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(57) A turbine assembly comprising a turbine blade, a turbine member and a mounting assembly; wherein the turbine
blade comprises a root mounting portion having a wall and a hole extending through a thickness of the wall, the
hole being partially defined by an engagement surface facing away from a root end of the turbine blade; wherein
the mounting assembly comprises a peg and a clamping member, the clamping member being coupled to the
turbine member; wherein the peg extends through the hole and comprises fist and second opposed bearing
surfaces, the first bearing surface engaging a clamping surface of the clamping member and the second bearing
surface engaging the engagement surface of the hole. A kit of parts for a turbine assembly and a method for
assembling a turbine assembly are disclosed.

FIG. 4

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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TURBINE ASSEMBLY

The present invention relates to a furbine assembly, a kit of parts for 2 turbine assembly and a

method of assembling & turbine assersbly.  The present invention relates particularly to

tmrbines for fidal generators.

Wind and tidal turbine blades are typically formed of laminated composite material (for
fatigue resistance), bolted to the turbine hub using steel bolts. A connection therefore needs
to e made between the bolts and the composite blade. Tidal hubs are ueually sealed, and
hence there is no access inside the hub for tightening the nuts on the blade connecling bolts,

Small wind turbines also have limited or no manual access due to the size of the hub.
There are & number of known technigues to affix such blades.

In one known technique, each hub spindie includes an enlarged circumferential flange to
which the blade root is affixed using T-bolis. However, that siracture exhibits the problem of
poor hvdrodynamics. There are further problems in that despite 2 heavy and expensive

spindle, the spindle is susceptible to fatigue failure at the internal radivs of the flange.

In another known techuique, the blade root incorporates a radially outwardly directed
cirenmierential flange, and studs are screwed into blind holes in a hub spindle. Nuts are fitted
onto the outhoard end of the studs. This arrangement suffers from the problem that the
flanges are not strong encugh when fabricated from fibre reinforced resin matrix composite
material due to through thickness tensile (Brazier) loads at the tight radivs, and so the Hange
tends to be made in steel or spheroidal graphite tron (SGI), which then needs to be connected
io the composite biade, typically by an adhesive joint. The difference in stiffness between the
composite material and steel/SG can lead to the existence of siress concentrations in the
adhesive joint, This in turn can result in a problem of the lowering of the fatigue resistance

of the adhesive, particularly when subjected to underwater environments.

There is therefore 2 need for an tmproved coupling between turbine blades and a hub that
improves performance and reliability, and which reduces the cost and complexity of

manufachire and assembly.

A first aspect of the invention provides a turbine assembly according to claim 1.



& second aspect of the invention provides kit of parts for a turbine assembly according to
claim 39. A kil of parts according to the second aspect of the invention may be used to form
a turbine sssembly according to the first aspect of the invention. The kit of parts may

therefors inchude any of the features described in relation to the first aspect of the invention,

A third aspect of the invention provides a method of assernbling a turbine assembly according

to claim 44.
Preforred features are defined in the dependent clatms,

Embodiments of the present invention will now be desceribed by way of example only with

reference o the accompanying drawings, in which:
Figure | shows a schematic front view of a turbine;

Figare 2 shows a schematic front view of a root mounting portion of a turbine blade having a

turbine assembly according to one embodiment of the present invention
Figure 3 shoes a schematic cross-section of the rost mounting portion shown in Figure 2;
Figure 4 shows a more detailed view of a portion of the schematic cross-section of Figure 3;

Figure 5 shows a schematic exemplary interface between a turbine member and a rout

mounting portion of 8 turbine blade;

Figure 6 shows a schematic perspective view of a peg used in one embodiment of the present

tnvention, and

Figure 7 shoes a schematic cross-section of a portion of a root mounting portion of 3 turbine

hlade having a turbine assembly according to another embodiment of the present invention.

