1 Rudder for ships This invention relates to a rudder
for ships according to the preanble of claiml. It is
known that the rudder trunk of a rudder systemis nade
of wought steel so that such rudder systens have
hi gh wei ghts. The aimof th{s invention is to find
for the conponent rudder post an alternative materi al
for the wought steel. However, a sole materia
substitution for the conponent rudder post can |ead
to diByddaiifer shipsn t he whol e system for exanple to an
exceedi ng of maximally adm ssi bl e bearing openings due
to too great differences in the stiffness of the
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t he ?’Edder trunﬁ In creating a rudder trunk with a
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indicated in claiml1. Accordingly, the invention
consi,sts in t the rudder tru of the rudder
syst ecamiotsf{}ﬁﬁgmé’?n['ﬂ% I JBJIE}CF lf(ﬂra@@, CQmpongRigaidder
post p_fﬂ:BF ahhalterndtias natensl fo3 tﬁédgrdmlﬁg.htl stadlr Plowevepsat e
mat er | nd_after.inserti and al’i gping,is cast or
ponastt maffatbusSnii o, % 2metnedt idaerspEd by
t he $adpytar diffouttiesx irertbenghble sybmrﬂé,gmr egalmgleofto;@ug
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compebEednd S ohafRERY aiSel e Sherindf up To 1é0
st r ugreatditfedenseplimttes stiffness of the components rudder post
and rudder trunk. For this reason, a material substitution is also
provided for the rudder trunk in creating a rudder trunk with a
low weight which has, in spite of a low weight, a high flexural
strength and rigidity against torsion.

This aim is achieved for a rudder according to the type
described in the introduction with the characteristics indicated in
claim 1.

Accordingly, the invention consists in that the rudder frunk of
the rudder system consisting of the rudder blade, the rudder
post and the rudder trunk is made of a fibre composite material
and after inserting and aligning is cast or bonded in an outer
nautical trunk tube prepared by the shipyard and extending to
the lower edge of the head box.

The integration of the rudder trunk in fibre composite
construction into the nautical steel structure takes place
similarly as for a stemn tube. The rudder trunk is inserted and




simlarly as for a stern tube. The rudder trunk is
inserted and 2 aligned in an outer nautical trunk tube
prepared by the shipyard which extends to the | ower
edge of the head box and then cast or bonded. Det ai
solutions (for exanple inserjing of tapered rings
made of flexible materials) are to be found for the

| oner edge of the nautical trunk tube in order to
reduce here local tension concentrations in the trunk
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FIbr@osts. The use of a rudder post made of fibre composite
material also requires the substitution of the material for the
rudder trunk. With fibre composite materials, clear weight
advantages are to be achieved compared with wrought steel
components. The inserting of the rudder trunk into the nautical
structure prepared by the shipyard by an adhesive method
brings technological advantages such as better alignment
possibilities, the suppression of welded connections and
welding delay.

Further advantageous configurations are the subject of the
subclaims.

Besides the configuration of the rudder trunk of a fibre
composite material, according to a further embodiment of the
invention, the rudder post of the rudder system is also made of
a fibre composite material.




conposite material, according to a further enbodi nent
of the invention, the rudder post of the rudder
systemis also made of a fibre conposite material. 3
The fibre conposite material is a carbon fibre
conposite material or of carbon fibres with an epoxy
resin matrix or a glass fibre conposite material wth
pol yester resin matrix. According to a further

enbodi nent, the rudder post and/or the rudder trunk
are mheufiata wardpesiteo rmdategiat dst e chrbamdire eomgosite

”Et h ﬂgatcaﬁﬁe?}‘ of cgr%(:j’n "HLE i I'[ %ﬁg@g%( gésﬁf it 89S

re conp
par t plagsdibrg camp@ﬁttag@aiegarwuh polyestetaesintratrixudder
trunk of which is provided as a projecting support
wth a central inner |ongitudinal bore for receiving

t he AcGAWERG ot furiber embadimest, theauddanpostsand/or the

conf | d c ImidHu®a | ade
thrﬁ!{?r lSﬁnggr wégs{ﬁ end, Ct&ﬁé?re ‘?&ln egglﬁg%oﬁggﬁlbgged

