-1 COWCSI 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 froman engine via a gearbox to a
propeller or water jet. unit. The connection between a gear box and
conposite drive shaft, or be ' 3 and a propeller, as
wel | as the bearing and coupﬁ@é@%ﬁmsﬁgﬁave been the focus of
| nportant research and devel opnent. Traditionally shafts have been nade of
a solid or hollow netal material however conposite drive shafts provide

t he benef BACKGROUNDORTHEINVENEION and of a construction which is
easy to manufacture, The di sadvantage of utilising an entirely conposite
shaft for the tdhgshnetonefofdiiv Isetovemyen tprqueefromva posved saurce to a
pr opul si on devifxée Is that the shaft does_need to be coupled to other
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conposite shaft by fastening the substrates with bolts or rivets (see for
exanpl e Fofar eorstiuetioh . wibichde e¢appitotrsamactare. adhesdivadviantagel of atilisingt aeen

t he conposite shafts and joi.nt see for exanple Figures 6 to 10).
P entirely composite ghélﬂ for tfle (transmlssmn of trgeque bet%vecn a prime moe'er 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 Mechani cal joints show the advantages of being easily disassenbl ed 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, add_very little weight to the
structure and have superior fatigue resi stance, however they require
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shaft to metal did not create a sufficiently strong and durable connection
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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 shafis.

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
material s bearing non-solidified resinogs materials arc applied around the
mandrel and around the recesses in the sleeve. Portions of the previously
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Most of the prior publications as herein described have the "di sadvantage of
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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 herecin 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 filyer 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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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
fromsaid first end of said elongate shank. Preferably said neans to couple
Is a nmeans to transfer torque to of fromsaid elongate shaft via said
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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 |ongitudinal 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
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with a direction of taper to present the normal to said surface(s) of said
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a metallic material, said cqupling menmber including i. a longitudinally
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engageabl e surfaces,
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
i. 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,
1. 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
regi on 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 couplingXenber by pushing hone of said
respective mating surfaces of said elongate shaft and said slot surfaces,
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further aspect the present invention consists in a vesse
utilises anch tiatsmd matomp swttaces cenfirnewithreachethpwer i ng of a propul sion
nmeans, a conpgosite shaft assenbly extendi ng between a prinme nover of said

vessel and sai &refgraiy ssidslonsates shaft dntesiopand: exteriar susfesesiare noaghimédsi ng
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 sclected 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 normalgto said surface(s) of said taper
in a direction towards said first distal end b. a coupling nenber of a
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exterior and interior surfaces of sai'd connection region of said elongate
shaft are to beconeiiadheaemeams & rouplyin ebaplimnehiszement to either of said

prime mover or said propulsion device.

In a further aspect the present invention relates to a coupling member for an
clongate 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
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 metallic material. -9 This invention may al so be said broadly to
consist in the parts, elenents and features referred to or indicated in
the specification of the application, i-mdividually or collectively, and
any or all conbinations of any two or nore of said parts, elenents or
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prior art of dllustsatirig ¢hepiasentéon, nihices iisl shosmd imethal driaevingd er ifeins, whichiuies 6
to 9 describe adhesive type prior art joints of conposite materials and
metal lic msmlhms?femegut/tés beingsundepupad boweyer that this inventionps ineg listitgsbnent
wi t hout tpe conposite shaft e B%Ed therewith and wherein the coupling
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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 conponents andjgbe conposite shaft (b) for
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shaft. The shaft of the present invention is preferably utilised in the
transm ssion of a torque and any axial conpression and tension |oad
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component 2. The netdllic coupling may i'n
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desirable configuration to allow for "'bolts or pins or the | &e to extend
t her et hr oagmpesite or ¢poxy fibhreeglagsoor Klewlar| comyposBetar combination ttheof. The
conplinmentary fl an of for exanple a neans to or from which

e. (not sho ]
torque wPFiSePk 1By &Si\ Mayd “@‘ngg tweh cajsaialy or smaterials yehigh yareaknewn tse
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disaligned with the centre liné or shaft axis exa

bol t ed t hcomphesaioraanditepsiont load hetvedarf 4 pﬁlﬁesméﬁmmawepmmdnedeﬁf@mch
| oadi ng of torque transfer. Blind_holes may al so be used. Wil st the nost
comon f oPsrf@reNasnle apropelityef ashi@t her is by bolts alternative means of

ensuring a fastenin r tor an r | oad transm ssion, may be .
9 With Yefrence't0 'ﬁgurcd{ the present invention prov1ndes aycomposne 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_pprtion thereof which provides the
flange 3 is made froma netallic material such as a mld steel, tenpered

