-1- COWPCOSI TE DRI VE SHAFT BACKGROUND OF THE | NVENTI ON The function of a
drive shaft is to convey torque froma power source to a neans for
converting this energy into useful work. O ten such requires the use of
connection joints. In the case of marine application, the function of a
drive shaft is to convey torque from-ah-engine via a gearbox to a propeller
or water jet unit. The connection between a gear box and conposite drive

shaft, or between a conposi (COMPOSITEORIVE SPEAFEr. as well as the bearing
and couplings are critical and have been the focus of inportant research

and devel opnment. Traditionally shafts have been nmade of a solid or hollow
nmetal material however corﬂosi te drive shafts provide the benefits of being

of a |i gBACKERMUNDOF FHE INVENIIONon which is easy to manufacture. The
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° 1o 10) "entirely composite shaft for the transmission of torque between a prime mover and a
propulsion device is that the shaft does need to be coupled to other components.
Traditional metal shafts have used couplings including flanges which can bolt to
like flanges and wherein bolts normally extend in a direction parallel with the shaft
direction. Whilst composite materials can provide good torque transmission,
bending and tensile strength, they can be of a very brittle nature, especially when
subjected to the complex loading at bolted flange joints. Whilst methods are
available to ameliorate the stress that arises in a full composite flange and planar
assemblies, these significantly add to the cost complexity of manufacture and
maintenance. Accordingly it is desirable to incorporate a metal flange into a
composite shaft assembly.

Several types of joints are known for applications combining metal
components with composite components. They include, mechanical joints, adhesive
bonded or both mechanically joined and adhesive bonded. Mechanical joints are
created with direct touch of a composite shaft by fastening the substrates with bolts
or rivets (see for example Figure 3 to 5). Bonded joints use an adhesive interlayer

between the composite shafts and joints (see for example Figures 6 to 10).



-2- Mechanical joints show the advantages of being easily disassenbled for
i nspection and repair, less affected by service environnents and | ess
contact area required although it has higher stress concentration. The
adhesi ve bonded joints can distribute the |oad over |arger areas than
mechani cal joints, require no holes, addl- very little weight to the
structure and have superior fatigue resistance, however they require

car ef ul r f LI : k:nes in
ot 11 ment ApcIRERc ISR oW The qdPAIEEENGELERE SRk i BRGANIERTRE SRARE. 0
connect i epdnRipaiddedsoaffectedi Big servie® RnoRbARCHR! 8id déssSO@ithct ereattcdjuiredd
menber. R N "Salzman (US patent nunber 4722717 and 4834932) invented a
met hod f althoaghniy bas dugherostmesst comcamftrationnpoBhie edbhsife sbomdeslutjoimts icas and
aer ospace, vehi cl es which accommpbdates differences.in stiffness, thernal
expansi orfligHutnthe toad oves;larges serethapemeehanicaljoints afpguingen add

EEES?EBTFV&%Q B el 306 Sefichur 54 R pineBior SR Bifsander JORvelini ng
the shatt, gﬁﬁ’? I‘cﬁgﬁfﬁp&ﬂ‘f% @r‘épﬁ&tf&ﬁ & Q&i&ﬁgdsaén&m ?Eﬁoﬂgéﬁc} Hn% fesahe
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the Shr;% and the connection to be produced as separate parts which are formed

when final assembly is to occur. The connection has a male insert, which is inserted
into the end of the composite shaft. Axial and circumferential grooves are cut in the
surfaces of the male insert and the shaft. These grooves are aligned to form
circumferential and axial keyways which intersect each other. Stanwood (US patent
number 4289557, 4279275) describes a method for joining composite shaft, wherein
the joint is capable of withstanding a large range of temperatures and humidity and
can handle high torque and has high resistance to fatigue. The design of parallel
grooves on the end of a metallic sleeve concentrically aligned within the shaft is
amenable to mass production.

Derek N. Yates etc. (US patent no. 4187135) believed the direct bonding or
welding of a resin shaft to metal did not create a sufficiently strong and durable
connection on a consistent and reliable basis and that the use of metallic connector
sleeves mounted at the ends of the shaft would provide a means for accomplishing a
secure welded connection similar to that utilised with conventional metallic shafts.

He therefore patented a tubular fibre reinforced composite shaft, which integrally



He therefore patented a tubular fibre reinforced conposite shaft, which
integrally -3- incorporated a netal sleeve or connection at the end thereof.
Initially a metal sleeve having circunferentially spaced recesses on the
outer periphery is positioned upon a segnent of a mandrel. Fibrous

mat eri al s bearing non-solidified resinols materials are applied around the
mandrel and around the recesses in the sleeve. Portions of the previously
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portion of the shaf has a constant section which mates wth a tapering

secti on amsh-telidifiedt esiriousamaterivlé aare lieglmed Ithe pieaimisty fedofibamis ng
with the golf club head. Gordon Peter U S. Patent No. 4089190) invented a
li ght wei giateriabal dhediesinous haattestalsamrt@emsphélﬁealnw forion at fubnlataeqeposite

characteristic nd capabl e of operating at hi eeds . wi t hout
si gni fi cashaftmvzlsm I rSHoBHT %éilFtlltﬁe‘Eﬁ%’FPan iscmads uith 1468 plesypsangk

rotation. § site of a plurality of |ayers of carbon
fibres i nhg%%licﬂgglsrsg@?iqtﬁgﬁy eﬁ%&el n the fi Er es ar eydl sposgd
circunferentialfy &gﬁiﬁﬂt'a‘fﬂl hdlica® Rt ¢d cﬁBﬁ'lQ%é d’%lsed"‘)éh ﬁfm%hﬁeéﬁkaft

Most of the pri or p Ications as hereln descr ave the |sa vant age of
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present invention to provide a conposite drive shaft including a netallic
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| east provide the public with a useful chaice. is a further object of the
present iWvaneiconstapt-fansticeastant shafenibn pueh aashaft the grip portion of the shaft

has a constant section which mates with a tapering section and terminates in a
constant but smaller diameter section mating with the golf club head. Gordon Peter
(U.S. Patent No. 4089190) invented a lightweight tubular drive shafts having noise
and vibration dampening characteristics, and capable of operating at high speeds
without significant misalignment between their geometric axes and their axes of
rotation. The shaft ends are a composite of a plurality of layers of carbon fibres in a
solid resin matrix wherein the fibres are disposed circumferentially and helically
about the longitudinal axis of the shaft.

Most of the prior publications as herein described have the disadvantage of
being complex to manufacture or assemble.

Accordingly it is an object of the present invention to provide a composite
drive shaft including a metallic coupling element which overcomes the above
disadvantages or which will at least provide the public with a useful choice.

