided with
forward extensions that, when the rudders are straight ahead, extend
forward|ly of said exit plane of the duct into the confines of 10 t he
duct anBepRBUeSReRALAG2BYIYs 1eRat thae EbpyvEippekprugfecthecdufEd iBuch t hat
when the r, ddeni %ée put over to a maxi num rudder angle in the order of

d

[err] tfiBtfofP%a fP8Asi on of the wing rudder on the outside of the turn

iall f fl bet w ' L dthe d
vl ot 15 C%*ﬁ%?%%%%lrgé‘ﬁe?%%@“’?ﬁiéﬁoﬁr“fﬁfﬁﬁg%%?%%%30‘?5‘3742 &nSC;
i Sy Ay b TR
chi ove o REpoe<EaRi Ry, - uaeh Fhel RoBt) xp " BEF AT RY EaHHT T ider e

bsi ng fHhbBeanRiAYLeAoWERRtRRr forih?dl tREnedasdl bRt paahel b¥ednat an
angle on its respeciive wing rudder to give, in the straight ahead position
of the aueders, an outboard inclination relatively to the duct axis of said
trailing edge flaps at a presel ected toe-out angle such that, when the
rudders are ovesaibd wingnradderscbeingl provbded witle forgarddder on the
inside of the turn deflects a respective portion of the water outflow from
t he ducextensaghsathattgl when thehryddersr arkastradghtddbeadagextendt o be

al nost at right an%les_to the axis of the duct whereby the .
‘forwardly of said exit plane of the duct into the confines of

10 the duct and have leading edges that are convexly arcuately v/
curved such that when the rudders are put over to a maximum
rudder angle in fhe order of 75° the forward extension of the
wing rudder on the outside of the turn substantially closes
the gap for water flow between itself and the duct wall at

15 that side;

whereby the flow turning effect of the wing rudder on
the outside of the turn and of the intermediate rudder or
rudders achieves a water outflow angle in the order of 65°;

and said wing rudders being further provided with Q_J

20 trailing edge flaps each fixed at an angle on its respective
wing rudder to give, in the straight ahead position of the
rudders, an outboard inclination relatively to the duct axis
of said trailing edge flaps at a preselected toe-out angle
such that, when the rudders are over at maximum rudder angle,

25 the wing rudder on the inside of the turn deflects a
respective portion of the water outflow from the duct through
an angle so much greater than the rudder angle as to be

almost at right angles to the axis of the duct whereby the



4 total duct -outflow has an effective or -nmean angle of deflection that is
greater than the rudder angle. The toe- out angle of the trailing edge
fl aps can be chosen to suit particular installations but is typically of
the order of 15 5 degrees. Wien the rudders are over, say, with the
trailing edges to starboard the ruddersléorn1a cascade with the water flow
fromthe propeller |eaving the duct through the slots.between the rudders

and the 08Bt HERR LR Al hbl0 8083 Abi0e or WiRRSLARIRALE rudder and

the trailing edge o € water exiting the duct

through tharikeid opeiwaen ikNgreudds’ Thwh! knlavagaRrodhbhew anglee teat is
somewhat | ess than the rudder angle. The water exiting the duct through the

gap bet weentt AtiglaoFoahe ruddeingnédgee flaps cah’ del chesedgeookutite duct
wi || e deflected by the trailing edge flap through an angle greater than
the ruddepazticalave inztaldatdoner datt Hat typdcalayablf e¢hkecotrdexr efuilsal ent
to deflection of the total water flow through an angle greater than the
rud@er angegreeb.the order of 5 degrees greater. 20 : The use of
the invention can therefore increase the angle of flow fromthe rudders by
an angl e of the offeR BheixuddgrecareohParedsay, ruitlrthaotradlingt ed. For

Senr e SR T ZRALEGSET O A ol Sl B SR 20,
on L1 Y518k FTHA SRR Ll FUS MR s iR,
Paii?t between the rudders and the gap between the trailing edge of

10 the starboard rudder and the trailing edge of the duct at
that side. The water exiting the duct through the slots
between the rudders will have an outflow angle that is
somewhat less than the rudder angle. The water exiting the
dﬁct through the gap between the starboard rudder and the

15 trailing edge of the duct will be deflected by the trailing
edge flap through an angle greater than the rudder angle. We
have discovered that the overall effect is'equivalent to
deflection of the total water flow through an angle greater

— than the rudder angle, of the order of 5 degrees greater.

20 The use of the invention can therefore increase the
angle of flow from the rudders by an angle of the order of 15
degrees compared to rudders not so fitted. For a rudder
angle of 75 degrees the outfiow angle will be of the order of

- 80 degrées, which is getting close to giving a purely

25 transverse force on the vessel and much better than 65°.