Figure 1 shows a tidal water-driven turbine 1 having a rotatable hub 2 with two tuthine fades
3 mounted to the b, In other embodiments the turbine may be any other turbine, especially

a water-driven or air-driven turbine, having any number of blades.

Fach turbine blade 3 is coupled to 3 respective turbine member 4 which is in tum coupled to a
main body of the hub 2 by a mounting arrangement 8. Each turbine member 4 is generally
eylindrical, as shown in Figures 3 and §, although other configurations are possible. The

turbine members 4 are manufactured separately from the main body of the hub 2 to simplify
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the manufacture of the hub. In other embodiments the turbine blades may be coupled directly
to the hub such that the hub or a portion of the hub acts as a turbineg member as described

below. The hub 2 and the twbine members 4 are typically composed of 2 metal.

Fach turhine blade 3 includes a root mounting portion 3a at a proximal end for coupling the
turbine blade to its respective turbine member 4, and a main body portion 3 located cutboard
of the root mouniing portion and extending outwardly to a tip 3¢, Each root mounting
portion 3a includes a wall 100 which extends in a continuous, substantially circular clossd
ioop, as shown in Figures 3, 4, 5. In other embodiments the wall may be elliptical or have

any other shape, and may not form a closed loop.

The wall 100 includes an end mounting surface 100a which engages a complementary
mounting surface 4a of the turbine member 4. The end mounting surface 100a is inclined at
an sngle to a plane extending transversely to a longitudinal axis 8 of the root mounting
portion 3a. The angle is preferably an acute angle, more preferably between 2° angd 30°, and
most preferably between 3° and 10°. As shown in Figure 5, the end mounting surface 100a is
upwardly and outwardly tapered such that a radially outer edge is farther towards the tip end
3¢ of the turbine blade than a radially inner edge. In other embodiments the end mounting
surface may be downwardly and outwardly tapered such that a radially inner edge is further
towards the tip end. In other embodiments the end mounting surface 1002 and
complementary mounting surface 4a may be substsntially planar or have some other shape.
T other embodiments a locating spigot may be provided which engages an inner surfsce of
the wall 100, In other embodiments there may be one or more intervening componens

between the end mounting surface 1002 and the complementary mounting surface da, for

gxample 3 seal.

The wall 100 extends sway from the end mounting surface 1002 towards the tp end 3o of the
turbine blade 3 at an acute angle to the longitudingl axis 9 of the root mounting portion 3,
such that the root mounting portion 3a tapers inwardly away from the end mounting surface,
4 taper is particularly desirable in water-driven turbines to reduce drag. A taper commencing
from the oot end is desirable to minimise drag and reduce or eliminate the need for a double
curvaturs, In other embodiments the taper may commence from a point cutboard of the end
mounting surface 100a (but preferably between the end mounting surface and the hole 101

described below), or alternatively the root mounting portion may not be tapered inwardly,

gl



The turbine blades 3 are typically composed of reinforced composite material, for example
laminated layers of fibre-reinforced polymer formed using prepreg or resin-infused plies,
although the other materials may be used. Typically at least some of the laminated layers of
reinforcement extend continuousty out from the root mounting portion 3a into the main body

portion 3b of the turbine blades 3.

The wall 100 of sach root mounting poriion 32 has four holes 101 extending through a
thickness of the wall, although a different number of holes is possible as will become clear
from the following description. The holes 101 are spaced apart along 8 width direction of the
wall 100 and each hole is partially defined by an engagement surface 102 facing away from
the end mounting surface 100z of the turbine blade. In other embodiments the number of
holes 101 may be significantly greater, for example at least 10 or at least 20 or at least 30 or

at least 40, In one particular preferred embodiment the number of holes is 34,

Fach turbine blade 3 is coupled 1o its respective turbine member 4 by a turhine assembly 5 as
shown in Figure 2 and in cross-section in Figure 3. The coupling of one of the nubine blades
3 to its respective turbine member 4 will now be deseribed, although it will be understood

that both turbine blades are coupled to their respective turbine members using similar turbine

assemblies.