in t Wending &ethedygi t udi nal bore of the rudder trunk
for bearing the rudder post beari ng which penetrates
with |tsfrf3e end in rec taper or the like into

the FORdEE B éd@dd%@%wn e of aedes ast gpade @f 2 i n
its fibe aoedpoliteh neatesalt liS)fbarﬁetiiaﬂ% Adhgarit s tfbmk

d t {
fha e i et felnk £F Whieh 35, roviieghas a prectng
r uddsuppas twithi & rcenel Frwéfelbnglt@@iﬁal Bomd faraleedivitipfs

th || ft t d
bear (U5 &P5} f 1o W8 pad RSe 3 BiGaatinelRaching intos
in tte rumﬂéerbladwodmmecte@emﬂﬂmein&m@f ost ead/ Wﬁl@ﬁéby

trunk. betgr?‘ﬁlg %g%ééd'ﬂm kid %n%?%ngfu@nﬁlbo%roefrme Nughet M€

rudder
trunk for bearing the rudder post, bearing which penetrates with

its free end in a recess, taper or the like into the rudder blade,
whereby the rudder post projects in its end area with a section
out of the rudder trunk and is connected with the end of this
section with the rudder blade, whereby the connection of the
rudder post with the rudder blade is situated above the propeller
shaft centre and whereby the inner bearing for the bearing of
the rudder post is placed in the rudder trunk in the end area of
the rudder trunk.

The high stability and flexural strength of the rudder trunk made
of a fibre composite material allows to place the bearing for the
rudder post in the end area of the rudder trunk, even if the
rudder post should have a bigger length. Only this bearing
arrangement for the rudder post allows that the pressure forces
acting onto the rudder blade of the rudder can be absorbed.



of a fibre conposite material allows to place the
bearing for the rudder post in the end area of the
rudder trunk, even if the rudder post should have a
bi gger length. Only this bearing arrangenent for the
rudder post allows that the gressure forces acting
onto the rudder blade of the rudder can be absorbed. 4
Furthernore, the rudder post can have end sections

made of a non netallic material, in particular of
wr ougniérthergipreathe aidsentpost cas dave@nchsettioos madeof a
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sheathed and lined with a cast resin in the whole winding area
extending over the length of the central section.

Such a configuration of the rudder post brings the advantage
that rudder posts with a big length, a big diameter and a high
weight can be produced for rudders for water vehicles without a
manufacturing of the whole rudder post of wrought iron being
necessary since only the end sections of the rudder post are
produced of wrought iron, while the central section of the rudder
post situated between the end sections is made of a non
metallic material and in particular of a carbon fibre material or of
carbon fibres, preferably of graphite fibres which form in form of
windings the central post section of the rudder post, whereby
the windings of the carbon fibre composite material or the
carbon fibres extend into the opposite ends of the end sections
of the rudder post and are fixedly connected with them. In this

manner, a rudder post is created, the end sections are made of




produced of wought iron, while the central section of
the rudder post situated between the end sections is
made of a non netallic material and in particul ar of
a carbon fibre material or of carbon fibres,
preferably of graphite fibres which formin form of

wi ndi ngs the central post section of the rudder post,
whereby the wi ndings of the carbon fibre conposite
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drawi ngs. Fig. 1 shows a side view of a rudder
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rudder systemwi th the rudder trunk, the rudder post
and the rudder blade. Fig. 3 shows an enl arged cutout

A acFy.di skbwaldide view 8f & Fuddt arrangement provide in the
after body area with a rudder post placed in a rudder trunk.

Fig. 2 shows partly in view and partly in a vertical section a
rudder system with the rudder trunk, the rudder post and the
rudder blade.

Fig. 3 shows an enlarged cutout A according to fig., 2 with the
rudder trunk reaching to the lower edge of the head box and
inserted as well as cast or bonded in an outer trunk tube.

Fig. 4 shows partly in view and partly in a vertical section the
rudder system with the rudder post supported on one end side
in the trunk tube and fixed on the rudder post.

Fig. 5 shows a view of the rudder post with end-sided sections
made of wrought iron and with a central rudder shaft section
made of a non metallic material.




rudder trunk reaching to the | ower edge of the head
box and inserted as well as cast or bonded in an
outer trunk tube. Fig. 4 shows partly in view and
partly in a vertical section the rudder systemwth
the rudder post supported onsone end side in the
trunk tube and fixed on the rudder post. Fig. 5 shows
a view of the rudder post with end-sided sectlons
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trunk 20 is limited by a lateral planking 36, 37 {fig. 4).