It is a further object of the present invention to provide an assembly of a
composite drive shaft and a metallic coupling component which overcomes the

above disadvantages or which will at least provide the public with a useful choice.



conposite drive shaft and a netallic coupling conponent which overcones the
above di sadvantages or which will at |east provide the public with a useful
choice. -4- BRI EF DESCRI PTI ON OF THE | NVENTI ON Accordingly in a first aspect
the present invention consists in a conposite drive shaft assenbly
conprising a. an elongate shaft of a fider reinforced plastics material and
including at at least a first distal end thereof a connection region of a
hol | ow section wherein a surface selected fromone or both of the exterior
surface and interior surface of said connection region is tapered with a
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or input rotation via said drive shaft. Preferably said hollow section is a
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i.  alongitudinally extending shank coaxial with said elongate shaft,

said shank including an annular slot provided therein, said
annular slot extending in the longitudinal direction presenting
radially inward and radially outward facing mating surfaces with
which said corresponding exterior and interior surfaces of said
connection region of said elongate shaft are adhered in a mating
relationship,
ii. means to couple for engagement of said drive shaft with a means
to derive or input rotation via said drive shaft.
Preferably said hollow section is a pipe section.
Preferably said elongate shaft is a pipe section and said connection region
defined at at least one end of said elongate shaft.
Preferably said elongate shank is of a pipe section.
Preferably said connection region of said elongate shaft is provided with a
said taper to both its exterior and interior surface.
Preferably said taper is of a kind to reduce the thickness of the elongate shaft
at its first distal end from its thickness away from its first distal end.
Preferably said elongate shaft is substantially of a tubular cross section save

for the at least one connection region.



Preferably said elongate shaft is substantially of a tubular cross section
save for the at |east one connection region. -5- Preferably said annul ar
slot is disposed into said elongate shank fromsaid first end thereof and
wherein said neans to couple is disposed fromsaid el ongate shank away from
said first end of said elongate shank.-FPreferably said neans to couple is a
nmeans to transfer torque to of fromsaid elongate shaft via said shank.
Preferably saipdefds) 13 idi ; TEY n at its
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el ongateSgﬂdf@WaPrf@I@ﬁ&llﬁllf@rSEQﬁl(boﬁ‘é%ld@thgaé@EhﬂIé(-i s a region for engagenent
by a rotati onz; tr nsrriqssi on ggrgrrber. .Preferably sapd annul ar 1iséot i S

defi ned bet weereferablyisald means i roinlg ds ﬁéneaé’ﬁrtf’é{?é‘stﬁ‘ tQIYeHOP BPmssaldy e of

sai d coupk | . @adihal ly inward facing surface of an exterior
B8Rt S

sl eeve o nenber. Preferably said interior and exterior

sl eeves are afp I '« di€SH g away
fromsaid fir Sl{rb%ﬁ%bl%r%gﬁggn?ag%gﬁ ggg%ﬁssgﬁ%sggnﬁmﬁigfgﬁa%?gg ggg%?? Ssai d
interior didial énd ewapfrodh esiddirspeml engddetonpatdsieakh other at | east at
concentric engagi ng surfaces. Preferably said interior and exterior sleeves
are indexed t dyefemably saidfmcans yot eaupletiera qouphdgeilargs eoasiabewish said

i ndexed t?gether jth at | east one |ongitudinally extending indexing pin
ext endi n§9HEa(¢ gha ngi tudi nal cross section across the interface between

The i nterior  dnner v SRl LE SEhoR KT BiBh s R PR

elongate shaft.

Preferably said means to couple is a region for engagement by a rotational
transmission member.

Preferably said annular slot is defined between a radially outward facing
surface of an interior sleeve of said coupling member and radially inward facing
surface of an exterior sleeve of said coupling member.

Preferably said interior and exterior sleeves are affixed to each other at a
region of said elongate shank away from said first end thereof and beyond said
annular slot.

Preferably said interior and exterior sleeves are engaged with each other at
least at concentric engaging surfaces.

Preferably said interior and exterior sleeves are indexed together.

Preferably the interior and exterior sleeves are indexed together with at least
one longitudinally extending indexing pin extending in its longitudinal cross section
across the interface between said engaging surfaces of said interior and exterior
sleeves.

Preferably the interior and exterior sleeves are indexed together with at least
one longitudinal index pin extending radially to elongate shank and across the

interface between said engaging surfaces of said interior and exterior sleeves.



one longitudinal index pin extending radially to el ongate shank and across
the interface between said engaging surfaces of said interior and exterior
sl eeves. -6- Preferably the interior and exterior sleeves are indexed
together with at | east one longitudinal index pin extending radially to

el ongate shank and across the interface-between said engagi ng surfaces of
said exterior sleeve with the exterior surface of said engagi ng region of

sai d el ongat e Frbffrablgritle antefids ahd @xtetRIsi@ses aReinR]ed tbgetBogMahng 1eaktf aces
of said interior sleeve with the interior surface of said engaging region

of sai d enenbpmgeudina tindex gfinrexsendiag cradedlya tih eddongate eshiank aatide acrosk ythengages
sai d mati,n&gsurfaces of ., said ¢onnection fegion of sajd elongate shaft and
sai d el orgEriacehetween said engaghe surfaess ohsdid adener slegraigh the sxtesios in a

t hod of fact.yri it haf I ich i :
ol ongat o REY o Sal; et PR O sBCelonBaR o il EtaT Bt BBIRERR L ot
| ; . . ¢ g . i
whor ei n Saged £ Sngflle RS, of RTIREALE Sk o The Anilrlol BERECHCS
interior @mémi@%r@bﬁiofggﬂ@@ﬁg@@sﬁﬂﬂi on is tapered with a direction of
taper to present the normal to said surface(s) of said taper in a direction
towards sai d fPrefdrabliyst eliredradhbsive resinaldhesgivelyndngaged sadneatalg swrfacdseofi al |

sai d coupling nenber includi n(g i. al oggi tudi nal | y extendi ng shank coaxi al
with sai daid eerpactiongpgion ofsaidiclongar shakilandisayl elangatgshank.si ot provi ded

herel . 0L dpennl at g Sl ext a0 L he Leno udigel direciion and
reens O gL Sy TR APk B, (alaPhEbafgyiguahn 19 nd cleenino
sai d el ongat e ghaf taf gopgAdutaft 6NYFRRARLRISEE] 3Atics material and including
at at least a first distal end thereof a connection region of a hollow section wherein a
surface selected from one or both of the exterior surface and interior surface of said
connection region is tapered with a direction of taper to present the normal to said
surface(s) of said taper in a direction towards said first distal end
b. a coupling member of a metallic material, said coupling member
including
1. a longitudinally extending shank coaxial with said elongate
shaft, said shank including an annular slot provided therein,
said annular slot extending in the longitudinal direction and
presenting radially inward and radially outward facing mating
surfaces,
i. means to couple,
said method including
(a) surface roughening and cleaning of the interior and exterior mating
surfaces of the connection region of said elongate shaft to produce
engageable surfaces,
(b)  application of adhesive to said mating surfaces of said connection

region of said elongate shaft and/or said radially inward and radially

outward facing mating surfaces of said annular slot,



(b) application of adhesive to said mating surfaces of said connection
region of said elongate shaft and/or said radially inward and radially
outward facing mating surfaces of said annular slot, -7- (c) assenbly by

|l ongitudinally sliding the said mating surfaces of said elongate shaft into
said annul ar slot of said coupling nenmbér by pushing hone of said
respective mating surfaces of said elongate shaft and said slot surfaces,

(d) allowi ng tbp cukséablf bgdofgradiasily slidiLhies 8bidy nfating S EAREN6MYaid
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are pre-formed such tha& sgi dfrrati ng surfaces conformw th each other.
Preferably said el _cﬂ’i‘éla?aé §lﬂ P Ser i or and exterior surfaces are machined
such that sai ctdyat|dmmsiﬁgfﬂg?gﬁreiggtgf%imamlggvgach other. Preferably said

coupl i ng nmenber” conpri se an internal and external sleeve
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away from said annular slot, said annular slot defined between non engagi ng

faci ng surfadtefahbbaisdidexbaghaiingnihciudesr atlleadt ethee blagtmgeiwitlaf ght @uri ng
of said adhesive resin, indexing pins are inserted extending between said
at | east grapulstasesaft mediapksaidtapesed surfargsxi ng pi ns are engaged

substantial ly perpendi cularly.to. e axis ar rotation of said resulting
shaft between g?f%agg'e%a\’/ §{eaé‘}”§f@F§@F§%§%§easmgdexi ng pins pass or penetrate
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conposite shaft assenbly extendi ng between a prinme nover of said vessel and
said propul siPrefembhs ssidi dlongagoshidfe istbrbt andsextbliyr sorfacdss aregmachined
such that said mating surfaces conform with each other.

