RUDDER ARRANGEMENT FOR SHI PS HAVI NG Hl GHER SPEEDS
COVPRI SI NG A CAVI TATI ON- REDUCI NG TW STED, I N

PARTI CULAR BALANCED RUDDER FI ELD OF APPLI CATI ON The
invention relates to a rudder arrangenent for ships
havi ng hi gher speeds conprising a cavitation-reducing
twi sted, in particular balanced rudder according to
the preanble of claim1l. PRI OR ART Ships' rudders such
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Thus, JP(A) Sho 58-30896 describes a rudder for ships having a twisted rudder
blade consisting of an upper and a lower part, wherein both parts are twisted in
their directions facing the propeller and specifically in such a manner that only
the regions of the two parts relating to the nose strips are |aterally offset
whereas the regions extending to the end strips of the two parts have the same
cross-sectional profiles and the same cross-sectional dimensions.

GB 332,082 likewise discloses a ships’ rudder having a twisted rudder blade
whose profile regions facing the propeller, namely the nose strips to starboard
and port are laterally flared, the nose strips being configured to taper to a tip.
The cross-sectional profiles of the two rudder blade sections are configured so
that the side wall surfaces of the two rudder blade sections located on the port




surfaces of the two rudder bl ade surfaces | ocated one
above the other are the sane size and extend over the
entire height of the rudder blade. Due to the nose
strips tapering to a peak, sharp-edged indentations
are formed, which are exposed to cavitation and
destruction. An inprovenent if the propul sion should
be achieved with the profile configuration of this
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It is the object of the present invention to provide a rudder arrangement for
ships having large and very large dimensions, in particular balanced rudder
biades having a twisted rudder leading edge, in which erosion effects on the
rudder blade due to cavitation formation, in particular when used in fast ships
having highly loaded propellers, can be avoided and a rudder post mounting is
pfovided in which the rudder pipe drawn into the rudder blade leads the rudder
forces directly into the ships' hull via a collar bearing integrated at the bottom,
wherein the introduction of forces as a cantilever takes place as pure bending
stress without any torsional moments. In addition, the forces acting on the



This object is achieved in a rudder arrangenent
according to the type described initially as a result
of the functional cooperation of a tw sted bal anced
rudder blade with a special rudder post nounting
having the features specified in claim 1. According
to this, the rudder arrangenegnt according to the
invention is characterised in that it a.) consists of
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starboard SB and the other nose strip is laterally offset to starboard SB
or port BB with respect to the longitudinal central line LML of the rudder
blade, wherein the side wall surfaces of the two rudder blade sections
converge into an end strip facing away from the propeller,

al.) wherein the two nose strips and the end strip run downwards in a
conically tapering manner accompanied by a reduction in the cross-
sectional areas from the upper region OB to the lower region UB of the
rudder blade,

a2.) or the end strip runs rectilinearly and parallel to the rudder post and the
two nose strips run downwards in a conically tapering manner
accompanied by a reduction in the cross-sectional areas from the upper

region OB to the lower region UB,



cross-sectional surface sections of the upper rudder
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It has surprisingly been found that as a result of the configuration of the twisted
rudder blade as a balanced rudder according to the invention, having a smail
profile thickness and the mounting of the rudder post in the area of the greatest
profile thickness in the upper rudder blade section of the rudder blade, the lower
rudder blade section acquires a narrow profile so that despite the high speeds
of the propeller current impinging upon the rudder blade, a balancing of the
rudder blade is possible without additional expenditure of force even when this
has the largest dimensions, which is only attainable as a result of the functional
cooperation of twisted rudder blade with the rudder blade mounting but which



cannot be achieved wth other rudder bl ade
configurations and rudder post nountings. The

i nvention provides a rudder arrangenent, i.e. a system
conprising two conponents, i.e. a tw sted rudder

bl ade and a specially nounted rudder post cooperating
functionally therewith. This gudder arrangenent is the
technical solution which has surprisingly been found
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materials. High-strength forged steei can be used only as a result of the
mounting of the rudder post in the upper rudder blade section according to the
invention so that a substantial reduction in weight is possible and is also
achieved, i.e. up to 50% of the conventional rudder having the same

performance.

A further substantial advantage of the rudder arrangement with the combination
of rudder post mounting is that as a result of this type of integrated mounting in
the rudder blade, i.e. in the upper rudder blade section, the design of the
balanced rudder or spade rudder is made possible for the first time and this in




al nost unlimted size. Conventional rudders are

sem bal anced rudders with a rudder horn or rudder
support. Such intricate nmechanical structures can

barely be twisted at the | eading edge since the fixed
rudder horn and the rudder blade rotating therearound
are not so freely formabl e. The rudder-bl ade internal
forces and nonments occurring in these sem bal anced

r 'éﬁﬁ@ét%rﬂﬁ'ﬁteaoé?zéﬁ nedieRtidnal %§é‘élﬁrarb ibé‘laﬁé’écﬁﬂfcﬁfers with a
rudde avin e nountin he rudder pos

atudsiedinom oo rudder iSHpRATL.i B¢ lAtrg:agmrrrepbam:altsMugture@ can barely
t

B8 SRl SinR i8R0 b0 bl Wt el A ¥hd G rudder blace
u r:ﬁatmgaihe@romunawmt soifreely fnrmhbleoTheﬂm-blagileyntemal forces
t hi cker files.. Anpt el adeﬂ?ai%g:lst t due to e |
n80ft R & S Qreuringq ity e, se ed gl e %"'b”“""’my

sgrastérutiain o oAlanced p@ﬂaeﬁsl aabing mbenfounﬁrﬁg tof MieWRideler post
nmeans .t hat onger exi st betwe