The turbine assembly § includes the root mounting portien 3a of the turbine blade 3, the
turbine member 4 and four mounting assemblies 10, Each of the mounting assemblies
corresponds to a respective one of the four holes 101 through the wall 100, In other

embodiments any other nurmber of holes and corresponding mounting assemblies may be

used, including one.

The mounting assermbly 10 includes a peg 200, a clamping member 300 and a2 retaining
member 400. The following description generally refers to a single mounting assembly 16,
shown in detail in Figure 4, although it will be understood that sach of the mounting

assemblies are arranged and function in a similar manner.

The peg 200 extends through the hole 101 and has first 201 and second 202 opposed bearing
surfaces. The term “opposed besring surfaces” means bearing surfaces which generally face
in different directions, and includes bearing surfaces which are laterally offset from each
other instead of directly opposed, and which are angled with respect to each other instead of

parallel as shown in Figure 4.



The sscond bearing surface 202 engages the engagement surface 102 of the hole 101, The
second bearing surface 207 and the engagement surfgee 102 are curved with curvature about
s longitudingl axis of the peg. An interface between the second bearing surface 202 and the
engagement surface 102 is therefore arched. The complementary curved surfaces of the peg
and the wall need not be sxactly aligned with the longitudinal axis of the peg. In other
embodiments these complementary bearing surfaces may be part spherical {with curvature in

two directions) or subsiantially planar or any other shape,

The first bearing surface 201 engages a clemping surface 303 of the clamping member 300
{which is described below). The first bearing surface 201 and the clamping surface 303 are
also curved with curvature shout a longitudinal axis of the peg. An interface between the
firgt bearing surface 201 and the clamping surface 303 is therefore arched The
complementary curved surfaces of the peg and the clamping member need not be gxactly
aligned with the longitudinal axis of the peg. In other embodiments these complementary
hearing surfaces may be part spherical {with curvature in two directions) or substantially
planar or any other shape. In any case, the first bearing surface and the clamping surface are
substantially continuous bearing surfaces and may be moved towards each other into
engagement or out of engagement and away from each other when not constrained by other
components. The movement may be in a divection novmal to the interface between the first

bearing surface and the clamping surface and/or in a direction paraliel to the interface.

The peg 200 also has a bore 203 extending through its height in a direction generally fowards
the turbine member 4, as shown in Figure 6, The bore 203 is for receiving a stud 401 of a
retaining member 400 (described below), In other embodiments there may be multiple bores
for receiving multiple studs. In other embodiments the bore{s) may be replaced by one or
more open notches or grooves configured to engage a portion of 2 retaining member. In other

embodiments a bore/noteh/groove may not be required.

The peg 200 comprises a taper with an incressing dimension from a first end 200a located
towards the clamping member 300 to a second end 200b located towards the relaining
member 400 {which is deseribed below). The taper increases the height of the peg 200 a
direction aligned with the longitudinal axis 9 of the root mounting portion 3a. The hole 101
in the wall 100 is straight sided, as shown in Figure 4, but in other embodiments may have a
corresponding tapered shape. The taper allows manufacturing tolerances to be compensated

for during assembly of the turbine 1 by pushing the peg 200 further into the hole 101, The
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bore 203 through the peg 200 is preferably enfarged compared to the stud which passes
through it {as described below) and/or slotted with an increased dimension in a direction
aligned with the longitudinal axis of the peg to allow for positional adjustment of the peg
with respect to the hole 101, Altematively or additionally, the peg may be tapered in a width
direction of the peg which is perpendicular to the longitudinal axis of the root mouniing
portion and perpendicular to a longitudinal axis of the peg, Again, the hole in the wall may
or may not have a corresponding tapered shape. In other embodiments the peg may nol be

tapered.