Preferably said coupling member comprises at least an internal and external
sleeve concentrically and co-axially engaged at an annular interface at regions away
from said annular slot, said annular slot defined between non engaging facing
surfaces of said external and internal sleeve, wherein after curing of said adhesive
resin, indexing pins are inserted extending between said at least two sleeves.

Preferably said indexing pins are engaged substantially perpendicularly to
the axis or rotation of said resulting shaft between said sleeves.

Preferably said indexing pins pass or penetrate through said connection
region of said elongate shaft.

In a further aspect the present invention consists in a vessel of a kind which
utilises an internal combustion engine for the powering of a propulsion means, a
composite shaft assembly extending between a prime mover of said vessel and said
propulsion means said composite shaft assembly comprising

a. an elongate shaft of a fiber reinforced plastics material and including

at at least a first distal end thereof a connection region of a hollow section wherein a

surface selected from one or both of the exterior surface and interior surface of said



a. an elongate shaft of a fiber reinforced plastics material and including
at at least a first distal end thereof a connection region of a hollow
section wherein a surface selected fromone or both of the exterior surface
and interior surface of said -8- connection region is tapered with a
direction of taper to present the normli-to said surface(s) of said taper
in adirection towards said first distal end b. a coupling nenber of a
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reinforced plastics material and including at at |east a first Istal” end
thereof a connection regafth ainuwtarhaldtowxseclingninvthe eilenginglindlackrezeioact ed
fromone or both of the exterior surface and interior surface of said
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' prime mover or said propulsion device.

In a further aspect the present invention relates to a coupling member for an
elongate shaft of a fiber reinforced plastics material and including at at least a first
distal end thereof a connection region of a hollow section wherein a surface selected
from one or both of the exterior surface and interior surface of said connection
region is tapered with a direction of taper to present the normal to said surface(s) of
said taper in a direction towards said first distal end, said coupling member
comprising

1. a longitudinally extending shank including an annular slot
provided therein, said annular slot extending in the longitudinal
direction presenting radially inward and radially outward
facing mating surfaces with which said corresponding exterior
and interior surfaces of said connection region of said elongate
shaft are to become adhered in a mating relationship,

ii. means to couple for engagement of said drive shaft with a

means to derive or input rotation via said drive shaft

wherein said coupling member is of a metallic material.



ii. means to couple for engagenent of said drive shaft with a neans to
derive or input rotation via said drive shaft wherein said coupling nenber
is of a netallic material. -9- This invention nmay al so be said broadly to
consist in the parts, elenents and features referred to or indicated in the
specification of the application, indi-$idually or collectively, and any or
all conbinations of any two or nore of said parts, elenents or features,
and wher e speciThiCinvBhESE hfay IS0 BE 9416841986 Tonsiéhirtthe e
equivalents in the art to which this invenfion reﬂates, such known
equi val erfi¢aturearefetmeintedort mdieated o throspicificdtiones fithesapplication,vindisadhyllp et
forth. For the purposes of illustrating the invention, there is shown in
t he dr awPhg®llgctivelyy whdcany or gl sembinatignsept angdtwa torj mopeiafgsaid dearts; ood
however that this dinvention is not limted to the precjse ar&&ggfnents
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coupling and conposite drive t, Figures 5 describe ne nica pe
prior ariof]dlustrating thenpeshtien, trireris adlovandnnilealdtdwinggt £rfoahs whitlguges 6
to 9 describe adhesive type prior art joints of conposite materials and

met al | i c pnesently gireferedglirie betng wndergtood homtavee that ¢hisdhventomuis notdimiseghonent
wi thout the conposite shaft engaged therewith and wherein the coupling
conponento fhe precise jarrggemsnis s ides a spline-like coupling configuration
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view through an assembly of a composite drive shaft
and a metallic coupling,

Figure 2 is a perspective view of a metallic coupling and composite drive
shaft,

Figures 3 to 5 describe mechanical type prior art joints of composite
materials and metallic materials,

Figures 6 to 9 describe adhesive type prior art joints of composite materials
and metallic materials,

Figure 10 is a perspective view of a coupling component without the
composite shaft engaged therewith and wherein the coupling component is of a kind
which provides a spline-like coupling configuration for engagement to other
transmission components,

Figure 11 is a cross section of a composite shaft showing the hollow nature
and the taper, both internal and external of the shaft end to be coupled with the
metallic coupling to form the complete drive shaft, and

Figure 12 to 13 show further cross-sections of the assembled composite

shaft and metallic coupling with a variant register or index pin location,



metallic coupling to formthe conplete drive shaft, and Figure 12 to 13 show
further cross-sections of the assenbled conposite shaft and netallic
coupling with a variant register or index pin location, -10- perpendicul ar
to the axis of rotation through only the netallic coupling conponents (a)
and through the netallic components andOthe conposite shaft (b) for
increased torsion transfer. DETAILED DESCRI PTI ON OF THE | NVENTI ON A

conposi t pegffdndicidiedo thess@df yotakon fiRbugh aAB! theCRBllSE c@ﬁplﬁl%@@ﬁl?pnéﬁt@t ion 1
which is made froma conposite material such as an epoxy carbon fibre

conposi t éapand preyghithe engjhllicscampetsntsiand g osinpesive shaftrt{bh for trcredsedeof .
The present inver}li on may utilise such materials or materials which are
known t o WOISIRAARSIERe desirabl e characteristics for the provision of a
shaft. The shaft of the present invention is preferably utilised in the
transm ssion of a torque and any axial conpression and tension |oad between

a prine f eﬂmm i %WEPWI r exanple a propeller of a
shi p. Wm?élg@?l?%ﬁtso I gure ﬂ@%r esen |r$\§/lgnti on provides a conposite
shaft sectionAl wirgp\mé dHbvd shafeh@lehibly cou Ifd%gemgm@neéﬁsia- of he sABfal lic
coupling may include a flange 3. The fInge?S includes a plurality of

pr ef er ablsgcteoudl whichsisanede fipen tavcaspaesitef matediasisnelblas anceoxyucabonrfire al | ow
for bolts or pins or the |ike to extend therethrough or into, to allow for

the flangonmpaseFupnaxywfibre-glast orilaviameemposifeaayeombinatigiothercef flbe
conpos:  renaf nygudlm ey Aliisinsisd Sl or PiateiiRcRhicts o fhawh toy he

t ; ' | : tgenl i [5.0f
ot at | on ol USRIk RutaRB" Bl e or8ubi GERIshm, Tfie ShafOCRE | o oy
the bolt reérén%smv@moheis%e&w%%mé&ﬂ tE@shsthsSioh T LRAGHS aﬁy%&iaipaf t

axis 5. For exanple they may be bolted through at an angl'e to the shaft

axi s to aompression ahleensitredvad loetdieay agirirme maeseertandns peopuldson rdvivel echmay
al so be used. Whilst the nost common formof joining flanges together is by
bolts alasdonaxamplevepropeler ehaghipng a fastening or torque and/or | oad