pPESArding ip tf@qi}uvraafem ﬁ&&nfmnﬁéwaﬁqagtqefethﬁ leadifg cgdge of the
bhafRs - bldde afabﬁaume p?ép%ﬂé?f/%oiﬂdfh@&htéHr@i&haBIQe&ﬂmstructwely

gaps i s avoi ded severe cavitation erosion
péﬂ@@ﬂﬂmgalﬂ'ﬁﬁaﬁﬁe'r@,ll s. \aﬂ!s@ormaﬂoadmglmthlc&aﬂpmﬁ@ﬁ in

t he enbodi nent of the rudder arrangenent according to

the invention, the rudder pipe preferably consisting
oAnbthegaﬂvantagb is thatxdwen tte the m«:nlntingue:f rthiel dedddyl pnm balanced

into t rudder es 0 but W t h
oftideshaf & SfpHERT ol B PotnBie R e PHTme e e that
Wyaps Aoflongedesisicbstwesn thé prévuo@ﬂjﬂ neguied aidder hbmst ved their
hdrod namc centre to the ru ervmththeresult t

oPdger blades| As chEasHE wnsVBEsey thiguak fasesgans Is avoued and
aﬁH@ KNBF: cRHRRHR Bfibn Hérﬁ:“rﬂﬁg &réﬁeeay alid HKbigegnat ed by :
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As a result of the slender rudder profile and therefore due to the small profile
thickness of the rudder blade, it is possible, without particular stressing of the
bearing for the rudder post, to balanced out the rudder blade with respect to the
high pressure of the propeller current impinging on the lower rudder blade
section at very high speed.

In-order to eliminate the cavitation at the rudder blade, this has the profile
according to the invention which is divided into an upper and a lower half,
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but also higher, preferably 8° to the longitudinal central line LML of the cross-

sectional area of a rib.

Furthermore, an embodiment according to the invention is provided which
consists in that the flatly curved arcuate side wall sections of the upper and
lower rudder blade sections located on the port side BB and the starboard side
SB have a shorter length L4 compared with the length L5 of the highly curved




arcuate side wall sections of the upper and | ower

rudder bl ade sections is far greater than the arc

length (BL) of the flatly curved arcuate side wall
sections of the upper and | ower rudder bl ade sections

so that the transition zones OB1 of the highly curved
arcuate side wall sections ofgthe upper and | ower

rudder bl ade sections to the side wall sections
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section of the rudder bl ade according to Fig. 3, Fig.
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Fig. 1 shows a side view of the rudder arrangement comprising a twisted
balanced rudder blade having an upper and a lower rudder blade
section and comprising a rudder post mounted in the upper rudder

blade section,

Fig. 2 shows a diagrammatic view of the twisted rudder blade of the
rudder arrangement,

Fig. 3 shows a schematic skeletal diagram of the twisted rudder blade

with the outer skin removed and a number of plate-shaped frames
in the two rudder blade sections

Figs. 4, 4A,

4B, 4C show four plate-shaped frames of the upper rudder blade section
of the rudder blade according to Fig. 3,

Fig. 4D shows an enlarged view of a plate-shaped frame of the lower

rudder blade section of the rudder blade according to Fig. 3,




Fig. 6 shows an enlarged reproduction of the

pl at e-shaped frane according to Fig. 4, with

i nformati on on the distances of the lateral edge
regions fromthe |l ongitudinal central line of the
frame, Fig. 7 shows a skeletal diagram of another
enbodi nent of the twi sted bajganced rudder bl ade
conprising a plurality of plate-shaped franes
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d pi pe for the rudder post, 89 10, shows

enl arged vikalARGesinryddes plade « RMPpRIFIAG & PlYralfy, oﬁl%% shaped
of the rwﬁ&ﬁfé‘@ﬁ@dﬁ@%ﬂﬁ@\}tp@cﬁ&ﬁéi“ fddEOblade- sebtiofil &hd in the

11 shows an en ed vl e rom above of a fastening

pI ate arrarigwerﬂwlemb@detsﬁeﬂ@lpper rudder bl ade section
B ovver rudder Dbl ade section of the rudder
ngé?re'nt according to Fig. 7 having a profile and
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di mensi ons Qf the ba of..th r
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section, Figg. ‘l%tﬁ@a‘ﬁ@ fér retening\thewidder pipe fovihetradder post,

r udder bl ade, Ig. 13 shows a side view of the

r igseBDoBEde wi t h obl'i quel y running rudder blade edges
ort he propgidwPbnflkgkd views from above of three plate-shaped frames of

the lower rudder blade section of the rudder blade according to
Fig. 7,

Fig. 9 shows an enlarged view from above of the cover plate of the
upper rudder blade section of the rudder blade according to Fig. 7
with the gap for receiving the rudder pipe for the rudder post,

Fig. 10 shows an enlarged view from below of the twisted rudder blade of
the rudder arrangement according to Fig. 7,

Fig. 11 shows an enlarged view from above of a fastening plate arranged
between the upper rudder blade section and the lower rudder
blade section of the rudder arrangement according to Fig. 7
having a profile and having dimensions which include the profiles
and dimensions of the base plate of the upper rudder blade
section and the cover plate of the lower rudder blade section,

Fig. 12 shows a front view of the twisted rudder blade,




Fig. 14 shows a view from above of the cross-sectiona
profile of a frane of the upper rudder bl ade of

anot her enbodi nent and Fig. 15 shows a perpendi cul ar
section of the rudder post nounting with the rudder

pi pe for the rudder post arranged in the upper rudder

bl ade section. BEST MODE FOR 1©ARRYI NG OUT THE

I NVENTI ON The rudder arrangenent 200 according to the
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rudder blagﬁ 100.. The propeller axis is designated by
PA. The rudddfe 8#98: 100 according to Figs. 1, 2, 3
and 7 consists of two superposed rudder bl ade
sections 10, 20 whose nose_strips facing the
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nose strip 11 of the upper rudder blade section 10 is

offset to port BB and the nose strip 21 of the |ower
r Ghe eruddendarangenienh 209 jascomdingotto t thesinventien Fogsists of two
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the nose strip 21 of the |ower rudder blade section
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f %?'Pﬁ?eﬁé@i{’fa@ér%sjig degigﬁ%lgﬂﬁﬁ%.er 115 with interposed