The rudder trunk 20 is provided with a central inner longitudinal
bore 25 for receiving the rudder post 40 for the rudder blade 30
and is configured reaching into the rudder blade 40 connected
with the rudder post end, whereby at least one bearing 70 is
placed in the inner longitudinal bore 25 for bearing the rudder
post, this bearing reaching with its free end 40a into a recess,
taper or the like into the rudder blade 30, whereby the rudder
post 40 is guided in its end area 40a with a section 40b from the
rudder trunk 20 and which is connected with the end of this
section 40b with the rudder blade, whereby the connection of
the rudder post 40 with the rudder blade 30 is situated above
the propeller spindle middle PM. The inner bearing 70 for the
bearing of the rudder post 40 is placed in the rudder trunk in the
end area of the rudder trunk 20 (fig. 4).




wi th the rudder post end, whereby at | east one bearing
70 is placed in the inner |ongitudinal bore 25 for
bearing the rudder post, this bearing reaching with
its free end 40a into a recess, taper or the like
into the rudder bl ade 30, whereby the rudder post 40
is guided inits end area 40a with a section 40b from
the rudder trunk 20 and which is connected with the
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winding system.

For the fixing of the central post section 45 of the rudder post
40, different construction configurations can be provided. As the
embodiment according to fig. 5 shows, the opposite front sides
of both end sections 41, 42 have peg-shaped sections 51, 52
which are preferably with an outer wall structure 51a, 52a in
order to guarantee the the grip and the hold of the central post
section 45 made of carbon fibres. Preferably, the carbon fibres
or the carbon fibre composite material are fixed according to the
filament winding system on the pegs 51, 52 of the end sections
41, 42, whereby the windings extend across the periphery of
both pegs 51, 52 and over the whole length of the central post
section 45.The carbon fibres are sheathed or cast with a cast
resin for increasing the strength.




a carbon content situated under 0,8 % Advantageously,
the rudder post 40 is produced according to the known
filament w nding system For the fixing of the
central post section 45 of the rudder post 40,

di fferent construction configurations can be provided.
As the enbodinent according to fig. 5 shows, the
opposite front sides of both end sections 41, 42 have
peg- shaped sections 51, 52 which are preferably with
an outer wall structure 5l1a, 52a in order to
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For the embodiment shown in fig. 2 and 3, the rudder trunk 20
is made of a fibre composite material 100 and is inserted into a
nautical outer trunk tube 80 made of steel or of another
appropriate material prepared by the shipyard, reaching into the
lower edge 11a of the head box 11 and inserted into the rudder
blade, whereby, after alignment of the rudder trunk 20 in the
nautical trunk tube 90 the intermediate space formed between
both components 20, 90 is cast with a cast resin, or both
components 20, 90 are bonded together.

Due to the fact that the rudder trunk 20 is connected with the
trunk tube 90 because of the bonding or the use of cast resins,
a firm compound is obtained between both components so that
thin-walled materials can be used for the tube-type rudder trunk
and the trunk tube which moreover results in a saving of weight




rei nforcenents 80 are configured on the rudder post 40
preferably on the end section 42 of the rudder post 40
in the area of the inner bearing 70 provided on the
rudder trunk 20 (fig. 4). For the enbodi nent shown in
fig. 2 and 3, the rudder trunk 20 is nade of a fibre
conposite material 100 and is inserted into a

nautical outer trunk tube 90 nmade of steel or of
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head cgﬁnectlon is created between the nautical trunk tube 80 and
the rudder trunk 20 (fig. 3). The rudder post 40 is then inserted
into the system configured in this manner into the rudder trunk
20 and is supported in the rudder blade 30 and fixed at the
ends with the rudder blade. Detail solutions, for example
placing of tapered rings made of flexible materials, are possible
for the lower edge of the nautical trunk tube in order to reduce
here local tension concentrations in the trunk tube 20 made of

fibre composite material.

The fibre composite material for producing the rudder trunk 20
andfor of the rudder post 40 is a carbon fibre composite
material or of carbon fibres of an epoxy resin matrix or a glass
fibre composite material with polyester resin matrix.