The peg 200 is taller in the height direction than the width direction fo improve is bending
strength in its primary load carrving direction.  The hole 101 in the wall 100 18
correspondingly taller {in a direction aligned with the longitudinal axis 9 of the root mounting
portion 3a) than it is wide (in a divection perpendicular to the longitudinal axis of the rout
mounting portion and parallel to the widih direction of the wall} to reduce the reguired hole
width, The peg 200 and the hole 100 may have a substantially oval shape or alternatively any

other shape,

The clamping member 300 is spaced apart from the wall 100 on a first side of the wall, The
clamping member 300 is located on ant inside of the closed loop formed by the wall 130, The
clamping member 300 comprises an annular wall 301 within the closed loop, the wall
extending around the inside of the root mounting portion 3a. The annular wall 381 may be,

for example, ovlindrical or frusto-conical in shape.

The clamping member 300 has a plurality of holes 302 extending through the thickness of its
annular wall 301, each hole corresponding to a respective one of the mouniing assernblies 10
and providing a clamping surface 303 facing generally towards the turbine member 4. In
other embodiments the clamping surfaces 303 may be provided by recesses and/or
pverhanging portions {as shown in Figure 7) instead of holes. In each case the clamping
aurface 303 is preferably formed in the wall 301 or on & portion of the clamping member
which is integraily formed with the wall or otherwise rigidly fixed to the wail. In other
embodiments multiple clamping members way be provided, each providing clamping
surface(s) for one or more of the mounting assemblies 10 instead of a single clamping
member providing clamping surfaces for all of the mounting assemblies, and the clamping

member may not be annular,



The clamping surface 303 is curved. As desoribed above with reforence to the peg 200, the
clamping surface 303 has curvature about a longitudingl axis of the peg (a8 does the first

clamping surface of the peg).

As shown in Figure 4, the clamping surface 303 extends in a divection away from the
longitudingl axis 9 of the root mounting portion 3a and towards the wall 100 of the root
mounting portion, and is generally inclined at an acute angle to a plane exiending
transversely to the longitudinal axis of the rool mounting portion.  The clamping surface 303
is inclined inwardly towards a centre of the root mounting portion and downwardly away
from the Hp end 3¢ of the turbine blade 2 such that an jnner-most portion of the clamping
surface {with respect to the clamping member} is located further away from the tip of the

turbine blade and further towsrds the turbine member 4 than an outer-most portion of the

clamping surface.

The clamping member 300 has an annular projecting portion 304 providing a second
clamping surface 305 opposing the first clamping surface 303, The second clamping surface
305 is located on an opposite side of the turbine member 4 to the first clamping surface 303,
and engages an underside of the turbine member 4 to couple the clamping member to the
rurbine member. The clamping member 300 is held in position by the forces transferred
between the clamping member 300 and the peg 200, as described below. In other
embodiments the second clamping surface 305 may not be provided by annular ring 304 but
by one or more projections and/or recesses.  Alternatively, or additionally, the clamping
member 300 may be coupled to the turbine member 4 in some other way, for example by one
or more mechanical fasteners and/or other interlocking features. In other embodiments the
clamping member 300 may be integrally formed with the turbine member 4, as shown in

Figure 7.

The retaining member 400 is spaced apart from the wall and is located on the outside of the
ioop formed by the wall 100 (that is on the opposiie side of the wall t© the clamping member
3003, The retaining member 400 includes a stud 401 passing through the bore 203 in the peg
200 and a nut 402 coupled to a threaded portion of the stud. The nut 402 bears against a
portion of the peg 200 located on the same side as the first bearing surface 201 and opposile
the second bearing surface 202, As can be seen in Figures 3 and 4, the retaining member 400

and clamping member 300 enpage the peg 200 gt opposite end portions of the peg.



The stnd 401 may further include 2 second threaded portion for coupling the stud to the
turbine member. In other embodiments there may be multiple studs passing through one or
more bores through each peg. In other embodiments the retaining member may take some
other form, for example & component baving 2 bearing surface facing generally towards the

turbine member which engages the peg.