X .
rec runnrng sections 16, 17 and
26, 27 which open into the end strip 15. The two

R eaE G Db AEeH e 6 EIBY 25 TR bk Bt two
superposed rudder blade sections 10, 20 whose nose strips 11, 21 facing the
prapeller 115 are offset in such a manner that the nose strip 11 of the upper
rudder blade section 10 is offset to port BB and the nose strip 21 of the lower
rudder blade section 20 is offset to starboard SB laterally to the longitudinal
central line LML of the rudder blade 100 (Figs. 4, 4A, 4B, 4C, 4D, 4E and 13).
The lateral offset of the nose strips 11, 21 can be achieved such that the nose
strip 11 of the upper rudder blade section 10 is offset to starboard SB and the
nose strip 21 of the lower rudder blade section 20 is offset to port BB. The two
side wall surfaces 12, 13 of the upper rudder blade section 10 and the side wall
surfaces 21, 23 of the lower rudder blade section 20 run from the nose strips
11, 21 in an arcuate manner in the direction of an end strip 15 facing away from




a nose strip 11 and 21 whereby the twisting is
achieved as result of their lateral displacenents.
The rudder arrangenment 200 preferably conprises a

bal anced rudder although differently configured
rudders can al so be used if these are suitable for
fitting with tw sted rudder gl ades and t he advant ages
of the rudder blade configuration according to the
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secti ons have the same or different
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20'SPRAGEMTISe strips 11, 21 of the two rudder bl ade
sections 10, 20 are configured as

sem ci rcul ar arc- shaped. The rudder. bl age 100
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Sl ze O Cross-sectional surfaces 30 of t he
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protile having a small proflle t hi ckness which is in
papnfiguned as pasiciciamasnt-staPedne profile of the side
wal |  surfaces 12, 13 and 22, 23 of the two rudder

bl ade sections 10, 20 is obtalned The small profijile
t Mhekmdser biadeht00 hdecorially eioywardlyausamann@sas stiippal 1. 21

I ﬁv ; E‘%’S‘*eth&r r}rrggtgps enlt[['e%?:ne%rsanﬁ P ul déé be? rucjﬁ:%i 883t 140
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L%h@twé *a@dd‘érrqaﬁdé g864tion8aj0, Dor fordise samki mofile Tbnfigzration of the
b(t)Jtppei!r lrJudder blade section 10 and for the same profile configuration of the
lower rudder blade section 20 decreases from the upper region OB to the lower
region UB of the rudder blade 100 so that due to the reduction of the cross-
sectional surfaces 30, a downwardly extending slender profile having a small
profile thickness which is in particular [determined] by the profile of the side wall
surfaces 12, 13 and 22, 23 of the two rudder blade sections 10, 20 is obtained.
The small profile thickness of the rudder blade 100 is also an essential feature

of the invention.



bl ade sections 10, 20 on both sides of the |argest
profile thickness PD are differently configured. The
cross-sectional sections 31 of the upper rudder bl ade
section 20 and the | ower rudder blade section 20 in
the area between the end strip 15 and the | argest
profile thickness PD of the nydder blade 100 have a
greater length L conpared with the length L1 of the
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pengthd; @I@“%’eéﬁ’ﬂﬂl aipki (Figgakr bl ade section 20 on
the starboard side SB each conprise a highly curved

side wall section 19, 29 running in an arcuate mann
aFie eentiguration of rtben nuriden bladesisr yeh that the unpetrh@dder blade
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configuration of e two rudder ade sections 10, 20,
tie, syhesein the side wall section 28 runmng in a flat arcuate manner is
adjoined by the rectilinearly running side wall section 16 which ends in the end

strip 15 (Fig. 5).

Furthermore, the upper rudder blade section 10 on the port side BB and the
lower rudder blade section 20 on the starboard side SB each comprise a highly
curved side wall section 19, 29 running in an arcuate manner and extending
from the nose strips 11, 21 in the direction of the end strip 15, having a length
L3 which extends over the length L3 of the side wall section 19 from the nose
strips 11, 21 as far as the greatest profile thickness PD plus a length L"3 which



wal | sections on both sides have ascending profiles
fromthe nose strips 11, 21 and fromthe end strip 15
in the direction of the largest profile thickness PD
The nose strip 11 of the upper rudder blade section 10
and the nose strip 21 of the |ower rudder bl ade
section 20 are laterally offggt to port BB and
starboard SB with respect to the |ongitudinal centra
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l'ne e cross-sectional area of rib. The
rudder arrangenent 200 further conprises a rudder post
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area of the 1great est profile thickness PD of th
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pPsdiler thickness &1D agd thr langily jateriiet g tudder
t BSst" 1t ke RPS together with its fastening dewce 145 over the total height of

the upper rudder blade section 10 of the rudder blade 100. For construction
reasons the rudder pipe 120 with the rudder post 140 can aiso be arranged in
the upper rudder blade section 10 between the greatest profile thickness PD

and the nose strips 11, 21.