The rudder post 40 as well as the rudder trunk 20 are produced
according to the filament winding system.




11. This nautical trunk tube 90 is inserted and fixed
in the rudder blade 30. The rudder trunk 20 nade of
the fibre conposite material is then aligned in the
nautical trunk tube 90. The internedi ate space
bet ween the nautical trunk twbe 90 and the rudder
trunk 20 is then cast for exanple with a cast resin 95
or both conponents are bonded together so that a firm
tion is c ween t he utic trunk tuhe
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fubréﬂ@$ﬂvubnm@enao§W|al with pol yester resin matrix.
The rudder post 40 as well as the rudder trunk 20 are
produced according to the filament w nding system 10
Fi br d Neomabs iargumantfaraan akanative vatarial suah Ao adise

compabhtboste! nateAue o Sheclyislghe 488 @R Defe fcﬁ%ﬁass
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reS|sta¢c ? i rrmess and, however result i n higher
production nngs advantages as to the costs.

With fibre composite materials, clear weight advantages are to
be achieved compared with wrought steel components.

The inserting of the rudder trunk 20 by a bonding method or
casting method into the nautical structure prepared by the
shipyard brings technological advantages such as better
alignment possibilities, suppression of welded connections and
welding delay.

iIf fibre composite materials with the properties of wrought iron
are used for the rudder trunk 20, a rudder trunk 20 configured in
such a manner can also be used without intercalating a trunk
tube 90 of steel.

Furthermore, the invention comprises a method for
manufacturing a rudder trunk 20 which receives the rudder post




material costs. However, the selection of materials
for the rudder trunk should take place only in
connection with the dinensioning of the rudder post
in order to achieve an adaptation of the structure
rigidity of both conponents ludder trunk and rudder
post. The main argunent for an alternative materi al
such as a fibre conposite material for the w ought
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trun a rudder trun co

20, ur
nannﬁ?wﬁ'éﬂd@ﬁ’ dda @éth}%lﬁﬁa@\bphddtoﬁtge sudderhlade 38. t r unk
tube 90 of steel. Furthernore, the invention conprises
a method for manufacturing a rudder trunk 20 which
recei ves the rudder post ri 40 and which is inserted
in a rudder blade 30 of the rudder for ships, whereby
a nautical outer trunk tube 90 of steel or of another
appropriate material is used and fixed in the rudder




bl ade 30, a rudder trunk 20 nmade of a fibre conposite

mat eri al

is then inserted into the nautical trunk

tube 90 and is aligned in the trunk tube 90, after

whi ch the internedi ate space between the rudder trunk
20 and the trunk tube 90 isitilled wwth a cast resin
95 or both conponents 20, 90 are bonded together. The

nauti cal

trunk tube 90 is preferably inserted by

reachii tofthe ower edge 11 a of the head box 11 of
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51 Peg 51a Surface structure 52 Peg 52a Surface
structure 60 Carbon fibre windings 70 |Inner bearing
13 71 Quter bearing 80 Material reinforcenents 90
Trunk tube 95 Cast resin 100 Fibre conposite nateri al
PM Propell er shaft centre 1413Clains 1. Rudder for
shi ps made of a rudder blade (30) with a rudder post
(40) held and supported in a rudder trunk (20),

char eri ggln t.hat the rudder trunk (20) is nade of
a f| éﬂ @ Rt eri al (100) and is inserted into
a nautlcal outer trunk tube (90) nade of steel or of
anot a i af. rial prepared by the

shi pya d,qﬁé§§ﬁ¥ﬁéﬁﬁﬁ$%%?ﬂ§ | oner edge (1l1la) of the
head box (11) and inserted in the rudder blade (30),
mher F @%lgnnent of the rudder trunk (20) in
t he nautlcal runk tube (90) the internedi ate space

f or me%P bet@Gastrrebipt h conponents (20, 90) is cast with
a cast resin (95) or both conmponents (20, 90) are

bonded toget her. )
100 ibre composite material

PM  Propeller shatft centre




2. Rudder according to claim1, characterized in that
the rudder post (40) is made of a fibre conposite
material (100). 3. Rudder according to any of the
claims 1 or 2, characterized in that the fibre
conposite material (100) is & carbon fibre conposite
material or is nade of carbon fibres with an epoxy
resin matri x. 4. Rudder according to any of the clains
1 or 2, characterized in at the fibre conposite
material is a glass fibre site mterial with
polyester resin matrix. 5. Rudder according to any of

F LB EEEE BPsE RS ot & rlegerBie T Wit Sopddppost ™
rranuf(éﬁ) heldarat suppbrtey! inaa tudder ittuakeg20),wi ndi ng et hod.