The first clamping surface 303 of the clamping member 300 engages the first bearing surface
201 of the peg 200, and the clamping member transfers a first foroe to the peg in a first
direction 1001 towards the turbine member 4, as shown in Figure 6. The nut 402 of the
retaining member 400 engages the peg 200 and the vetaining member transfers a sccond force
to the peg in a second direction 1002 towards the twbine member 4, The second bearing
surface 202 of the peg 200 engages the engagement surface 102 of the hole 101, thereby
transferring a third force to the root mounting portion 3z of the tarbine blades 3 in a third
direction 1003 towards the turbing member 4. In this way, the peg 200 urges the root
mounting portion 3a into engagement with the turbine member 4 and pre-toads the root
mounting portion in compression, thereby retaining the turbine blade 3 on the turbine
member, The first, second and third directions may each be angled with respect to sach
other, as shown in Figure 4, but in other embodimenis may be substantially paraliel, as shown

in Figure 7.

The nut 407 of the retaining member 400 is adjustable along the threaded portion of the stud
401 towards and away from the turbine member 4. The retaining member 400 may therafore
be tightened to increase the pre-loads in the root mousting portion 3a and in the retaining

mermber, and loosened to reduce the pre-loads.

The location at which the clamping member 300 engsges the peg 200 is separated from the
location at which the peg 200 engages the wall 100 by a first distance A, and the location at
which the peg 200 engagss the wall 100 is separated from the location at which the retaining
mermber 400 engages the peg 200 by a second distance B, s shown in Figure 6, The second
distance B is greater than the first distance A such that the clamping member 300 carries 2
greater load than the retaining member 400, thereby reducing the loading of the retaining
member such that smaller diameter studs and/or fewer mounting sssemblies are required. In
other embodiments the distance A may be greater than the distance B or the distances A and

B may be substantially equal.



The engagement surface 102 of the hole 101 and the complementary second bearing surface
202 of the peg 200 are subsiantially perpendicular to the wall 100 at the location of the hole,
such that the force transferred from the peg to the wall is aligned with the divection of the
wall. For a wall made from composite layers this is advantageous in order to avoid through-
thickness stresses in the wall, In other emabodiments these complementary bearing surfaces

may not be substantially perpendicular to the wall.

The engagement surface 102 of the hole 101 and the complementary second bearing surface
202 of the peg 200 are inclined at an acute sngle 1o a plane extending transversely {0 the
direction 1002 of the force transmitted to the peg by the retaining member (which is aligned
with the longitudinal direction of the stud 401). The foree transmitted to the peg 300 by the
retaining member 400 therefore acts to urge the peg inwardly into the hole 101, resisting any
tendency of the taper angle of the peg o push the peg outwards. The engagement surface 102
of the hole 101 and the complementary second bearing surface 202 of the peg 200 are also
inclined at an acute angle to the first bearing surface 201 of the peg and the first clamping
surface 303 of the clamping member 300, In other embodirsents the engagement surface 102
of the hole 101 and the complementary second bearing surface 202 of the peg 200 may be
substantially perpendicular to the force transmitted to the peg by the retaining member 400
and/or substantially paraliel to the first bearing surface 201 of the peg 200 and the first

clamping surface 303 of the clamping member 300, as shown in Figure 7.
The turbine assembly is assembled by the following steps:

a. Couple the clamping muember 300 to the tarbine member 4 (this step Is eliminated in
embodiments whers the clamping member is integrally formed with the turbine
member);

b. Position the root mounting portion 3a with respect to the turbine member 4 with the
end mounting surface 1002 engaging the complementary mounting surface 4a;

c. Insert the pegs 200 through the holes 101 until the first bearing surfaces 2101 engage
the clamping surfaces 303 and the second bearing surfaces 202 engage the
engagement surfaces 1025