The rudder pipe 120 which is drawn deeply into the upper rudder blade section
10 as a cantilever is provided with an inner hole 125 for receiving the rudder
post 140 (Fig. 14). The rudder pipe 120 is arranged by inserting the rudder pipe




end is configured as extending only into the upper
rudder bl ade section 10. In its inner hole 125 the
rudder pipe 120 has the bearing 150 for nounting the
rudder post 140, this bearing 150 preferably being
arranged in the lower end region 120b of the rudder
pi pe 120. The end 140b of thegsrudder post 140 is

gui ded out fromthe rudder plpe 120 with a section
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| ower
only a single inner bearing 150 is provided for mounting the rudder post 140 in
the rudder pipe 120; another bearing for the rudder blade 100 on the outer walll

of the rudder pipe 120 can be omitted.

The rudder blade 100 is provided with a retraction or recess indicated at 160 for
receiving the free lower end 120b of the rudder pipe 120.

The cross-section of the rudder pipe 120 is designed as thin-walled having at
least one collar bearing 130 on its inner wall side in the area of its free end for
mounting the rudder post 140. Additional bearings for the rudder post can also




rudder bl ade section 20 consist of a rudder plating
formng the side walls and horizontal web plates or
frames 40, 50 and vertical web plates or franes which
formthe inner stiffening of the two rudder bl ades.
The web plates are provided wth |ightening and

i mber holes. As shown in Figg. 3, 4, 4A, 4B, 4C and
8, 8A 8B, 8C, all the frames 40 of the upper rudder
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sanme sid gui dance and mat chi ng nose
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cfFigstdect i onal surfaces of the frarres decr easi ng
fromtop to bottom so that the nose strips 11 run
obliquely towards the base of the rudder blade 100
(K&eeprdihp. toAFigst Beandr anhe tﬁjbeﬁfruddm B!mseﬂmdﬁb ahHetﬂe lower

Cietia blacs Apolian 2B ek Aaiier piatiag fEvns e Pk ways and

t R&izon®d) $eb aétetsftﬂ fiamee40,55D dR¢ béﬁiéélr\ﬂetf prafad &errames which
respectively uppernost frame o | ower nost frane

aleamthgdnnerstifeaiag of thebva Fusisier 9@@@50% wehHates are provided
t\heh héﬁ@ﬁﬁ@ %?q{nwl s romtop to bottom so that the

nose strip run o quely towards the base of the
rudder blade 20. As a result of this configuration,

e PR 15000, ALt ZAaho R R o 4850 s 40 of e

pelruetiae:dﬁwmedﬁon 10/t tisssuddee bt m& hpee e same shape,
({6 samesie i Giabioecanmelahinia fogecsirn 1 Erd ond iz 15. the
ARG oibihed‘ﬁarﬁsgab@%ﬁsmg fro%ﬁ tﬁ@ﬁe&fﬂcﬁw ﬁﬁﬁ&ﬁhdﬂ;‘t rf@ﬁtd 16 the

t o one anot her. the two rudde

HPweEmeldrapand @uszme@rl@ R Eeseipoctonsh surtesRs didhe fpmes
r@i&?éaéiﬁ%gohf‘ 60! oM, %Beihéﬁheﬂbbé s}@%‘ﬁniﬁ%miq%g tBwards

tric cross-sectional surface sections
MSMSBGﬁmesn@der biade He0 (Fignd).t udi nal central |ine LM
and a surface profile and di nensi ons which encl ose
the base plate 42 of the upper rudder blade section 10
amltl thdnframeio othr@t lewéi rmide!r ivtadeos@ation Rideavebth@dsame shape,

S e Sl e i 5 25 bl S, e
qangmpoioihetﬁ’@n@& B@fdecreasmg from the respectively uppermost frame to
the lowermost frame and thus the size of the cross-sectional surfaces of the
frames decreasing from top to bottom, so that the nose strips 11 run obliquely
towards the base of the rudder blade 20.

As a result of this configuration, the nose strips 11, 21 of the upper rudder blade
section 10 and the lower rudder blade section 20 run obliquely downwards,
whereas the end strips 15 run rectilinearly and parallel to the longitudinal axis of
the rudder post 140, as shown in Fig. 1.




on the fastening plate 45 and the | ower rudder bl ade
section 20 is placed on the fastening plate 45 from
bel ow, this projects laterally with a very snmall edge
region fromthe rudder bl ade sections 10, 20 pl aced
one upon the other (Figs. 10 and 11). The fastening
pl ate 45 has a sem circul ar ggge rounding 11' |ying
on the central longitudinal line LM, facing the

PTIRPEVD RiddaP QlaﬁB sBEfshs1f0, docdnse constdd diPédtIon one another.
propel | er, which goes over into the end strips of

tInFigso’ apd dde they fel euder thiastes sa@iona 0, 2ﬁear§|q9@nﬁﬁp¢ to one
4 5y af t
SéHcftﬁé'eB Rféané ?f ? féﬁ%sﬁ@ 15 28, i gi‘.fﬁgtéglrr]lga¥%’te tdhse has

matchlng arc profi ovvn in
| syvemetrigald erosistsedtionsd csurtace2 eectitinei 48, #heon fhalh esidlesy of the

Bl ool 8 P 8% oA vitebe, DTS aRd S pion
Omdmpthedmsbmiatbattz of thiahqa;feramd?erétﬂadmbecﬂdnt‘m ahe the cover

| A4 10k haiower udpe Blage sgetrieo wih 56 biblessnd dimensions
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he sections and D are the sane in ternms
dsrn ﬁaﬁdﬂﬁeems@atmé %\ddaglmmeﬁw blade segtionz0 isplaced on the
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€ nose stri Section’C |
a'agiohrfe:un thiye smi:iemiade sactibng 1O, ﬂaﬂamdr@ep'"mreth@mthem@:lgs.