R ng to claiml1, characterized in that
%g‘dée?taﬁf&g m(40) has end sections (41, 42) nade of

a nd ah’éleaﬂuldlder trank(2Q) is madpaoftd fiMeacorpositeo mglberial
et a1 P07 afd 56 MsbRed H87H 1RGO BUREHG, fyq Jndte
(41, of2steel or Rofd aspther capprioptate mataiiat prepared by the
5[]333?“"?’ r&efbﬂ%ﬁﬁéﬂﬁltﬁecﬁérlelﬂep%ﬂges(aﬁtd)CB? thé e pbRe
and lnserted in the rudder blade (30), whereby, after
alignment of the rudder trunk (20) in the nautical trunk tube (90)
the intermediate space formed between both components (20,
90) is cast with a cast resin (95) or both components (20, 90)
are bonded together.

2. Rudder according to claim 1,
characterized in
that the rudder post (40} is made of a fibre composite material
(100).

3. Rudder according to any of the claims 1 or 2,
characterized in
that the fibre composite material (100) is a carbon fibre
composite material or is made of carbon fibres with an epoxy
resin matrix.

4. Rudder according to any of the claims 1 or 2,
characterized in
that the fibre composite material is a glass fibre composite
material with polyester resin matrix.

5. Rudder according to any of the preceding claims 1 to 4,
characterized in




of a non netallic material is nmade of a carbon fibre
conposite material or of carbon fibres, preferably of
graphite fibres. 8. Rudder according to any of the
preceding clains 6 and 7, characterized in that both
end sections (41, 42) of thasrudder post (40) nade of
wrought iron have, on their front sides turned to each
ot her, neck-type reduced peg-shaped sections (51,

52), .t he peripheral urfaces of which are provided
wi t h1R¢r Ué‘f({ﬁresoo@glﬁfo%ﬂbd?@s thgqTeddee teunk a6 rage
the eeaufatiuses hoesrd(rghtd tﬁadwarﬂénmmﬂ?zn{dtr%cﬁs whi ch
surround the peg-shaped sections (51, ) as w ndi ngs

(60), whereby the carbon fibres are sheat hed and
| i BedRuddeh agcomiing teedlaimiin t he whol e wi ndi ng area

ext engdi r,.the length of the central section

(45) Eﬂgwﬁamaccordi ng to any of the preceding

cl ai tisatetheorudider pbat (0)ehasz eddisectibns (4 hed2 piriadeodf & he
| eng Cl 41, 42 nd _of _ the

cont 1o Hpetele Rl T raehad qrhfeghiiroR a0t Besniral
1/ 6 tosbksction (456 made ofl@ nBoduetallic ouatdrialgcomneotyd of
t he gk [ i tp9, characterized in that

t he r%@g@rg %s%%ﬁ’@ (%g’s&r?hteri al reinforcenents in
the area of the bearings (70, 71) placed in the

I ugc ﬁ“f‘(‘)’%"'@%ﬁm'fégc'a“q)' 11. Rudder according to

claim10, characterized in that the materi al
r ei ntHptaAskeNAes! iD80) are provided in the area of

the central post section (45) of the rudder post (40} consisting
of a non metallic material is made of a carbon fibre composite
material or of carbon fibres, preferably of graphite fibres.

8. Rudder according to any of the preceding claims 6 and 7,

characterized in

that both end sections (41, 42) of the rudder post (40) made of
wrought iron have, on their front sides turned to each other,
neck-type reduced peg-shaped sections (51, 52), the peripheral
surfaces of which are provided with structures (51a, 52a) as
adhesive surfaces for the central section (45) made of carbon
fibres which surround the peg-shaped sections (51, 52) as
windings (60), whereby the carbon fibres are sheathed and
lined with a cast resin in the whole winding area extending over
the length of the central section (45).