steel, a ] 13 siak:nl e el, qr siymlar. The .coupli conponent 2
et nes amtited bRl HBER K5 el Ui t@hoaneiafittartfhe yeRaRalvel o
t he shaft eﬁ%rh%léa Sﬂ'llﬁ@e aﬁ@@(s%gq:i%,zreofothi s coupling conmponent 2 has a taper
or chanfer as shown in Figure 12 whi gh relieves the stress placed upon the
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shaft axis 5 is the rotational axis of the conposite shaft and 1S the axis

about whi & flaege dnig sBadefronnatmetgisniviateriad sioh ras taamiildnsttelp admpered steel,
t her eabout, The annul ar s%ﬂnk seﬁtio 6 includes a free end 7 and is

engaged wABtRiRuny; stamless steglior simylar. o fhe goypling sempanent 2 definesan annulae 3

which is arr ' ' eels | ng t t her .t ransm ssi pn
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t he conposite shaf tﬁagsenbl y is to engage. Inn%he mék?ng??@rfeg?'g%the
flange 3 alitvehethansirdsarplatahipsrctheororfipasite Slafiremd/omcowplidgy campoaent
exanpl e shown in Fi %ure 1. The annul ar shank section 6 has extending from
its free dAgnassembledanddn usgirection, an annular slot 9. The annul ar sl ot

is preferably a.slot gontipuous about .the shaft axis.5.  Alterpatjvely the
annul ar sl ot na Béhaﬁ BHe 13 gieongl axs rRPMBOSHHG| Sha ya“égﬁdbetal’fés
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The slot 1s of a configuration e ohgi t udi nal

di r ect i onapmilat Ishhnkvsebtibhes $idhidesadi fe®lentls7 UrAIsCEnsARA Whethir dibedtiyn t he
radial direction to the shaft axis 5). Furthernore the slot 9 has at 'l east

a singl e undaribyr ef by ablegmediate, bvith thap 8ange 3rwhichris she paeferred wondigyratiom can
be seen | r1lor|:(i: uprlﬁlglio 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 tn 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 longitudinal direction
parallel to the shaft axis 5. Each surface -12 20 and 21 is preferably at
an angle to the | ongitudinal di rection_gﬁ_betv\een 0.5 and 2 degrees. In

the nost preferred formthe angle is substantially 1 degrees to the

| ongi t udi RAl__di4€ctig toceat over al | bet ween the two
sur19 aces ngngr%l %dgrgférilﬂgsa?gﬂtapg eltytg E‘@’@‘ alﬁﬁ"@c %P%%S?W"eeé’c@ﬁdmdt%e
outer and g 0 opppsite

directi ongbeﬁ%tg'heﬁfﬁ%?ﬁél na%%i: | ré—H{ |%Ebn(?ln eﬁeﬁlﬁgﬁld{aﬂé’ g eesse{:o[ 'tlb‘?1 I
provi di nglé c%atummmtem@nrsegas)tb Erate ﬁﬂaaa%nemgw\ﬂzwbét%eﬁwﬂﬁé%}faeés 6is
al so tapered in a conpl enentary nanner The taper is such at the nornal
N (see Fi glrandi 3y dlasubstandiablyn2 rdegodesdi Thetangte of @ael df theeowtod ahQ iahet he
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2 which along 1ts annul ar section 6 provides the slot 9 there| n. The shaft
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coupl i ng conmponent 2 ntary shaped tapered wall section such
that its &3 &eilgserted m&e \%tﬂgh Yalth§eﬂldﬂllﬁ1H&V§§§‘él§ between the éwlémgar
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bondi ng between the |nt erior and exterior surfaces t he

section | taget hoft back ofrtepanéicey Hurahdc2b befing hd aslhﬁd $b agcidr provid€ no
conposite shaft itself may be made from an epoxy or E yester or simlar
resi n basdadeicpting ef theoslobin the longitudinal diregtion.orWithanefitrencs to Figurg 10
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the shaft gzegbt 97nbredNd ThEShatt 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 ni mum depth
of the slot 9. Wth the increase in - 1B3surface area bondi ng between the
shaft section | and the coupling conponent 2, will thereby increase the