of CRE 438, T RSB Bafe 45 18T A, SfigrbEL S8 oyl 1 ting
rothiel cemtraf lohgitudinaitine LML, fading hmsgngﬁlel(ljarfﬁgsaw@dge i Sidfacing

hi ghl cyrved arcuate side wall of

i omota’ BORBISH el 005 Ser 485 her gt B8 108 thp two
Ghddesia@aSettibris M, 0 TRE dide WAIP@HifadErt 45& 45600f the fadi@ning
side walls of the frames 40 with the hi ghly curved

Hatg Adhavedvaighing asepififs$s 19 |ie on 18 the starboard
side SB (Figs. 8, 8A, 8B and 8C). The cross-sectional
surfaces of the franes 50 of the | ower rudder bl ade

s%a:sh@mn do Fgerdand 10,ofet lower suddgar: Riade isectien 20i adjoips the
ASBAPb3RLS B W oGBS 5 et Bl b sptonal
I%uqace configuratiort dved stmwwmoh eomrpspanes4a thedt of thee frames 40 but
51 P e o 80 oy, 1 BT JoMirhhita e L
XPigs D\ = 8D, 8W, BFPM beI ow of the rudder blade 100
with its two rudder blade
According to Figs. 7, 8, 8A, 8B and 8C, the frames 40 of the sections A, B, C
and D are the same in terms of profile but the cross-sectional surface of the
individual frames 40 decreases from top to bottom so that the nose strip 11 runs
obliquely. Section C is adjoined by section D with the fastening plate 45. The
frames 50 of sections E, F and G of the lower rudder blade section 20 have the
same profiles as the profiles of the frames 40 but the side walls with the highly
curved arcuate side wall sections 29 of the frames 50 lies on the port side BB
(Figs. 8D, 8E and 8F) whereas in the exemplary embodiment of Fig. 7, the side
walls of the frames 40 with the highly curved arcuate side wall sections 19 lie on




sections 10, 20 and the franmes 40 and 50. The di aneter
of the gap 105 or hole in the upper rudder bl ade
section 10 for receiving the rudder pipe 120 for the
rudder post 140 is sonewhat smaller than the |argest
profile thickness PD of the rudder blade section 10.
As a result of this configuration a very slender
rudder bl ade profile is created. The configurati on and
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19, 29 of the upper and | ower rudder bl ade sections

10, 20 (Figs. 5 and 6). The distance a of the side
WRighires 8 Gho®R thE uppbet BSvetikfte 43u6iRE uppkR eRides Blddensekiion 10

to the longitudinal central |ine LM and the distance

awhish s peovidechwithdne 93 JOBJAr indrogpeing e sudaer pre 140. Figure
?E% Shews rédvié&[fhdgr;/ i:gloWSf feSLa8ECRade 108 it ifs ?‘L‘%“ﬁiéﬁ’ga blade

same but ecrease in the direction o
ssedtipng 30, Zhand the rames 40 andd8nce rel ati onshi ps are
obtained in the direction of ‘the nose strip 11. a2 <
a3 a4 < ab a6b<a7 19 The greatest profile thickness
PThé dizmétet bbtiee gdph 405 arlhole mgthei wiipen cedderdilade secthinpt0 for
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t s epnfiguration & \erpplendergudder blade profileds createdii st ances
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The configuration and the cross-sectional profile of the rudder blade 100 with its
two rudder blade sections 10, 20 are such that the flatly curved arcuate side
wall sections 18, 28 of the upper and lower rudder blade sections 10, 20 have a
short length L2, L'2 compared with the length L3 of the highly curved arcuate
side wall sections 19, 29 of the upper and lower rudder blade sections 10, 20
(Figs. 5 and 6). The distance a of the side wall section 18 of the upper rudder
blade section 10 to the longitudinal central line LML and the distance a1 of the
side wall section 19 are the same. As far as the end strip 15 the distances a, a1
are always the same but they decrease in the direction of the end strip 15. The
following distance relationships are obtained in the direction of the nose strip
11:

az2 <ad
ad <ab
a6 < a7



al3, alb, al7, al9 decrease substantially with respect
to the distances a8, al0, al2, al4, al6, al8 in the
direction of the nose strip 11. This cross-sectiona
profile with the di stances shown extends through al
the cross-sections of the wupper rudder blade section
10 and through all the cross-gections of the | ower
rudder bl ade since all the cross-sectional surfaces of

t el RpSito&ty @ﬁlebhﬁﬂ@neﬁeﬁb' Wen FollWE tTRE $IFing distance

shapes, which also applies the cross-sectiona

s ielptienshirrs arnéhembtameddmﬁre @mﬂuen@éﬂta rselripnd
specifically taking into account the fact that the
cross-sectional surface or frames of the rudder bl ade
100 taper fromtop to bottaBrria® relation to their
lengths and in relation to ﬁgelr regions facing the
nose strips (Fig. 10). Accd to a further

enbodi ment according to Figl2 iﬁ13t he arc |l ength BL1 of
the highly curved arcuate sjde wall sections 19, 29 of
t he upper and | ower rudde?bt &d@ section 10, 20 is
greater than the arc lengtgnéb 9% the flatly curved
arcuate side wall sections 18, 28 of the upper and

| ower rudder blade sectiom180a120 so that the
transition zones 061 of the highly curved arcuate side
wal | sections 19, 29 of the upper and | ower rudder
bwheeeis dbe iratis of he Aistancesha16 ital a1 7vial abak & 1.0FRiguler 6 clearly

2 | | th d .stri 5 d th
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manner that the transition zone respect to

t HBPeT Bidder blgdesegtion (B and thxeughgalt H‘@ @rnas-sseﬁtiqﬁs aofithe lower
t I I
i 580 o AR 5o s it} of 65 LB pf o e
Lselctio@F‘l@ haye)the'ﬁamé ebapesi which alsot appliesedo thederosmbeéctional
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< SRS 188 ol o< ol T, e R Rl i agpoumt
ctheviacipat thet dress-sectional surface or frames of the rudder blade 100 taper
from top to bottom in relation to their lengths and in relation to their regions

facing the nose strips (Fig. 10).