transm ssion nRX’it%ereference to Figure 1 the present invention provides a composite shaft
section 1 engaged with a metallic coupling component 2. The metallic coupling
may include a flange 3. The flange 3 includes a plurality of preferably equally
spaced apertures 4 of a desirable configuration to allow for bolts or pins or the like
to extend therethrough or into, to allow for the flange 3 to couple with a
complimentary flange (not shown) of for example a means to or from which torque
will be transmitted via the composite shaft assembly. As can be seen with reference
to Figure 1, the aperture 4 extends substantially parallel to the centre line or axis of
rotation 5 of the assembly. However depending upon the topology of the joint the
bolt holes may be aligned or disaligned with the centre line or shaft axis 5. For
example they may be bolted through at an angle to the shaft axis to counteract the
shear loading of torque transfer. Blind holes may also be used.
Whilst the most common form of joining flanges together is by bolts
alternative means of ensuring a fastening or torque and/or load transmission may be
utilised. As an example the flange 3 or other coupling region of the coupling

component 2 joined to the composite shaft section 1 may have a machined or



utilised. As an exanple the flange 3 or other coupling region of the
coupling conponent 2 joined to the conposite shaft section 1 nay have a
machi ned or -11- manufactured mating profile to that of the conponent it is
to drive, such as, for exanple a spline drive (see Figure 10). The coupling
conponent 2 and at |east that portion-tihereof which provides the flange 3
is made froma netallic material such as a mld steel, tenpered steel

al umi ni URRarRif2tatedS fatin@proFile b Thhbf tHE hi'd 0 iehdgd | fogS an
annul ar shank section e]bv\fhl c% ext ends sugglﬁlgg?f;%trﬁy&ggfgﬁqf% SLt?c(l)l ?%eﬁghaft

axi s 5. Ehembiessplime diive{seetiiguol(pl i ng conponent 2 has a taper or chanfer
as shown in Figure 12 which relieves the stress placed upon the conposite
shaft and/or cdiisiGovpliogrgesaranent Aand atsleastithatdpertioni therend whikh prbuidesaxi s 5

is the rotaty onal, axis,of. the conposite shaft, and is_the axis about which
t he corrpg]%‘? nge Jris made fong a; e Hiaé?rulfzgrﬁ&lcht?él aild Siceh dampgred Tteel,

ot y AHVERT SaRleS 8 HFRiRr 158 GIlde ABmoReEE2 BRRReT AR Ol
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flange 3 presents a coupling surface 8 IS ca engagi ng agai nst

a surfacd of this coupingneothpsnent Qohy3l 4 tiperbrrobimdrtds shbivehint igue® MR aghitk shaft
assenbly is to engage. In the nost preferred formthe flange 3 and the
annul ar gelaevessihet stoesseplaced fupomethe gampasite ysha dnd/oexcanpling stoomponent Fi gur e
1. The anrﬁjl ar %ggrk ésIgfIion 6 has extending fromits free end 7 in an axi al
di r ect i or\VRERASY edand Wy USS. The annular siot is preferably a slot

ti b f haft. axis 5.. Alternatively th | gt be of
ot segnent s wier R BUNS s IrdropalBhtar e mbpE R 8ha ih fie 7Y 0% he

t ‘ _ ; . . . o
where’ ¢ SPGUEHINGH e tinpodic YRl BARhIN B 5 rotifol Haldbe thefeabRIt IHER' L3S
5) is greahflartshanki §ettiohdé NinCludet he fifeadéral 7 ghd dStdnpagtd® whethehafifecelyi s 5) .

Furthernore the slot 9 has at |east a single and preferably a double

t aper ed ammtatidy os bryfinternipdiatdawith the ftangebe wheelnis therprgéereed configuration
for coupling to other transmission components. The flange 3 presents a coupling
surface 8 which is capable of engaging against a surface of a complimentary
coupling member with which the composite shaft assembly is to engage. In the
most preferred form the flange 3 and the annular shank section 6 are formed
unitarily as for example shown in Figure 1.

The annular shank section 6 has extending from its free end 7 in an axial
direction, an annular slot 9. The annular slot is preferably a slot continuous about
the shaft axis 5.

Alternatively the annular slot may be of slot segments which extend
annularly about the shaft axis 5. However in the most preferred form the slot is
continuous. The slot is of a configuration where its depth (in the longitudinal
direction parallel with the shaft axis 5) is greater than its width (in the radial
direction to the shaft axis 5). Furthermore the slot 9 has at least a single and
preferably a double tapered annular surface boundary. As can be seen in Figure 1,
the exterior annular surface 20 has a slight taper to the longitudinal direction

parallel with the shaft axis 5. In addition, the interior annular surface 21 also has a

taper relative to the longitudinal direction parallel to the shaft axis 5. Each surface



the exterior annular surface 20 has a slight taper to the | ongitudinal
direction parallel with the shaft axis 5. In addition, the interior annul ar
surface 21 also has a taper relative to the |ongitudinal direction parallel
to the shaft axis 5. Each surface -12- 20 and 21 is preferably at an angle
to the longitudinal direction of betwe¢n-0.5 and 2 degrees. In the nost
preferred formthe angle is substantially 1 degrees to the | ongitudinal

directio R F?d%n . t s 21
and 20 o? og@g?afg?qrgfﬁﬁlg aﬁ%&%‘@?@ﬁ% lgﬁn% e oa%eg%ﬁggf t etéwg%lfg'rsf %ﬁgfi nner
surfaces dégread Bil tied nidie 1p‘rkafttrre‘al 6rén ithe QRBRS id SubtamedliyoNSdégetd o the

| ongitudinal direction. The end of the shaft section 1l7providing its

connect i dongitylinal dicectioanspagebtenteatd ah overalbiagle 2ebétwmenhe twal safiper ed
in a conplementary manner e taper is such that the normal N (see Figure

. .. Th
13) has alcenh3Redf sebstantiadbt 2odegreeswarlds angle efeash of theheutanand snneri on 1.
Accordingly.a c 0S| ) t gection 1 can be jnserted ipnto the slot by a
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taper of epggferRént WithSthelMafR séBtign® B1al8&itAekred iR ake&ﬂp&%&ﬁmgpnﬁhﬁ&f.de no
undercutting of the slot in the longitudinal” direction.”Wth réference to
Fi gure 1(The fapeeid suchhthan the aotmbl Ng(seorfigment 3 2haha dongdonegt iof slimstivhar
section 6 provides the slot 9 therein. The shaft section 1 includes at its
connect i dawandyi the antdi @hof tha shafeseptiga Wi Wecordinglyup comgositerplaafesection &
conpl i ment ary shape& ,taptj.lr eq vvgl I ection. such that i%s exterior silrface of
such wal Ica8c& INsRrte dalgeieiloh by Rereddii vy sliding Jnpyementobetyieen Hae Qoyplngand
the interjor surfgace t he end |l section.of.the shaft 1.. engages,wth
the | nnercoBpieh 2 ing RingPgie"SarSetios T il nb Jendnflibe GnEtEREr T8
section i rﬁgégy i ' [
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cor r espongpétgos WatRCES tif stifcessROtartl Qdcbeing dhe ki esi 4 t6 Abyide ael f may
be made from an epoxy or polyester or simlar resin based fibre reinforced