torque t r@ﬁﬁﬁééﬁﬂeﬁmoﬁﬁﬂﬁﬁgﬁrgeﬁ tﬁé‘ﬁl#ﬁé@&ﬂ%htlearﬁf‘fﬁ feo ﬁgﬁg@né%gpngﬂ %,E\iflfmr ©
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desi r abl ecoﬁ@@gé@ldzﬁﬁq,mmfléggt&@h}@a_ as nentioned above. Were such end
configuration is not “pre-formed during its manufacturing step the shaft
will need to beThecissembly of the monsiteeshadipassechbdpdvitbividlgde ahé @teps THE
application of adhesive to the end and/or to the interior of the slot is
to occur pKiBg agyechEedepmpesitthshatiosrstion tlewhichfmay dpveibeen manofadteredibyt 9

until 1t is brought home,to it er ent rel.ative axi.al displacement wth
the coupl Fi st s bl Hlament iRtingapr agies or HombRURC0E

sur faces %ch;ﬁ@eﬁggﬂ]mﬁp@%éapﬁeeﬂﬁw@gﬁg Harffi SRl BEl diabe e

slot 9is o IS sufficrent I the conposite Shaft

section | tiperéibend tonlligighion ag agadionbe abbvé.oWhera seeHehd tonmfighatién i ot
tapered surfaces nate wwth each other. As can be seen in Figure 1, the

shaft is pfe-formssk dnringptsh manafacteting rsexp tredshafe witlaneed) t@bei machamteth due
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coating oklididg fMeftheasdt Buatil i€ i BiBhMINdME Mo 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 y_p{_a circular configuration and

a

extends cylindrically in the longitudin direction parallel to the shaft

axis 5. The .coupl i component .2 i s made up of the fwo sl eeves 26 and 27
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be af fi xetegistes pims 26r cmipl¢ the eytayioreartd intevior skegvesBéeane Ry wigktherrandisi ng
adhesi ves or EEI gi ng or t etJ | ke. The r.egqi éter pins 29 are preferably
provi ded fhough shegmstiength ofhe ragiskspinRRpiesetalbe cutetior slsereRfopme
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of the conposite shaft section | is no affe%ted by the configuration of

t he regi swath fhieriateria® sleeva@7unithe fidly assembéed conditioraand basinapertiree are of
acconpanyi ng drawi ngs. The pins 29 provide register between the interior
sl eeve 27asivs oansghvand prederabbetightlaracsiyiedhe registenpinsolfp| The regiatenpis om

where t h62§ %1”%9 Be'o assqgf]; Which ;['éq%ri]re% thém 10 gl’)(il,gf%%ice%ltl{/1 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 torgye_ between the _15 netallic coupling
conponents and the shaft (see Figure 13) but may affect the integrity or

t th ' d. Ho , | d the ad | t

ot or P ace e PR CQHEe SRR 4D Bl hath dsdea ety Lhbut udbabiencina ne
mbodi Tail : t k1 L.ntaj ned.
Such pin IheEnn b sienith bIE WREITE U9y ST sh P e ThBECL , o

failure ointetfaes of ter sirfieanids tiecdlic ebuplive fdiﬁfdr/eﬁxg%hédiﬂtﬁeﬂttﬁé feAffddimBat
assenbly of the conposite drive shaft involves the steps or surface

prepar at | @h Figangel3 vhe tppsfer afitorqueamay shillybembivtainiedy. Sl irs peeitioncad | y
the i nner n 35 matin es of the pachi ned or preshaped

36 a ci__.out e{}n g surggﬁ ]
conposi t e SEERRAN Figure 1 may ssrveasa ielytale of sueha favlune orcother eharagferistese
sanded an | ther soft nedia or grit material to produce
an engageggkﬁggsht?ﬁ/g@@%éte@cgl lic flange is assenbled of two or nore
parts 10 provi dghehaseBly oedhe Bhipostte diide SHE iRGoISES TRE SRRl of B eR0AT !

and netallic coupling are then degreased. The adhesive n applied to
t he mat i ngrepardtéorg sidhésive appliedtionaasienibly hadeutiag| iMooscificallycheaanent 2
and the shaft section | is then located into the nmetallic coupling cavity
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of a fiber 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 distalgend b. a coupling nmenber of a
netallic material engaged with said elongate shaft at said connection
region, sgda§ ling menber including i. a longitudinally extendi ng shank
coaxial with sard elongate shaft, said shank including an annul ar sl ot

provi ded tlher eifncompasitt ariveikindft éds@mwbsmgkiaﬁl%' n the | ongitudinal
direction presenting radially inward and radially outward facing mating