According to a further embodiment according to Fig. 14, the arc length BL1 of
the highly curved arcuate side wall sections 19, 29 of the upper and lower
rudder blade section 10, 20 is greater than the arc length BL of the flatly curved
arcuate side wall sections 18, 28 of the upper and lower rudder blade section
10, 20 so that the transition zones UB1 of the highly curved arcuate side wall
sections 19, 29 of the upper and lower rudder blade sections 10, 20 to the side
wall sections 17, 27 running rectilinearly to the end strip 15 and the transition
zones UB of the flatly curved arcuate side wall sections 18, 28 of the upper and
lower rudder blade sections 10, 20 to the side wall sections 16, 26 running




end strip 15, preferably have the sanme | engths but an
unequal length configuration is also possible. The
i nvention al so enbraces rudder arrangenents in which
the twisted rudder blade 100 is provided with a fin
extendi ng over the two rudder blade sections 10, 20.
The rudder arrangenent accorgjng to the invention is
character| sed by the features specified in the

gfgfrﬁ:‘éa Eﬂ@gﬁ@@ﬂﬁﬁ?%&%o %ﬁﬁ%@ﬁoﬂé&l&nh?f the end strip 15 in
tsmehfa g'lanaer tifat ttﬂ&atranlsltm Age UB]! with réspBctitor thadeansition zone

enen for avin her., s

B RGeS AR 88 eI iounS B FECHES VB skt 1o
rmaiﬂze,qgm@ﬁfogows: rudder blade with a propeller
(115) arranged on a drivable propeller axis (PA),
which is associated with the rudder blade, and a
rudder post (140) connectegatip the rudder bl ade
(100), characterised in that the rudder arrangenent
(200) a.) consists of a batarfided rudder bl ade (100)
preferably having a slendgf prpfile with a smal
profile thickness, conprising two superposed rudder
bl ade sections (10, 20) having the same or different
nggqgi, preferably conprising a | ower rudder bl ade

[ (20) having a snaller height conpared with the
hei ght of the upper rudder bl ade section (10) and

ri3| nos str 1, 21) facing.t opel | er
(08 Rther el st seetpb J6nfic, 76, 4P lbBGpeE fudder
\Mlﬁcfehséét@npﬂ‘ﬁ bhd w@w& ridddt lﬂad@smmntzﬂﬁﬁvh.cﬁ%nw@e to the
strip (11) is offset to port (BB)_ or starboard

SB)
ahd sk 16 nhereferably bﬁve pthe2 sames langths, &UFya'bflf’BeélPa'( dength

(BB) with respect to the
%’ﬂg maﬁs‘,;i rﬁ? line (LML) of the rudder bl ade

(100), mhereln the side wall surfaces (12, 13; 22, 23)
The invention also embraces rudder arrangements in which the twisted rudder
blade 100 is provided with a fin extending over the two rudder blade sections
10, 20.

The rudder arrangement according to the invention is characterised by the
features specified in the claims, by the embodiments presented in the
description and by the exemplary embodiments shown in the figures of the
drawings.



of the two rudder bl ade sections (10, 20) converge
into an end strip (15) facing away fromthe propeller
(115), al.) wherein the two nose strips (11, 21) and
the end strip (15) run downwards in a conically
taperi ng manner acconpanied by a reduction in the
cross-sectional areas (30) frgmthe upper region (OB)
to the lower region (UB) of the rudder blade (100),

a2.) or the end strip (15) dL#!fVISeC“ linearly and

parallel to the rudder po ) and the two nose
strips (11, 21) run dowwards in a conically tapering

nner ,a ' [ N . 2 -
Coss. AcHERER Atarelent 1o SHirs, RS iBr“Fhssds. compyeing @
t 0 t hecavitaton-rec@irontwisiByl, irapaiticulae halancethaudder, comprising a
Cross-segcti | syrface sectiqus (31) of the er .
FUdder RiianBR3e apA BioRSIEE H) Rebate pn A bR piopgter axis
sect i ofpA)2(hichi ib dsbscistedivitth hetegsy tilide, e & udder (pbB) (140)
and the greatest profile thickness (PD) of the rudder
bl ade ¢aertagdpdhe ryddeqblade(§00ani ch  corresponds to
at | eagy réct%/?'i%écfrﬁs the length (L1) of the cross-
sectional surface sections (32) of the upper rudder
bl ade thatthegudde¢nayangemeant&dBwer rudder bl ade section
(20) between the greatest profile thickness (PD) of
t he rudder bl ade (100) and the nose strips (11, 21),
ad.) whér eiconsists b Ee balanded rubdderdelade ot 0O pleféablynhaving a

the port side (BB nd .t he | ower rudder. bl ade sect.ion
(20) on thegg'?éﬁ'bé%ﬂ% &“&'e?(%@_)a B'Qﬁ,% gﬂ?ﬁS‘PF%e@”’?ﬁ'ﬁ'é'g two
wal | secti ofupehsosedBuddonbidde settions (40, 20)Chatifg the same or
manner and extendi ng fromthe nose strj