st r uct ur auslgrduttisg fofrthe stotphehatlphgitudigalcdiréasion.  Réith aefevencei tor kEigyred§,
K-glass or S-glass or simlar, or ané conbj nati on of these as the design
r equi r es.thqueelS 51084} § €0B fEMPONGREA Wikgh @ﬁ@ng 1t @anNieE sectaom Ot prevides

the slot 9 therein. The shaft section 1 includes at its connection region which is to
engage with the coupling component 2, a complimentary shaped tapered wall
section such that its exterior surface of such wall section engages with the exterior
surface 20 of the slot 9 and the interior surface of the end wall section of the shaft 1
engages with the inner surface 21 of the slot 9. During the assembly of the shaft
section 1 with the coupling component 2, adhesive bonding between the interior and
exterior wall surfaces of the shaft section 1 with the corresponding surfaces of the
slot 9 occurs. The composite shaft itself may be made from an epoxy or polyester
or similar resin based fibre reinforced structure such as for example utilising carbon,
Kevlar or fibre-glass, K-glass or S-glass or similar, or any combination of these as
the design requires. The adhesive bonding between the shaft section 1 and the
coupling component 2 may include the use of a similar resin material that is used in
forming the shaft section 1, to provide adhesive affixing. Dependent on the nature
of the torque to be transmitted via the composite shaft assembly of the present

invention will determine the minimum depth of the slot 9. With the increase in



coupling conmponent 2 may include the use of a simlar resin material that is
used in formng the shaft section 1, to provide adhesive affixing.

Dependent on the nature of the torque to be transmtted via the conposite
shaft assenbly of the present invention will determ ne the m nimum depth of
the slot 9. Wth the increase in - 13-%Beface area bondi ng between the shaft
section 1 and the coupling conponent 2, will thereby increase the torque
transm sgj RAVE ' hafit ok e khe
i amet er SoERTHOMIAY biEeh P AR SochioR L adP AR T ling OB WY w1

al so haveh@sby Mdremmemrqrmrmmwﬁhtsaﬁw%bmn@ Bbfplodite GRRAMstymBly. t he
conposite shaft assenbly. The taper of the shaft section 1 and the cgupl i ng

conponentfugtheapoteethei diemetarrofcthe\shdft diidehaxsdhblcprrefponding alimsier ef<thaf t
assenbly will include the steps of taking a pre-cured conposite shaft
section slafyitalsadaymee iflusncaonthe smaxisyny jorque slansmissiomeapaciyoif the

| t [ fil i ndi t i nat i f, t ' .and
Pave becAOBRSSHE TR AStHIYY o TiRalPEF Gt SRTE SHEEPH abidbd fpaoudlighd
confi gur %Qhﬁﬁmgﬁt Pé’ﬁﬂ?ﬁ%"c‘ﬁrvég‘ere such end configuration is not
u

pre-forne rrng i manufacturing step the shaft will need to be machined

to provide thqHeapRERbIEHT BeNédmpbsiid Shhft TR Wwidtihemdef thaditesd b t o
the end and/or to the interior of the slot is to occur prior to the end of
t he conpaakihg asprafdured contipogite shaft s¢vtionl bivhichunialylhave besnhnamghttupeddyto its
permanent relative axial di S|lol acenment with the coupling conponent 2 and as
a resul t su¢h ttechmauesngualf as ipultrasigyr Blansent fainedéng for tathers bptcomhinatiore of aper ed
surfaces of the shaft section 1. The slotf ., 9 is of depth which is
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section gfroVide thentdparedskend Onfidbstion/e ThwhppHcdtionced adihesiventootlidendavity

24 is then, via the punping action of the insertion of the shaft, driven
back up tand/crHafthetiotezios ofehe stotdedh occumpring tothe brd ofidhe canposie ahaftc
coupling slli?ilinr:g' into the slot 9 until it is brought home to its permanent relative axial
displacement with the coupling component 2 and as a result of the mating of the
tapered surfaces of the slot with the tapered surfaces of the shaft section 1. The slot
9 is of a depth which is sufficient to allow for the composite shaft section 1 to be
slidingly engaged thereinto to a condition where the tapered surfaces mate with each
other. As can be seen in Figure 1, the shaft is of a lesser depth than required and the
cavity 24 is created due to the tapered connection region of the composite shaft
section 1 being of lesser length than the tapered section of the annular slot 9.
Adhesive that is forced down into the cavity 24 is then, via the pumping
action of the insertion of the shaft, driven back up the shaft to ensure thorough
coating of the shaft and metallic coupling join.
With reference to Figure 1, it can be seen that the coupling component 2
may be made from two concentric components. Such components provide a split

plane through the slot 9. The external component 26 and the internal component 27

are separately fabricated components and are split along a split plane 28 which is



Wth reference to Figure 1, it can be seen that the coupling conponent 2
may be made fromtwo concentric conponents. Such conponents provide a split
pl ane through the slot 9. The external conponent 26 and the internal
conponent 27 are separately fabricated conponents and are split along a
split plane 28 which is -14- preferabl-y4ef a circular configuration and
extends cylindrically in the longitudinal direction paraIIeI to the shaft

axis 5. Tiefepsblp!dfg cﬁ@ﬁ&?%ﬁﬁgﬁrdtﬁm”ﬁﬁ?gﬁ@n&i cyggdlg ne%eforfgﬁ %127 for

ease and accuracy of manufact Thi s deep S o be
nmanuf act whrdtioh Iparaled tovthsHafeaxis 5t i ci ent tol erance required. In order to
ensure that the internal and external sleeves remain in rotational register
wi th each otherl er@glpémgrcompanmtazumglqﬁenm @Rtherte opsleanied 6. anth27 flomeas29

extend bet ween the | terf ce of ,E_E terlor acﬂqeext erior sleeves 27 and 26.
The regi¥@ACHIHY 9 H@GH cluseh e B@taé vt forile deeprslel 9 4o ey manpiaciiigd2 7
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by the engagenment of the exterior sleeve Interior eeve 27 in

the full yegitampithceachnsthet, oregivnet ot oleRBRY piise39 A€ ppbvidadSi "me Rn$ 299l y
and preferably tightly receive the register pins 29. The register pins 29

may be ofexters] betwdeincther imtgrifacesof Heninteridreand extefriar | sfedves 271 and i 26. o Tthee
apertures formed, or may involve a taper. The pins may be_ affixed by such
f or cef ul regwg%tgelﬁé '3 &ﬁupl@r ﬂl@ye&tﬁb%@énmt%qu s&pﬁ‘geslj%é gdadhdepeiber @nd

wel di ng The i.ster

F et on wiBFUE A SRR AN BigifEpits 29 FRBTE sRb sl 2odfon 1
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the conposing arsoddgedafitd perfureS\Esidicdl Bgthe éli@rgenicad of the @;ttenbhgleeeérmm te
shaft sectlon 1 is not affected by the conflguratlon of the register pins