The fixed trailing edge flaps combine synergistically
with the arcuate leading edge extensions of G.B. -~ Patent

Specification - 2079231. Thus, it could be thought that the



Speci fication - 2079231. Thus, it could be thought that the- 5 angl ed
flap on the port rudder, when the rudders are over with the trailing-edges
to starboard, would deflect the water in that region to a | esser angle than
t he rudder angle thus counteracting the effect of the flap on the starboard
rudder. 5 However, at maxi mum rudder angles there is substantially no
fl ow over the outer side of the port rudder and therefore that flap has no
adver seanfjledt faapt bea thewperit! roddelre dhen. theeruddetrs ame awere of the
trailing edge flaps can be selected to suit varying performance

requi rewdhhstha tgailingaedgest kapsiagbonrdaghould] Reifdecsather Wataat er
outflow_,angle but with a resulting increase in_rudder. drag under nor mal

oper ati &5 EBAYi rrgien Gﬁeae%ﬁﬁﬁﬁﬁéﬁﬂgé? FﬁénlFP@nFPSﬁeFSa§EéﬁntBszay of ..
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simlar to Figure oW N rud ers-put over star
prOpU'Stﬁatdfihp1$a§|ﬁ%ehﬁv§¥éboé%iéc% BhOEﬁE|%&o%zexi%ihngh%nﬁubﬂe aft
end of the duct are three 2 vertical pintles 14, spaCed transversely

in a conmmon verTheaieﬁganeaﬁa ahghé anotks tpailbengxédgdSEDapsheanuct and

be selected to suit varying performance requirements. A

w

10 larger flap and/or angle will increase the water outflow

angle but with a resulting iﬁcrease in rudder drag under

normal operating conditions.

One embodiment of the invention is shown by way of

example in the accbmpanying diagrammatic drawings, in which:
15 Figure 1 is a side elevation, in longitudinal

section, of a ship's propulsion duct with an arrangement of

three aft shutter rudders.

Figure 2 is a sectional plan view.
- Figure 3 is an aft end elevation of the duct showing L_J

20 the rudders put over to starboard.
Figure 4 is a view similar to Figure 2 showing the
rudders put over to starboard.
A ship's propulsion duct 11 closely surrounds a
propeller 12. Just beyond the aft end of the duct are three
25 vertical pintles 14, spaced transversely in a common vertical
plane at right angles to the axis 15 of the duct and
propeller and carrying three vertical shutter rudders 16, 17,

18 that are coupled to turn in unison. The transverse



propell er and carrying three vertical shutter rudders 16, 17, 18 that are
coupled to turn imn unison. The transverse 6 spacing of the rudders is
such that, in the straight ahead position, the wing rudders 16, 18 lie well
i nboard of the side extremties of the duct wall. The central rudder 17,
which is inline, inthe 5 stralghteghead position, with the axis 15 of
the duct and propeller, has a nose portion, ahead of its pintle, that

proj ect s gph¥iAg b8! cAS HIBaRkangokubheeAht 8d Shet Bexighe Thegpudder as

a whole is mretrica aero P Section. the wing ru 18 have

nose pOfthBitXQnOftﬁ@n%&%EYrﬁ@ders akcuagelfiar femhi ehpext-andsf ehward into
the aft end of the duct. The W ng rudders have fi xed flaps 19 at their aft

extLen1t|gsdangkeﬁeﬁathegrdfrehatauettwaEMe duct axis. Figure 4 is a
sect’’™nal plan view with the rudders turned to an angle of 70 degrees. The
arrows indicate tTheelSentrallireddennldf whieh isoinekinepngimheheluct. The
effect of the starboard rudder trailing edge flap 19 in redirecting the

fl o® past sthaightshtieadf poliitipnddwithothe awdbel§r oft Ehet Aumtt Badr udder
angl e can be seen. Wthout the use of the trailing edge flaps 19 it is 20
not p055|BF@PFEFeE'pPBEuPsPSﬁedHQFtFPPteéhﬁP9h°FhFE§ BROELEr EhE%ers to

def | t the fI f th I h t d th t
excessi vePSOURPEL PRIY BRetPfoR® FHE HLAMB! oEnEng: PARgBREnPLs UnaTF rhe
defl ecti opnangl GaLLl Ua! natad, Lngreases hhla 4ndhe ko 380yt o gtSi«aar.ees and
25 coinsequen F I'ncreases t e Mano vrag 'ty of a vessel So

The wing rudders 16, 18 have nose portions 20 of convexly

:B/ arcuate form which extend forward into the aft end of the
duct. The wing rudders have fixed flaps 19 at their aft
extremities angled outboard relative to the duct axis.
| Figure 4 is a sectional plan view with the rudders
turned to an angle of 70 degrees. The arrows indicate the
15 direction of water flow exiting the duct. The effect of the
starboard rudder trailing edge flap 19-in redirecting the
flow past the outside of this rudder to an angle greater than
the rudder angle can be seen.
o Without the use of the trailing edge flaps 19 it is
20 not possible for a propulsion duct fitted with three shutter
rudders to deflect the flow from the nozzle through more than
about 65 degrees without excessively throttling the flow.
The use of the arrangement shéwn at the deflection angle
- ' illustrated increases this angle to about 80 degrees and
25 consequently increases the manoeuvrability of a vessél 80

fitted.