> s (11, Zaq in
the directdierest heightengreferaply @ﬁ?B’P,"'s'ﬁgvﬁn wer | idder, blade
(L2) whi ch s‘@&ﬁ?ﬁg%) Rl hhgndIRR Byt ombakid Wil tisé ABight of
wal | sections (18) fromthe nose strips (11, 21) as )
far as the theennesrugdestbiade spriéamEHY qrrpyorppiiging nose strips

noth (L 2B RV s Rl Foeimtes
runni ng i n seniciacular profitee which are positioned in such a manner that
one nose strip (11) is offset to port (BB) or starboard (SB) and the
other nose strip (21) is laterally offset to starboard (SB) or port
(BB) with respect to the longitudinal central line (LML) of the
rudder blade (100), wherein the side wall surfaces (12, 13, 22, 23)
of the two rudder blade sections (10, 20) converge into an end
strip (15) facing away from the propeller (115),
at.) wherein the two nose strips (11, 21) and the end strip (15) run
downwards in a conically tapering manner accompanied by a
reduction in the cross-sectional areas (30) from the upper region
(OB) to the lower region (UB) of the rudder blade (100),
a2.) or the end strip (15) runs rectilinearly and parallel to the rudder
post (140) and the two nose strips (11, 21) run downwards in a
conically tapering manner accompanied by a reduction in the



manner is adjoined by the rectilinearly running side
wal | section (16, 26) which runs out in the end strip
(15), ab.) wherein the upper rudder bl ade section (10)
on the port side (BB) and the |ower rudder bl ade
section (20) on the starboard side (SB) each conprise
a highly curved side wall seejion (19, 29) running in
an arcuate manner and extending fromthe nose strips

(11, 21) 'chstsr&?ec%ﬁéi“atrééﬁ“(%ﬁ frohfthenppet rd )to the lower
haV|ng a length (L3) wh extends over t engt h
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rectil i nearcPreskRiKisny & %@vﬂir?ltﬁ'&? ﬁ@n&@%“‘ﬁ?"f g cross-
27) have t hgcgeHm sLgac Bsctions {32y 6f ecigpee rudder blade section
cross-sectional surface sections |ocated betwee

T’ s do- wdf0) anstiededer nigden biads sectonZ0n paaee tog seeatest
size and ang fg@%fcﬂhﬁs%dgﬁdﬁgﬂﬂ‘ié ‘i’?&dé(’ Ki5de Eﬁ@%} BhE tRé ose
si de wal 18; 28)

t he di st ang etween th section
runni ng i n srigs @Af, 2)cuate manner fromthe | ongi t udi nal

cort e oke| herb R ubRecBRbeBed BBetdic 8,266 Bort sive o0
?ﬁf\:/tL I) on n((]I 1%&123% éivg@g%dm gjrt]adeggemdn (20) onethe starboardeside (SB)
bet ween 1Rach \Remprise a\,%dq WS'LE?‘H 3951@9%@ H'h% fl%tt Siuate
inafl at aﬁéﬁ@reaﬁﬂirm@éndm[ fieph Nthei ﬁ@@e akrigsh €11, 21) in the

| ongi tudinal central |ine

asymet ri c&linegtiemef ﬂb‘e)er@oﬂﬁp 1“ gg‘%ﬁg?‘ %@H (gg)s‘f"h'(:’ﬁéﬂ?f ends
cooper at i ng, bH{ IeﬂBEJ QYZ)V&fttH%tshﬁ whl QQ@lfonE | (49Pfr6ﬂﬂ|0[% nose

havi ng at | east one ren wherei n the rudde
post (140) stips (4 @fikas far aaatme gfeabat @r@ﬂle§bl§lsne%%(PD) plus a

length (L"2) which corresponds to at least 115 of the length (L'2),
wherein the side wall section (18, 28) running in a flat arcuate
manner is adjoined by the rectilinearly running side wall section
(16, 26) which runs out in the end strip (15),

a5.) wherein the upper rudder blade section (10) on the port side (BB)
and the lower rudder blade section (20) on the starboard side (SB)
each comprise a highly curved side wall section (19, 29) running
in an arcuate manner and extending from the nose strips (11, 21)
in the direction of the end strip (15), having a length (L3) which
extends over the length (L'3) of the side wall sections (19) from
the nose strips (11, 21) as far as the greatest profile thickness
(PD) plus a length (L"3) which corresponds to at least /s of the
length (L'3), wherein the highly curved side wall section (19, 29)
running in an arcuate manner is adjoined by the rectilinearly



anot her suitable material, together with the rudder
pi pe (120) receiving said post, in particular nmde of
forged steel or another suitable material is arranged
in the area of the greatest profile thickness (PD) or
between this and the nose strips of the upper rudder
bl ade section (10) therein angd extends with its end
fasteni ng device (145) over the entire height of the

upper rudd t ’
rudder pi pg'{l( 1@%%{)%&%@%@5 ZJggﬁcHi\ﬁgfs%mdﬁ;tllﬁéhﬁ? end strip

dr awn deepl(>15).nto t he upper rudder bl ade section (10)
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desi gned as_t hi n-yal d t dd 120
destaned, a5l Yobletoe A YBE Y 4Bl REhaROe, 17 25,
wal | ~side ingtdﬁ@tr&f%n@ﬁlzemdfdreeoﬁﬁgijrédmymmemdaﬂgahh\e

dd t (140 d 24 ba.) wh d
ogi or L 140M)ereHL e diiganss, depaat i i, wall SeEon (1, 29

the r udder rﬁhﬁiﬁg(lﬁ%oﬁatvﬂréﬁhté rR&rier $font ﬁ@@hgﬁ!&nélf&éntm! line

end of this seCtion Oa) is connected to

rudder bl adéMLée%g@ate( trein. the. distaace Lmareee:bme-ghﬁf arcuately

arr angenent Iyl |
that a fastrgﬁﬁﬁg g‘ieg‘?%ﬁ ?i@&ﬁi@a??)aﬁn%@ﬁ \?Eé(ﬁﬁal Gontral line
gIopSr rud?g(LMM)amhd theemrom?ec(t‘mpl amcraqehsedtmrlwajewémetween
ade section I
rudder bl a&Eeé'&‘ats?dgﬁ%a I(W'O%gqsy\%ﬁgﬁ'@ﬁﬁ%t ﬁg ftagg{'tgm%rganner
plate (45) dinbothyide 6f thellongitdmat eentiadting (SMLJ aeeconfigured
bot h sides of the |ongitudinal