surfaces with @hi chanalengate skafpoddi fijerercimforcad plasticsntnetériul and Uinéldasg of
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el ongat e shankbi s of c@uplipg membenef a Betalliconpiesiat engagedewithafaid aboneatd y as
to rein sgid connection region of said
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t hi ckness away fromits first distal end. % A conposite drive sha
assenbly as clai med i n asgidoragnufar cklot nextendimg6 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,
il. means to couple for engagement of said drive shaft with a
means to derive or input rotation via said drive shaft.
2. A composite drive shaft assembly as claimed in claim 1 wherein said hollow
section is a pipe section.
3. A composite drive shaft assembly as claimed in claims 1 or 2 wherein said
elongate shaft is a pipe section and said connection region defined at at least one
end of said elongate shaft.
4, A composite drive shaft assembly as claimed in any one of claims 1 to 3
wherein said elongate shank is of a pipe section.
5. A composite drive shaft assembly as claimed in any one of claims 1 to 4
wherein said connection region of said elongate shaft is provided with a said taper

to both its exterior and interior surface.



wherein said el ongate shaft is substantially of a tubular cross section
save for the at |east one connection region. 8. A conposite drive shaft
assenbly as clainmed in any one of clains | to 7 wherein said annul ar sl ot
is disposed into said elongate shank fromsaid first end thereof and
wherein said neans to couple is disposegzfromsaid el ongate shank away
fromsaid first end of said elongate shank. 9. A conposite drive shaft
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wherein sdid nméngemposieddsive shafhasseopily g ¢laiamesbinc enyicre of chisai Hto 6
el ongate shaft.. 12 . A conposite drive shaft assenbly as clained in any one
of clai ns WHLH ﬁ’r?@rgaﬁe%éﬁila SH&%{ﬁguiﬂB’ egﬁﬁ'l‘alé“‘sl?"scré’sﬁ Pecian saveder dap
coaxi al Wil 54k goﬂ%}ﬁ%ﬁtﬁ%@ﬂaft- 13. A conposite drive shaft assenbly as
i al |

claimed in any one of C to 12 wherein said neans to couple is a
regi on fog, engageskiposity driveOdlaifi 8 mblY 'ANSHInSS /) afB MR of tthimd FeHPOSi te
drive shaft assenbly as clainmed in any %ne of clai m;aﬂg tol3 \%ereflzn sai d
annul ar shdter¢in shid iansulabelateis disposadiiatd yaid utlemgade fshank graan rshit €igstodnd an
interior sleeve of said coupling nenber and radial] ¥ I nward facing surface
of an exthsreel and oxheresy saidi meany i icoyplecispdisposesl Trane saish elangaty shankshaf t

assenbly | Qi - | ai 4 wherein saibd interior and exterior sleeves
are affixgg'agof?%]ggs%l Oﬂﬁsgpﬁg{@féa]]dee ?Wt%?h%‘d el ongate shank away from
said firsgp end itangivae | " 5 1 ; id e
drive sha]pt asﬁa%glﬁ?agls clg’fén%%@ﬁ%?@lﬁl%%%%?nﬁﬁsmvﬂg (]a(?lﬁ Qtz‘aicglﬁllgﬁg?i%r

and ext er wfersiharyas tarcouphgageniend 1o easiferobb@le @lof Rastsaid chMpaa$Harc
engagi ng surfaces.
via said shank.

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

11. A composite drive shaft assembly as claimed in any one of claims 1 to 10
wherein said means to couple is a coupling flange coaxial with said elongate shaft.
12. A composite drive shaft assembly as claimed in any one of claims 1 to 10
wherein said means to couple is a transmission gear coaxial with said elongate shaft.
13. A composite drive shaft assembly as claimed in any one of claims 1 to 12

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

14. A composite drive shaft assembly as claimed in any one of claims 1 tol3
wherein said annular slot is defined between a radially outward facing surfaces of
an interior sleeve of said coupling member and radially inward facing surface of an
exterior sleeve of said coupling member.

15. A composite drive shaft assembly as claimed in claim 14 wherein 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.