29 bei ng withithsaderior slbeved 27 imtheafsllylassembledtdoadimmoambsuchrapeduaed agsof The
pins 29 provide register between the interjior sleeve 27 and exterior sleeve
26 at a ragezeto smglvra@ddngfﬂrabig tighdlyergceive thewrrgister pmsdShpbhe registenpins

section 12§ mayq%geagt3 a size wh1ch requires them to be forcefully inserted into the apertures
formed, or may involve a taper. The pins may be affixed by such forceful
engagement and/or by subsequent affixing using adhesives or welding or the like.
The register pins 29 are preferably provided in a region where they do not
make contact with the composite shaft section 1. Indeed the pins preferably do not
extend radially through the flange portion 6 of the coupling 2 which would result in
them extending through the composite shaft section 1. Accordingly the integrity of
the composite shaft section 1 is not affected by the configuration of the register pins
29 being utilised in the format as shown in the accompanying drawings. The pins
29 provide register between the interior sleeve 27 and exterior sleeve 26 at a region
of the coupling 2 away from where the composite shaft section 1 is engaged with
the coupling 2.
A variant location of the register pins is shown in Figure 12 and 13, where
the register pins 37 are substantially perpendicular to the rotational axis of the shaft.
They may be clear of the composite shaft in Figure 12 or may engage the composite

shaft section in Figure 13. Such locations will aid the transfer of torque between the



the coupling 2. A variant |location of the register pins is showm in Figure
12 and 13, where the register pins 37 are substantially perpendicular to
the rotational axis of the shaft. They may be clear of the conposite shaft
in Figure 12 or may engage the conposite shaft section in Figure 13. Such

| ocations will aid the transfer of tordfie between the - 15 netallic coupling
conponents and the shaft (see Figure 13) but may affect the integrity or

strength tameega%gg l\esn%ﬁenﬁsm}ﬂgel ish§ﬂgocgé9 ftigﬁrea@@f%uvqnagéﬁmge%ggker face

of the shaft an I ¢ coupling rany reason then t I ment

of Fi gur éntkgrith@r tstengfle of ahe taihgsiee nondst iHowbeermehotl thedadiesive Paper

| ocation as shown in Figure 13 may serve as a tell-tale of such a failure
or ot her intesfage oé the shaft andmetaldicoupling daid fonany reason dben tithemheodiomdyity of
t he conposj t.e driye shaft_involves the steps or, surface repay ati,on,
adhesi ve (’ip#ﬁgp@aﬂ She tEnsfrtytorge B Hyl Drunainiaibed i Suehl pin keationas 36
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bl asted Q}Fth@kﬁmﬁ?ﬁgﬁﬁ%{iﬁﬁjﬁc@r grit material to produce an engageabl e

surface. The netal ange i s assenbled of two or nore parts to provide

the required camid isSembdlof thRt Eorfipssitd deive shiafit ol theasidpsiradurfaee
coupling are then degreased. The adhesive is then applied to the mating

sur f aces mreparatioshadhesivedipplicatien,rassehblycanboptingig Marergpecidivallg thednmdre
shaft section 1 is then located intg the netallic cou Iirzg cavity 9. The
conposi t S6saad tower 85 gmating surfaegs i sthednaelaed rort preshapad gompesiss shel
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reinforced plastics material and including
mating surfaces of the shaft and metallic coupling are then degreased. The adhesive
is then applied to the mating surfaces of the shaft and/or the metallic coupling
component 2 and the shaft section 1 is then located into the metallic coupling cavity
9. The composite shaft section 1 is then pushed home in the cavity and excess
adhesive is removed, to produce the required design adhesive thickness for the
correct bond strength. Optionally register or indexing pins may be inserted at this

stage. The resulting assembly is then cured, either by heat application, air drying or

other specified means.



at at least a first distal end thereof a connection region of a hollow
section wherein a surface selected fromone or both of the exterior surface
and interior surface of said connection region is tapered with a direction
of taper to present the normal to said surface(s) of said taper in a
direction towards said first distal erdé-b. a coupling menber of a netallic
mat eri al engaged wth said elongate shaft at said connection region, said
coupl i NeLANRS" including i. a longitudinally extending shank coaxial with
said elongate shaft, said shank including an annul ar sl ot provided therein,
sai d anpul arA%bﬁ{pogﬁmei}mg)dﬁlasdﬁmb]gnmﬁpm’iﬁgl direction presenting
radially inward and radially outward facing mating surfaces with which said
correspondi ng extaw élomgatel shafteofi @ fibes veirforedgblasticsl materiet andnncleding of
said elongate shaft are adhered in a mating relationship, said radially

out war datfaddéastja first: distpl emdf thereofreeonnagtion ragionneta hellosy sesttomwhesein a

o oxt SirGre PRt Bom ang Gl hReHion itk T MHaTiok StiCs Blgad.
2" e artomgC R Fegion 1S Takret el o dfietiin BEGRE S brient the gozmat 1S, 1"
annul arsuﬁta%%@?%?%%ﬂlztabg{ §|1 ﬁadifkcgi%?l%“fai'm dffir[sts&itswg:ﬁltd"er eof and wherein

said nea cou spose rom sal d el ongate ank away from said

first end ofy sai d; gh ERRK of WPirétdInE thiefiaPeAgfXd e with salPelsipabe! N
affixed to each other at a region of said el ongate shank away fromsaid

first eddftdiearbéomiedtionaegivh,saidicauplidgmenbar inblndig | east one i ndexi ng
pin extending parallel to the longitudinal direction and in a |ongitudinal
cross section thdreof, aclangtidinally rex¢ending eshanke coaxiel beithesaids glangatgyagi ng
surfaces of said interior_and. egg?eri or sl.eeves, to aIS ow a t.r aa’{s]f er of

t or qge 3ﬁt ween said sl Ms sgid shank éFCIPéHQ aBn@’Bﬂﬁ‘,’ provide @’Fé‘?lﬁ, a
Connection region of <Sha dimat 18R PeRecdh s SHIAERERE, SRbion

presenting radially inward and radially outward facing mating

surfaces with which said corresponding exterior and interior
surfaces of said connection region of said elongate shaft are
adhered in a mating relationship, said radially outward facing
mating surfaces defined by an interior sleeve of said coupling
member and said radially inward facing mating surface defined
by an exterior sleeve of said coupling member fitted to and
about said interior sleeve,

. means to couple for engagement of said drive shaft with a

means to derive or input rotation via said drive shaft,
wherein said annular slot extends into said shank from a first end thereof and
wherein said means to couple is disposed from said elongate shank away from said
first end of said elongate shank, said interior and exterior sleeves being affixed to
each other at a region of said elongate shank away from said first end thereof and
beyond said annular slot, by at least one indexing pin extending parallel to the
longitudinal direction and in a longitudinal cross section thereof, extending across
the interface between said engaging surfaces of said interior and exterior sleeves, to

allow a transfer of torque between said sleeves by said at least one pin, and



2. A conposite drive shaft assenbly as clainmed in claim1l wherein said

hol |l ow section is a pipe section. 3. A conposite drive shaft assenbly as
claimed in claims 1 or 2 wherein said elongate shaft is a pipe section and
sai d connection region defined at at | east one end of said elongate shaft.
4. A conposite drive shaft assenbly aslZtained in any one of clains 1 to 3
wherein said connection region of said elongate shaft is provided with a

sai d taper eRGhh CheE 2RI 06 rasid é@%fﬁﬁ%&%ﬁ%@gaim@iﬁmg&&” ve

shaft assenbly as clainmed 1 n any one o sald taper is

of a ki guidcennéstimerdgion ofisaidelongate shagt fldsdtetondmé shaikits first distal
end fromits thickness away fromits first distal end. 6. A conposite drive

shaft a3senbAycemposité dedreishaftrssemblphs claimes in ¢laih 1 whereinrsaiditblkdwngat e
shaft is substantially of a tubular cross section save for the at |east one
connect $eshionagaqnpe seCOwonposite drive shaft assenbly as clained in any one