secti ons (46, AF“}_ o%
central |i rRSYMMENICAYAY surface profile and
di mensp, ?ns Mrsls 8Nl nager B@stb(aa@) Qééﬁe?at(n@Zﬁm@foﬁdw with the

upper rudder blade section (10) and the cover plate

(41) of thaudderhlade t@sy. ftﬁvatgeatsl%aﬁt opf beapy. wi t h
their gy of i\ ESefe NidTI Po8\E40), in particular made of forged steel or

another suitable material, together with the rudder pipe (120}
receiving said post, in particular made of forged steel or another
suitable material is arranged in the area of the greatest profile
thickness (PD) or between this and the nose strips of the upper
rudder blade section (10) therein and extends with its end
fastening device (145) over the entire height of the upper rudder
blade section (10),

'b2.) wherein the rudder pipe (120) for the rudder post (140) which is
drawn deeply into the upper rudder blade section (10) as a
cantilever is provided with a central longitudinal hole (125) for

receiving the rudder post (140),

b3.) wherein the rudder pipe cross-section is designed as thin-walled
and the rudder pipe (120) preferably has a collar bearing (130) on
the inner wall side in the area of its free end for mounting the
rudder post (140), and




3. The rudder arrangenent according to one of the
preceding clainms 1 or 2, characterised in that the
nose strip (11) of the upper rudder bl ade section (10)
and the nose strip (21) of the |lower rudder bl ade
section (20) are laterally offset to port (BB) and
starboard (SB) with respect ty@ the |ongitudina

central line (LM.) in such a manner that the centra
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to 3, characterised in that the flatly curved arcuate
side wall sections (18, 28) of the upper and | ower

rzidderTHY mddesbiatié anangdfient2ébcotditgpioasaiani .t he port
side (BB) and ¢the starboard side (SB) have a shorter
| engt PheraplerssddBred with the length (L5) of the
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S'fde (c%ﬁhectég tgqﬁerruﬁic?&rﬁﬁu‘tié %Egﬁd’fﬁngoa‘é r\mé?gmttﬂeq’ﬁ&enlng
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I en?t RiitBhgion$ whith é:?ccwczéﬁythewasecblaec(wma the dppentddder blade
Socti ction §T0),40d 19 edvar AR (415 ah e IPgRr THHEE biadie, sSction

of thg 2@)h M theireMes ahg aphéngidkle wal | sections (19,
29) of the upper and | ower rudder bl ade sections (10,

20) to the side wall sections (17, 27) running

recti hpeanhyy 5r?ar2%@e?@gcﬁ]rgir§ t6 %ﬁé of e \;ﬁrgéedm cla1ms1 or 2,

transition zones y cur arc
si de whbBltacteriseddnms (18, 28) of the upper and Iovver

oct i o7 RSB Iitt Abtecin s, Da98 sBfion,(10) and the
stri p npsB)stdp €210fdftee lowertradder blade section (20) are laterally offset
to port (BB) and starboard (SB) with respect to the longitudinal central
line (LML) in such a manner that the central line (M2) drawn through the
laterally offset nose strip sections is running at an angle a of at least 3° to
10° but also higher, preferably 8° to the longitudinal central line (LML) of

the cross-sectional area of a rib.

4, The rudder arrangement according to one of the preceding claims 1 to 3,

characterised in

that the flatly curved arcuate side wall sections (18, 28) of the upper and
lower rudder blade sections (10, 20) located on the port side (BB) and
the starboard side (SB) have a shorter length (L4) compared with the
length (L5) of the highly curved arcuate side wall sections (19, 29) of the




direction of the end strip. 6. The rudder arrangenent
according to one of the preceding clains 1 to 5,
characterised in that the dianeter of the gap (105) or
hole in the upper rudder blade section (10) for
receiving the rudder pipe (120) is somewhat small er
conpared with the greatest prefile thickness (PD) of
the rudder blade section (10). 7. The rudder

ar T anqgIERp bnd iR tuldor B8 Setforls\0P26BENEY ol o/Sarboard

aracterise t ge or nose strip
(11, e (8B)dne orutheqorbsidelBBYL00) facing the
propeller (115) runs obliquely to the edge or end
strip (15) facing away fromthe propeller (115) at an
adgl e Thenfudder drearstentent predredingltbyné@d the preceding claims 1 to 4,

characterised in

that the arc length (BL1) of the highly curved arcuate side wall sections
(19, 29) of the upper and lower rudder blade sections (10, 20) is greater
than the arc length (BL) of the flatly curved arcuate side wall sections
(18, 28) of the upper and lower rudder blade sections (10, 20) so that the
transition zones (UB1) of the highly curved arcuate side wall sections
(19, 29) of the upper and lower rudder blade sections (10, 20) to the side
wall sections (17, 27) running rectilinearly to the end strip (15) and the
transition zones (UB) of the flatly curved arcuate side wall sections (18,
28) of the upper and lower rudder blade sections (10, 20) to the side wall
sections (16, 26) running rectilinearly to the end strip (15) are offset in the
direction of the end strip.

6. The rudder arrangement according to one of the preceding claims 1 to 5,
characterised in
that the diameter of the gap (105) or hole in the upper rudder blade
section (10) for receiving the rudder pipe (120) is somewhat smaller
compared with the greatest profile thickness (PD) of the rudder blade
section (10).

7. The rudder arrangement according to one of the preceding claims 1 to 6,
characterised in
that the edge or nose strip (11, 21) of the rudder blade (100) facing the
propeller (115) runs obliquely to the edge or end strip (15) facing away
from the propeller (115) at an angle B of at least 5°, preferably 10°.