17. A conposite drive shaft assenbly as clained in any one of clains 14 to
16 wherein said interior and exterior sleeves are indexed together. 18. A
conposite drive shaft assenbly as clained in any one of clains 14 to 17
wherein the interior and exterior sleeves are indexed together with at

| east one |ongitudinally extending inedé&ing pin extending inits
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20. A composite drive shaft assembly as claimed in any one of claims 14 to 17
wherein 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 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.
21. A composite drive shaft assembly as claimed in any one of claims 1 to 20
wherein a cured adhesive resin adhesively engages said mating surfaces of said
connection region of said elongate shaft and said elongate shank.
22. 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




I . a longitudinally extending shank coaxial with said elongate shaft, said
shank i ncluding an annul ar sl ot provided therein, said annular slot
extending in the longitudinal direction and presenting radially inward and
radially outward facing mating surfaces, ii. means to couple, said nethod
i ncluding (a) surface roughening and cté&ning of the interior and exterior
mating surfaces of the connection region of said elongate shaft to produce

engageabl e surbacesa tQplaRPM&AbESY af nRMIRS| Matd1S&j | s of
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and r adi alihgludimgt war d faci ng mating surfaces of said annular slot, (c)
assenbly by longitudinally sliding the said mating surfaces of said

el ongate shaft intolsai dalgitadinally; exendiagdshankpeoanjahavite sals elgngahs ng
home of said respective npting.qurfaces of .said elongate shaff, .and said
sl ot surfaces, (d) aIIowirgﬁ tﬁ%ﬁcﬂﬁ“ﬁgm& udg%g@naqﬁgﬂgq,élptjgpvweﬁﬂ 8itas
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rougheni ng includes at | passentihfeadiblls tihwardbdd @aiallyosutdasd Fadhedsaid
medi a of said tapered surfaces. 25. A nethod as claifmed in claim22 wherein

sai d cl eani ng includes déyrfaegs,ng. 26. A nethod as claimed in any one of
clainms 22 to 25 whetein said elongate shaft interior and exterior surfaces
are preformed such that GAASARCPTR{Csurfaces conformwith each other. -20

27. A net l4al 1N any one of clains 22 to 25 wherein said el ongate
shaft int g%ﬁolﬁé%lﬁgqg%gﬂggr surfaces are nmachi ned such that said mating

surfaces conf pgym wiffa@2sbughefiftig 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.

23. A method as claimed in claim 22 wherein said roughening includes at least
sanding of said tapered surfaces.

24, A method as claimed in claim 22 wherein said roughening includes at least
the blasting with grit or granulated soft media of said tapered surfaces.

25. A method as claimed in claim 22 wherein said cleaning includes degreasing.
26. A method as claimed in any one of claims 22 to 25 wherein said elongate
shaft interior and exterior surfaces are pre-formed such that said mating surfaces

conform with each other.



28. A nethod as clainmed in any one of clains 22 to 27 wherein said coupling
menber conprises at | east an internal and external sleeve concentrically
and co- axially engaged at an annular interface at regions away from said
annul ar slot, said annular slot defined between non engagi ng facing
surfaces of said external and internal28teeve, wherein after curing of
sai d adhesive resin, indexing pins are inserted extendi ng between said at
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clainmed in claim 28 or 29 wherein said i ndexing pins pass or penetrate
t hr ough s&pairBhwabsagh otlgdi on of said elongate shaft. 31. In a vessel of a
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shank including an annul ar slot provided therein, said annular slot
ext endi ng substamtéallyo peipendicntdrlydia thet axis or pomsientdfigid aeludlingy shafbedvedrd
radi al |y out W?rd facing mating surfaces with which said correspondi ng
exterior &4 SI$RESi or - 21 surfaces of said connection region of said

elongate sfaft QpcngdhE"onldd &gfn'l% Brebetxir}?quﬁi &id indexing pins pass or
penetrate through said connection region of said elongate shafi.
31. 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
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
i 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



Ii. a means to couple in coupling engagenent to either of said prinme nover
or said propul sion device. 32. A coupling nenber for an elongate shaft of a
fiber reinforced plastics material and including at at least a first

di stal end thereof a connection region of a hollow section wherein a
surface selected fromone or both of th2texterior surface and interior
surface of said connection region is tapered with a direction of taper to

present the normal to saisgrHuéd BER6R) c@ﬁne%ﬁbﬂ fe8Rf of Raid Qfoﬁgfif()e'ngﬁ%%r ds

said first distal end, said coupling nenber coffprising I. ally
ext endi ng shank i ncl udi nadheredrinal matisg edlatigniship,ded t herein, said annul ar
slot extending in the longitudinal direction presenting radlally I nward
and radi al |y outwar 8 fad Ri§aRaLe rf-'g)uﬁlﬁr 1@@@@13&% enghgermertatal egber of maidli ng

exterior and interior surfaces of sai. a uge.ct:ﬁgsf region of said elongate
shaft are to become adhePety HOYCREE PHY PFAPUFOBHEXISS: "ii. nmeans to coupl e
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mat eri al . 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

shaft are to become adhered in a mating relationship,
il.  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.