fitted. 7 CLAIMS: 1. A conbi ned propul sion and steering systemfor a
mari ne vessel conprising: a fixed propul sion duct to closely.surround a 5
propel l er of the vessel said duct having a water flow entry plane forward

of the propeller and a water flow exit plane aft of the propeller; at |east
three side by side shutter rudders nouhted at the aft end of the duct to
operate in the duct outflow and 10 coupled to turn in unison about
respectEﬁQIM§ﬁtical axes lying side by side in a transverse plane a short

di stance aft of said exit plane of the duct, the horizontal distance
separating the axes of the outer or wing'shutter rudders being

significantly less than the dianeter of the duct in 15 said exit plane;
t he rudder or each rudder internediate said wi ng rudders extending, when.. °

the rudders are Ségﬁb%&ggﬁ%ﬂmé%ﬁt Qﬂég%éﬁggg‘; gggﬁé{n EBE"VQrd than sajxd

exit plane of the duct; ers being provided .

Wi th fomnweichee¥e@Re0RSmpidlsingien the rudders are-straight ahead, extend
forwardly of said exit plane of the duct into the confines of the duct and

have | eadi ng edgegikbdat pabpulsliivAxlyuclr ebatkbgelyr ¥adroun ahat when the
rudders are put over to a nmaxi mum 25 rudder angle in the order of [err]
t Be f or parogedleensiforthef vidsseli sg idudchert tuavting autwitde @l awherttoyn
substantially cl oses
plane forward of the propeller and a water flow exit plane
aft of the propeller;
at least three side by side shutter rudders mounted '\4
af the aft end of the duct to operate in the duct outflow and
10 coupled to turn in unison about respective.vertical axes
lying side by side in a transverse plane a short distance aft
of said exit plane of the duct, the_horizontal distance
separating the axes of the outer or wing shutter rudders
being significantly less than the diameter of the duct in
i5 said exit plane;
the rudder or each rudder intermediate said wing
rudders extending, when the rudders are straight ahead,
substantiélly no farther forward than said exit plane of the
duct; |
20 said wing rudders being provided with forward
extensions that, when the rudders are straight ahead, extend
forwardly of said exit plane of the duct into the confines of
the duct and have leading edges that are convexly arcuately
curved such that when the rudders are put over to a maximum :

25 rudder angle in the order of 75° the forward extension of the

wing rudder on the outside of the turn substantially closes

AR




8 the gap for- water flow between jtself and the duct wall at that side;
whereby the flow turning effect of the wing rudder on the outside of the
turn and of the internediate rudder or 5 rudders achi eves a water
outflow angle in the order of 65; and said wi ng rudders being further
provided with trailing edge flaps each fj xed at an angle on its respective
W ng rudder to give, in the straight ahead position of the rudders, an
outboard ifel yRal ires LRkal ¥y betWlenditked® 3nd0the avktSwadal bl | ing
edge flaps at "a presel ected toe-out angle such that, when the rudders are
over at mgxafuEigedder angle, the wing rudder on the inside of the turn
deflects a respective portion of the water outflow fromthe duct through an
angl e*so much gr esherebpabhéhelowdtaerningl efsectoobethé wingatkaa@dérabnri ght
angl @ to the axis of the duct whereby the total duct outflow has an
effecti vetbe suisideglod dheddiuracandn cifh&he dnfermediatieamudderr gader
angle. 2. A system according to Claim1, wherein the toe-out angle of
sai & trai FuAderggachigyes @ watepe oytddovornpder inaherorder ofe 68f'fiect i ve
angl e of deflection_of the total duct outflow.is in the order of 800. 3.

A propul sion duct2B8YsEanft Bing FUARRES Re4BY ARELRErnBre¥ided; Hithand

subst anti gLl ¥1350285%! 3. LALETALR0Se! & 185327 0PARY! 09 LN 0gs

wing rudder to give, in the straight ahead position of the

rudders, an outboard inclination relatively to the duct axis

;B/ of said trailing edge flaps at a preselected toe-out angle
such that, when the rudders are over at maximum rudder angle,
the wing rudder on the inside of the turn deflects a
respective portion of the water outflow from the duct through
én angle so much greater than the rudder angle as to be

15 almost at right angles to the axis of the duct whereby the
total duct ocutflow has an effective or mean angle of
deflection that is greater than the rudder angle.
2. A system according to Claim 1, wherein the toe-out

- angle of said trailing edge flaps is in the order of 15° and

20 the effective angle of deflection of the total duct outflow
is in the order of 80°. |
3. A propulsion duct system for a marine vessel
according to Claim 1 and substantially as described with

. reference to the accompanying drawings.
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