4, Insert the studs 401 through the bores 203 formed in the pegs 200 and couple the

studs to the turbine member 4;
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e. Thread the nuts 402 onto the studs and tighien the nuis onto the upper surfaces of the
pegs 200, thereby securing the root mounting portion 3a to the turbine member 4 and
pre-loading the root mounting poriion in compression;

£ Adjust the nuts 402 to generate the required pre-loads in the studs 401 and in the root

mounting portion 3a,

The skilled person will appreciate that the above steps need not be carried out in the order in
which they are presented. For example, one or more pegs 200 may be jnserted through the

holes 101 before the root mounting portion 3a is positioned relative to the turbine member 4.
The turbine assernbly may be disassembled by reversing the above steps,

The root mounting portion 3a, turbine member 4 and mounting assembly § are arranged such
that the peg 200 may be inserted through the hole 101, the first bearing surface 201 brought
into engagement with the clamping surface 303 and the second bearing surface 202 brouglt
into engagement with the engagement portion 102 and the assembly secured together without
requiring access o the side of the wall 100 on which the clamping member 300 is located.
Therefore the turbine assembly and method described sbove do not requite access to the
inside of the root mounting portion 3a or the inside of the turbing hub 2 when assembhing,
adjusting and disassembling the turbine assembly, thereby increasing the ease and reducing

the cost of erecting, maintaining and decommissioning of the tarbine L.

The clamping surface 303 of the clamping member 300 and the first bearing surface 201 of
the peg 200 are arranged to allow relative movement between the peg and the clamping
member in an sxial direction of the peg. Relative movement between the peg 200 and the
clamping member 300 is substantially prevenied by friction at the mating surfaces when the
turbine assermbly is fully assembled with the retaining members 400 tightened. However, if
the retaining members 400 are loosened to reduce or eliminate the loading at the bearing
surfaces, the peg may be adjusted in #s axial direction. This may be done, for example,
during assembly, maintenance or disassernbly of the turbine. The movement may be sliding
movement while second bearing surface 201 remains in contact with the clamping surface
300, or alternatively the second bearing surface may be moved apart from the clamping

surface before or during axial movement of the peg.

Preferably the peg 200 is not attached directly to the clamping member 300 by any

mechanical fasteners or interlocking features so that it can be readily moved relative to the
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clamping member during assembly, maintenance and disassembly of the twbine assembly
without requiring access to the inside of the loop formed by the wall 100 {thet is the side of
the wall on which the clarmping member 300 is located). In other ambodiments one or more
mechanical fasteners and/or interlocking features may be employed at the interface between

the clamping surface 303 and the first bearing surface 201 of the peg.

Yartous other modifications will be apparent to those skilled in the art,
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CLAIMS

A turbine assembly comprising 2 turbine blade, a turbine member and g mounting
assembly: wherein the turbine blade comprises a root mounting portion having a wall
and 2 hole extending through a thickness of the wall, the hole being partially defined
by an engagement surface facing away from a root end of the turbine blade; wherein
the mounting assembly comprises a peg, a clamping member and & retaining member,
the clamping member and the retaining member being located on opposite sides of the
wall; wherein the clamping member and the retaining member are respechively
coupled to the turbine member and respectively coupled to opposite end portions of
the peg; wherein the peg extends through the hole and comprises first and second
opposed bearing surfaces, the first bearing surface engaging a clamping surface of the
clamping member and the second bearing surface engaging the engagement surface of
the hole.

A turbine assembly according to claim 1, wherein the wall extends in a closed loop.

A turbine assembly according to claim 2, wherein the clamping member is located on
an inside of the clased loop formed by the wall.

A turbine assembly according to claim 3, wherein the clamping member comprises an
anmular wall within the closed loop formed by the wall of the root mounting portion,
& turbine assembly according to any preceding claim, wherein the clamping surface
extends in a direction away from a longitudinal axis of the root mounting portion and
towards the wall of the root mounting portion.