f clai 1 6 wh j i I | at . ds | d shank fr.
Firot b t héy COPARGS e, 1At BSHA ALCPURER IB) QAIGS & ShcURTIBrAag o
I t e shank f id first .end of said el hank.. 8., A
compos flengR s o' BBk SRbfion Al haif i esiln,roldl HEbGRd At ey e
wher ei neﬂ?ﬁf‘?&%ih%l&gélﬁé%gﬁﬁ a neans to transfer torque to of fromsaid
a Vi & sai

el ongate's shank. 9. A conposite drive shaft assenbly as

clai medgin amceﬂ@o@ftecdrwerrshalﬁt@s&nbwg&eaairﬁ@d Gn"BA"Snt GFLAMANS 130 3
di sposed fromsaid el ongate flange at 1ts distal end” away fromsaid first

end of wheftiglsaithadrnedtivikregion of saddnehmigaee shaftds pradidedswithtd yaidstaplezi ned
in any one of clains | to 9 wherein said neans to couple is a coupling
f1 ange todaothdts exteriosand intenegauefageaft. - 18- 11. A conposite drive shaft

coupl © 35 a f GHEIOSUP GIYfe APaB SRFEPL B FISHPeH! df GHyaPBe Graeims | to 4
wherein said taper is of a kind to reduce the thickness of the elongate shaft at its
first distal end from its thickness away from its first distal end.

6. A composite drive shaft assembly as claimed in any one of claims 1 to 5
wherein said elongate shaft is substantially of a tubular cross section save for the at
least one connection region.

7. A composite drive shaft assembly as claimed in any one of claims 1 to 6
wherein said annular slot extends into said shank from a first end thereof and
wherein said means to couple is disposed from said elongate shank away from said
first end of said elongate shank.

8. A composite drive shaft assembly as claimed in any one of claims 1 to 7
wherein means to couple is a means to transfer torque to of from said elongate shaft
via said shank.

9. A composite drive shaft assembly as claimed in any one of claims 1 to 8
wherein said means to couple is disposed from said elongate flange at its distal end
away from said first end of said elongate shank.

10. A composite drive shaft assembly as claimed in any one of claims 1 to 9

wherein said means to couple is a coupling flange coaxial with said elongate shaft.



12. A conposite drive shaft assenbly as clained in any one of clains 1 to 11
wherein said neans to couple is a region for engagenent by a rotational
transm ssion nmenber. 13. A conposite drive shaft assenbly as clained in any
one of clains 1 to 12 wherein the interior and exterior sleeves are also

i ndexed together with at | east one I'dr$g1' tudi nal index pin extending
radially to elongate shank and across the interface between said engaging
surfacep] of Aaismposies ideiveastiafodssembly ak edvinted 1t any 6ASTUISEIagmET ] t6 Shaft
assenbly as clained in any one of clainms 1 to 12 whérein the interior and
ext er i owhetegie\said aneans! o conplex sl at trgasmession igeantcdasaalt wathe saidoslinigadi nal
index pill extending radially to el ongate shank and across the interface

bet weershafii. d engagi ng surfaces of said exterior sleeve with the exterior
surface of said engaging region of said e]ongate shaft an ¢ross the
interfat® bebvRQIAPOSIES davgagiafh assrmblyeas s*an@a oty AR (QTSy ogp Liteni t he

interior,sutface,of said,en region of .said el o
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el ongat Jf@s . Of i.pber reinforced plastics material and including at at
| east a&ﬁ g‘aﬁé’f‘g‘i“i’gﬁd t hereof a connection region of a hollow section

whereimf s ré@rﬁg?ﬁfé ﬁ?fv%dsﬁd@%béé}ﬁbl?f adeldimet ) &nP o bPEla%g{sf pes ppd
interior surface said connection region Is tapered wth a direction of
taper twhereds s intbfonandaixtéos sliedves bl alee (adexdd sepethémwith atileastdonect i on
towards said first distal end b. a coupling nenber of a netallic material,
sai d colopgitndinakmudex pimektediding radially éoglengiite shapk endeantossythehinterfacexi al
with said elongate shaft, t_sai d shank including an annul ar sl ot provided
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surfac an exterior sleeve
longitudinal index pin extending radially to elongate shank and across the interface
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between said engaging surfaces of said exterior sleeve with the exterior surface of
said engaging region of said elongate shaft and across the interface between the
engaging surfaces of said interior sleeve with the interior surface of said engaging
region of said elongate shaft.
15. A method of manufacturing a composite shaft assembly which incorporates
a. an elongate shaft of a fiber reinforced plastics material and including
at at least a first distal end thereof a connection region of a hollow section wherein a
surface selected from one or both of the exterior surface and interior surface of said
connection region is tapered with a direction of taper to present the normal to said
surface(s) of said taper in a direction towards said first distal end
b. a coupling member of a metallic material, said coupling member
including
1. a longitudinally extending shank coaxial with said elongate
shaft, said shank including an annular slot provided therein,
said annular slot extending in the longitudinal direction and
presenting radially inward and radially outward facing mating

surfaces, said radially outward facing mating surfaces defined



said coupling nmenber fitted to and about said interior sleeve, ii. neans to
coupl e, wherein said annular slot extends into said shank froma first end
t hereof and wherein said neans to couple is disposed fromsaid el ongate
shank away fromsaid first end of said elongate shank, said interior and
exterior sleeves being affixed to eacjgother at a region of said elongate
shank away fromsaid first end thereof and beyond said annular slot, by at
| east one indexing pin_extendin

par al | to the,. | ongi tudi ngl directjon and
in a longitudinal crosPYaBiRGHOT §lge¥si0 %‘*&@ﬁ&?ﬁ&gd@ B’é@f apaesaﬂ%%&fa e
bet ween sai d engagi ng surfa of said interiofr and.exterior sleeves, t
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sai d method incluging (Reasstc’ @ipléoughening and cleaning of the interior
and exterior mating surfaces of 'the connection region of said el ongate

shaft to proddrecinsvapdganblae skotrdxaereds infd sarpghankefronna dirstehd thereof andai d
mating surfaces of said connection region of said elongate shaft and/or
sai d r aswheréin sandvmehnartd cogpleid ghsposnd?vﬁmn fsard elpngate sharduawaydsomf sadi d
annul ar slot, (c¢) assenbly by longitudinally sliding the said matin

sur f acefirgienshpf said eloggate shank, sard interpy andriterios slneves beang a@ﬁﬁgditng
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allow a transfer of torque between said sleeves by said at least one pin, and

wherein a cured adhesive resin adhesively engages said mating surfaces of said

connection region of said elongate shaft and said elongate shank,

said method including

(a) surface roughening and cleaning of the interior and exterior mating
surfaces of the connection region of said elongate shaft to produce
engageable surfaces,

(b) application of adhesive to said mating‘ surfaces of said connection
region of said elongate shaft and/or said radially inward and radially
outward facing mating surfaces of said annular slot,

(c) assembly by longitudinally sliding the said mating surfaces of said
elongate shaft into said annular slot of said coupling member by
pushing home of said respective mating surfaces of said elongate shaft
and said slot surfaces,

(d) allowing the curing of said adhesive.

16. A method as claimed in claim 15 wherein said roughening includes at least
sanding of said tapered surfaces.

17. A method as claimed in claim 15 wherein said roughening includes at least

the blasting with grit or granulated soft media of said tapered surfaces.