9. Rudder according to any of the preceding claims 6 to 8,
characterized in
that the ratio of the length of the end sections (41, 42) and of
the central post section (45) of the rudder post (40) is 1/6 to 2/3
to 1/6.



the rudder trunk bearing end (20b). 12. Rudder post
according to claim10 or 11, characterized in that
the material reinforcenents (80) are configured in the
area of the inner bearing (70) provided on the rudder
trunk bearing (20). 13. Rudder according to any of
the preceding clains 1 to 12, characterized in that
the rudder trunk (20) as a projecting support is

i i th tral I tudi nal b 25
P oftf R e ies0rdtad & Bhier M etecedbi HBImS hlo Brdder
bl ad&;t{asé)dteﬁz@tj irs configured reaching into the rudder
bl ad ted wth th
ohor dnsCHe FRABE° bRst QY nas Rk veifaRbmans indne

i nnerarbarmgltlheubeaahgboi'& (1) Placdd irhther udder trunkileatiag)
for II ng the rudder post (40), bearing which

penet es wth its free end (40a) in a recess, taper
or the like (31) into the rudder blade (30), mhereby

Ri%%[ J cts inits end area (40a)
vvlhﬁw segta%gé;ctlél%g%c%hﬁ1f the rudder trunk (20) and
is wﬂrﬁﬁembd/\mh the end of this section (40b) with

L B e B IS 8

pr ef élngqu@tmmtwrmww (ZQb propel l er shaft centre
(PM and whereby the inner bearing (70) for the 17
beari ng of the rudder post (40) is placed in the

r Ul EFuddey pest aegording tprﬁalghaoaréa of the rudder trunk

(20) chépactéﬁ}_ég)m for manufacturi ng a rudder trunk (20)
eives  the rudder post which is

re and
pl acgaat lﬁednmﬂ@grelafog@%m@g (80) are com‘" igured in the area
of the inner bearing (70) provided on the rudder trunk bearing

(20).

13. Rudder according to any of the preceding claims 1 to 12,

characterized in

that the rudder trunk (20} as a projecting support is provided
with a central inner longitudinal bore (25) for receiving the
rudder post (40) for the rudder blade (30) and is configured
reaching into the rudder blade (30) connected with the rudder
post end, whereby at least one bearing (70) is placed in the
inner longitudinal bore (25) of the rudder trunk (20) for bearing
the rudder post (40}, bearing which penetrates with its free end
(40a) in a recess, taper or the like (31) into the rudder blade
(30), whereby the rudder post (40) projects in its end area (40a)
with a section (40b) out of the rudder trunk (20) and is
connected with the end of this section (40b) with the rudder
blade (30), whereby the connection of the rudder post (40) with
the rudder blade (30) is preferably situated above the propeller
shaft centre (PM) and whereby the inner bearing (70) for the




of the rudder for ships, characterized in that a
nautical outer trunk tube (90) of steel or of another
appropriate material is used and fixed in the rudder
bl ade (30), a rudder trunk (20) made of a fibre
conposite material is then imserted into the nautica
trunk tube (90) and is aligned in the trunk tube
(90), after which the internediate space bet ween t he

rudder trunk, (20 nd the un t ube is filled
W ¢ Bealnd o theahindpomse (4b] scriaced i tachelsir trunk )
ar e hiarthe@ndagehifthe ruddder MRINRQ QO?CCOVdI ng to claim
14, characterized in that the nautical trunk tube (90)

is inserted reaching to the | ower edge (1l1la) of the
heddl. Methadligr méantfezturirdder ruddedern(rd0)20) which receives

the rudder post (40) and which is placed in a rudder blade (30)
of the rudder for ships,

characterized in

that a nautical outer trunk tube (90) of steel or of another
appropriate material is used and fixed in the rudder blade (30),
a rudder trunk (20) made of a fibre composite material is then
inserted into the nautical trunk tube (90) and is aligned in the
trunk tube (90), after which the intermediate space between the
rudder trunk (20) and the trunk tube (90) is filled with a cast
resin (95), or both components (20, 90) are bonded together.

15. Method according to claim 14,
characterized in
that the nautical trunk tube (90} is inserted reaching to the lower
edge (11a) of the head box (11) of the rudder blade (30).