A turhine assembly according to any preceding claim, wherein the clamping swrface is
generally inclined ai an acute angle to a plane extending iransversely to a longitudinal

axis of the root mounting portion,
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et
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6.

A turbine assembly according to claim 6, wherein the clamping surface i inclined
inwardly towards a centre of the root mounting portion and downwardly away from 2
tip end of the turbine blade.

& turbine assembly according to any preceding claim, wherein an inferface between
the clamping surface and the first bearing surface of the peg is fres of any interloclang
features.

& turhine assembly according to any preceding claim, wherein an interface between
the clamping surface and the first bearing surface of the peg is free of any mechanical
fasteners.

A turbine assembly according to any preceding claim, wherein the clamping surface
and the first bearing surface allow relative movement between the peg snd the
clamping member in an axial direction of the peg.

A tarbine assembly according to any preceding claim, wherein the clamping surface
and the first bearing surface may be moved towards each other into engagement or out
of engagement and away from each other.

A turbine assembly according to any preceding claim, wherein an interface between
the clamping surface and the first bearing surface is curved.

A turbine assembly according to claim 12, wherein the clamping surface is curved
about s longitudinal axis of the peg.

A turbine assembly according to claim 13, wherein the first bearing surface has a

curvature which corresponsis to the curvature of the clamping surface,

. A turbine assembly according to any preceding claim, wherein the clamping member

is formed as a separate part to the furbine member,
A turbine assembly according to claim 15, wherein the clamping member further

comprises a second clamping surface opposing the first clamping surface, wherein the

parendls.
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second clamping surface engages the turbine merber to thereby coupls the clamping
member to the turbine member.

A turbine assembly according o any preceding claim, wherein the retaining member
transmits a foroe to the peg in a direction towards the turbine member,

A turbine sssembly scoording to claim 17, whersin the retaining member is adjustable
in a divection towards the turbine member,

A turbine assembly according fo claim 17 or 18, wherein the refaining member

comprises a stud passing through a bore in the peg.

. A turhine assembly according to claim 19, wherein the bore is enlarged compared o

the stud and/or slotted with an increased dimension in a direction aligned with &
tongitudinal divection of the peg.

A turbine assembly according to claim 19 or 20, wherein the stud includes a helically
threaded pertion, wherein the retaining member further comprises an annular member
having a complementary helically threaded portion coupled to the helically threaded
portion of the stud, the annular member bearing against a surface of the peg.

A turbine assembly according to any of claims 17 to 21, wherein the location at which
the clamping member engages the peg is separated from the location at which the peg
engages the wall by a first distance, and the location at which the peg engages the
wall is separated from the location at which the refaining meniber engages the peg by

a second distance, the second distance being greater than the first distance.

. A turbine assembly according to any of claims 17 to 22, wherein the second bearing

surface of the peg is inclined at an acute angle o a plane extending transversely to the
direction of the force transmitted to the peg by the retaining member,
& turbing assembly according o any preceding claim, wherein the second bearing

surface of the peg is inclined at an acute angle to the first bearing surface.
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27,

28,

30
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A turbine assembly according to any preceding claim, wherein the second bearing

surface of the peg is substantially perpendicular to the wall at the location of the hole.

. A turbine assembly according to any preceding claim, wherein the second bearing

surface of the peg is curved about a longitudinal axis of the peg.

A turbine assembly according to any preceding olaim, wherein the peg is taller in a
direction aligned with & longitudingl axis of the root mounting portion than it is wide
in a direction perpendicular to the fongitudinal axis of the root mounting portion and

te & longitudinal direction of the peg.

. A turbine assernbly according to any preceding claim, wherein the peg comprises a

first end located on a first side of the wall and a second end located on a second side
of the wall, wherein the peg comprises a laper with an increasing dimension from the
first end towards the second end.