19. A nethod as clainmed in any one of claims 15 to 18 wherein said el ongate
shaft interior and exterior surfaces are pre-fornmed such that said mating
surfaces conformwi th each other. 20. A nethod as clainmed in any one of
clainms 15 to 18 wherein said elongate shaft interior and exterior surfaces
are machi ned such that said mating surfgaces conformw th each other. 21. A
nmethod as clainmed in any one of clains 15 to 20 wherein after curing of
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ki nd whidiifoMh vritls @aclfBtiedt ernal combustion engine for the powering of a
propul st on neans, a conposite shaft assenbly extendi ng between a prine

nmover of.sai A yesrsl asrdaiswed imnayudise of olmans 15 aodl 8 onhersin saiheldngate
assenbly conprising a. an elongate shaft of a fiber reinforced plastics

mat er i ashafinihteriot wahidn gxteatorasurfacest ae imachinedi such thatl saldemeating suofacest i on
region of a hol]ow section wherein a surface selected fromone or both of
the exteamnformsvith gaeh 8theri nterior surface of said connection region is
tapered wt
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ext endi fjgeyddank coaxial with said elongate shaft, said shank including an
annul ar sl ot provided therein, said annular slot extending in the
| ongi t ugh.nal Adiretltdd @8 claingsd i ickeim adi avhgreimsaidlirteking Pins laye engaged
facing gﬁ)tsltarrll%iaililll;erpendicularly to the axis or rotation of said resulting shaft between
said sleeves.
23. A method as claimed in claim 21 or 22 wherein said indexing pins pass or
penetrate through said connection region of said elongate shaft.
24. In a vessel of a kind which utilises an internal combustion engine for the
powering of a propulsion means, a composite shaft assembly extending between a
prime mover of said vessel and said propulsion means said composite shaft
assembly comprising
a. an elongate shaft of a fiber reinforced plastics matenal and including
at at least a first distal end thereof a connection region of a hollow section wherein a
surface selected from one or both of the exterior surface and interior surface of said
connection region is tapered with a direction of taper to present the normal to said
surface(s) of said taper in a direction towards said first distal end
b. a coupling member of a metallic material engaged with said elongate
shaft at the first distal end of said shaft, said coupling member including
1. a longitudinally extending shank coaxial with said elongate
shaft, said shank including an annular slot provided therein,

said annular slot extending in the longitudinal direction

presenting radially inward and radially outward facing mating



surfaces with which said corresponding exterior and interior surfaces of
sai d connection region of said elongate shaft are adhered in a mating

rel ationship, said radially outward facing mating surfaces defined by an
interior sleeve of said coupling nenber and said radially inward facing
mating surface defined by an exterior.xgleeve of said coupling nenber fitted
to and about said interior sleeve, ii. a nmeans to couple in coupling

t ot ith f id N : . id | si on devi.ce, wherei
said annul ar sl ot ext endSiRRES, Yt oI aid GoRFSsPPRAGIE SRiFHOARE nteROr

wherein said means to ngﬁ%&sj gf%iaacp%%ﬁqggﬁ%p}r%gﬂog_ §t QQ&P%&;?%?Q‘%&W?& rom

said first end of said ngate shan erior and ex I or Sl eeves

being affixed to each gljh&fedan @xﬁseﬁ%r}eﬁfﬁoﬁ%ﬂ, %bmm@dﬁu?hf\mﬁwcﬁ{g)m
said first end thereof and beyond said annular“slot, by at |east one

i ndexi ng pin extending pedtild Sirfacest definédbyidruflitedbr dldevet dOsaidnebipling
| ongi tudi nal cross section thereof, extending across the interface between

sai d engagi ng surfaces aiemsbé¢mandsaidi radiadlydinsvard facingsinatingssurface defimed a
transfer of torque between said sleeves by said at |east one pin, and
wherein a cured adhesi v8Yr#iextertor slegse yofe pajdgecuplingl membar fitted de andf

sai d connection region of said,elongate shaft and said el ongate shank. 25. A
coupling nenber for an & BHb%ﬁlgl%tﬁ sgqev » fiber reinforced plastics
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tapered with a directio t aper esent the notmal to said surface(s)

of said taperwhéretn dhidesinudar lovexttndsdntd $did shankdiffomla Bl .endathéresfaiid Ng
menber conprising i. a longitudinally extending shank including an annul ar

sl ot prwherdadsaidemeans ts gpupknisudisposseidofronnsaid dilomgdte shhnk |away frooin said
direction presenting radial ls?f)@i war, and,radichI%/ outward facing_mating
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sai d connegtipn region. of said, el ongat .
thoh other at 8 region of 3hid g‘.onggge Shank away from said first end thereof and

beyond said annular slot, by at least one indexing pin extending parallel to the
longitudinal direction and in a longitudinal cross section thereof, extending across
the interface between said engaging surfaces of said interior and exterior sleeves, to
allow a transfer of torque between said sleeves by said at least one pin, and
wherein a cured adhesive resin adhesively engages said mating surfaces of
said connection region of said elongate shaft and said elongate shank.
25. A coupling member for an elongate shaft of a fiber reinforced plastics
material and including at at least a first distal end thereof a connection region of a
hollow section wherein a surface selected from one or both of the exterior surface
and interior surface of said connection region is tapered with a direction of taper to
present the normal to said surface(s) of said taper in a direction towards said first
distal end, said coupling member comprising
i. a longitudinally extending shank including an annular slot
provided therein, said annular slot extending in the longitudinal
direction presenting radially inward and radially outward
facing mating surfaces with which said corresponding exterior

and interior surfaces of said connection region of said elongate



-22- shaft are to becone adhered in a mating relationship, said radially
outward facing mating surfaces defined by an interior sleeve of said
coupling nmenber and said radially inward facing mating surface defined by
an exterior sleeve of said coupling nenber fitted to and about said
interior sleeve, ii. nmeans to couple f-@2-engagenent of said drive shaft with
a neans to derive or input rotation via said drive shaft wherein said

coupling merber is of aciughali ¢ MA@ aghBA hNa SAfng A RISHiB! sgid ends

into said shank froma first end thereof an wherei n saPd neans coupl e

is disposed from said ernaRYy SUIRARK fadiﬁg thh 8 Stirfhcel idefined Wy O fféMor
el ongate shank, said interior and exteri or sleeves being affixed to each

other at a region of sajldeet@fgaidcobpling avanbdér aid saiddatlialBt irevardt facigof
and beyond said annular slot, by at |east one indexing pin extending
parallel to the | ongit oditmg suifaez definedrhyy an extexnogistesste nofl saidossupling i on
t hereof, extending across the_interface, between said engagi ng surfaces of
said interior and exter mgmbercfitied to and ahppbspid 1ntenasisteevisi t or que bet ween

said sl eeves by said at |east. one pjn, and wherein cur,ed .adhesive resin
adhesi vel y engagessai dMH&@Sntp §8}“Bi§c£%r Gngﬁ?rHenE&%n%*’dgi &‘HV? aft, with @i ¢

elongate shaft and said,glanga tcféri%ad}lﬁnput rotation via said drive shaft

wherein said coupling member is of a metallic material,

wherein said annular slot extends into said shank from a first end thereof and
wherein said means to couple is disposed from said elongate shank away from said
first end of said elongate shank, said interior and exterior sleeves being affixed to
each other at a region of said elongate shank away from said first end thereof and
beyond said annular slot, by at least one indexing pin extending parallel to the
longitudinal direction and in a longitudinal cross section thereof, extending across
the interface between said engaging surfaces of said interior and exterior sleeves, to
allow a transfer of torque between said sleeves by said at least one pin, and
wherein a cured adhesive resin adhesively engages said mating surfaces of said

connection region of said elongate shaft and said elongate shank.