A turbine assembly according o any preceding claim, wherein the rool mounting
portion comprises an end mounting surface engaging a complementary mounting
surface of the turbine mermber,

A turbine assembly according to clabm 29, wherein the wall extends away from the
end mounting surface towards a tip end of the nubine blade at an acute angle to 2
longiiudingl axis of the root mounting portion,

A turbine assembly according to claim 29 or 30, wherein the end mounting surface is
inclined at an angle to 2 plane extending transversely to a longitudinal axis of the root

meaunting portion,

. A turbine assembly according to any preceding claim, wherein the root mounting

portion comprises & reinforced resin compuosite material.

. A turbine assembly according to claim 32, wherein the reinforeed resin composite

material comprises laminated layers of fibrous reinforcement material.

i
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35.

38.

39,

44,

A turbine assembly according to claim 32 or 33, wherein at least some of the
laminated layers of fibrous reinforcement material extend continnously out from the
root mounting portion of the turbing blade into a main body portion of the furbine
blade outhoard of the root mounting portion.

A turbine assembly according to any preceding claim, wherein the wall comprises a
plurality of holes spaced apart from each other along a width of the wall, wherein the
turbine assembly comprises a plurality of mounting assemblies, each mounting
assembly including a peg passing through a respective one of the plarality of holes,

A turbine assembly according to claim 35, wherein a plurality of pegs located within a

respective plurality of holes sach engage a common clamping member.

7. A turbine assembly according (o any preceding claim, wherein the turbine member is

soupled to a rotatable hub, or is a rotatable hub or a part of a rotatable hub.

. A turbine comprising one or more urbine blades, wherein the or each turbine blade 13

coupled to a tarbine member by a turbine assembly according to any preceding claim.
A turbine according to claim 38, wherein the turbine is a water-driven turbine or an
atr-driven turbine.

A kit of parts for a turbine assembly, the kit comprising a turbine blade root mounting
portion and 2 mounting assembly; wherein the root mounting portion has & wall and a
hole extending through a thickness of the wall, whersin the mounting assembly
comprises a peg and a clamping member; wherein the peg is adapted lo extend
through the hole and comprises first and second opposed bearing surfaces, wherein
the first bearing surface is adapted to engage a clamping surface of the clamping
member and the second bearing surface is adapted to engage an engagement surface

of the hole: wherein the peg is adapted to be coupled to a retaining member located on

8



41,

43,

44,

43,

an oppasite side of the wall to the clamping member with the clamping member and
the retaining member respectively coupled (0 opposite end portions of the peg.
A kit according to claim 40, wherein the root mounting portion is integrally formed

with or adapted to be attached to 2 main body of 2 furbine blade,

. A kit according to claim 40 or 41, further comprising a turbine member, wherein the

root mounting portion is adapted o engage the turbine member, wherein the peg is
adapted to urge the root mounting portion inio engagement with the turbine member
and to pre-load the root mounting portion in compression

A kit according to any of claims 40 to 42, further comprising a retaining mernber
adapted o be located on an opposite side of the wall to the clamping member.

A kit according o claim 43, wherein the retaining member is adapted to transmit a
foree to the peg in g direction towards the turbine member,

A method for assembling a turbine assembly, the method comprising the steps of

a. Providing a clamping member coupled fo a turbine member;

b, Pesitioning a root meunting portion of a turbine blade with respect o the
turbine member, the root mounting portion having a wall and a hole extending
through 2 thickness of the wall, the hole being partially defined by an
engagement surface facing away from a root end of the root mounting portion;

. Inserting a peg through the hole, the peg having a first bearing surface and an
opposed second bearing surface;

4. Bringing the first hearing surface of the peg into engagement with a clamping
surface of the clamping member and bringing the second bearing surface of
the peg into engagement with the engagement surface of the hole;

e, Securing the peg using a retsining member located on an opposite side of the

wall o the clamping member,
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