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(54) CONNECTOR ASSEMBLY FOR AFFIXING TWO TUBULAR MEMBERS

(57) The invention relates to a connector assembly
(1) for affixing an upper tubular member (2) to a lower
tubular member (12) in an upright configuration, and also
to a bladed fluid flow electrical generator comprising such
a connector assembly. The connector assembly (1) com-
prises a first connector portion (20) having a ring (24)
with a first mounting portion (17) and a second connector
portion having a collar (26) with a second mounting por-
tion (19). One mounting portion is for affixing to an upper
end (3) of the lower tubular member and the other is for
affixing to a lower end (7) of the upper tubular member.
The ring extends around a ring axis (28) and comprises
a radially outwardly directed flange (40). The collar ex-
tends around a collar axis (30) and has a clamping portion
(45) with a plurality of clamping modules (34). A lip (44)
extends radially inwardly from the clamping portion which
has an opening (32) for receiving the ring in a substan-

tially coaxial orientation with the flange (40) in abutting
contact with the lip (44). The clamping portion has a plu-
rality of radially extending apertures (68) that are spaced
apart from each other around a circumference of the
clamping portion. Each clamping module comprises a
housing (50), a clamping member (36) and a clamping
actuator (33), the clamping member being movably held
within the housing and being configured to drive the
clamping member. Each housing (50) is separately af-
fixed to the clamping portion (45) of the collar at a corre-
sponding aperture (68) so that when the clamping mem-
bers (36) are driven by the clamping actuators (33), the
clamping members move radially inwards through the
apertures towards the ring (24) to clamp the flange (40)
between the lip (44) and the clamping members (36) to
secure the ring within the collar.
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Description

BACKGROUND

a. Field of the Invention

[0001] The invention relates to a connector assembly
for affixing an upper tubular member to a lower tubular
member in an upright configuration of said tubular mem-
bers. In particular, the invention relates to a bladed fluid
flow electrical generator comprising such a connector as-
sembly.

b. Related Art

[0002] Offshore wind turbine towers typically have an
upper main tower with a tubular body, the lower end of
which has a flange to which is welded a tubular transition
piece that extends downwards from the tubular body for
connection to a tubular base of a lower supporting struc-
ture. When the water is relatively shallow, for example
of the order of 10 m to 20 m, the lower supporting structure
may be a single tubular pile drilled or driven into the sea-
bed. A hollow cylindrical transition piece is attached at
the lower end of the main tower, for example by slotting
over the upper end of the pile, which therefore provides
the tubular base. Alternatively, when the water is deeper,
the lower supporting structure may include a framework
structure formed from a lattice of structural members sup-
ported by a number of seabed piles and terminated at an
upper end by a tubular member that forms the tubular
lower base structure for the turbine tower.
[0003] When the upper tubular tower is to be connect-
ed to the tubular base of the lower supporting structure,
the tubular transition piece, which has an inner diameter
greater than the outer diameter of the tubular base, is
inserted over the tubular base. Typically, the drilled or
driven pile is installed with its axis aligned to within 0.5°
of vertical.
[0004] In general, wind velocity is higher at points fur-
ther above the surface of the land or water than at points
closer to the surface of land or water owing to decreased
surface aerodynamic drag by land or water surfaces.
Therefore, there is an advantage in maximising the height
at which wind turbine blades operate. The tallest wind
turbines have an upper main tower more than 100 m in
height. At a height of 100 m, a misalignment of 0.5° of
the main tower with respect to vertical will result in a tilt
of about 90 cm from vertical at the top of the upper main
tower. Such a lean will add to the moment loads to be
applied to the foundations of the wind turbine. To com-
pensate for this amount of misalignment, it then becomes
necessary to increase the strength of the main tower and
lower supporting structure and foundations. Ideally the
tower needs to be as close to vertical as possible to en-
sure even loading on the tower and turbine.
[0005] Therefore, in order to permit adjustment of the
axial alignment between the tubular body of the upper

main tower and the lower tubular base, it is known to
provide a clearance gap between the outer tubular tran-
sition piece and the inner tubular base. The gap allows
a certain degree of movement between the tubular body
of the main tower and the tubular base prior to these
being fixed in place with respect to each other, and also
accommodates the fact that such tubular members,
which may be around 6 m in diameter, may be slightly
oval with a deviation from circularity of up to about 6
1.5% and with a tolerance on nominal diameter of about
6 1.0%.
[0006] The transition piece, which may weigh 200
tonnes, is suspended by a crane, and then the orientation
of the transition piece is adjusted until this is sufficiently
close to vertical. The orientation and spacing between
the transition piece and the tubular base is then set by
internal pads and jacks inside the gap at the top of the
pile and then fixed in place with a high quality epoxy grout
inserted between the outer wall of the pile and the inner
wall of the tubular transition piece. The grout may take
about one week to cure.
[0007] A number of problems have been noted with
this alignment and setting procedure.
[0008] It takes time for the grout to set, during which
the main transition piece has to be kept carefully in place
sitting on the jacks and the jacks are then later removed,
all of which proves to be very time consuming and ex-
pensive. Furthermore, the grout interface has in some
cases shown a tendency over time to break up, resulting
in an insecure foundation and expensive remedial work.
[0009] A solution to these problems has been pro-
posed in EP 2441955 A1, which concerns a connector
assembly for joining an upper main tower to a lower base
structure. The connector assembly comprises a first con-
nector portion in the form of a ring and a second connector
portion in the form of a collar which receives the ring.
One connector portion is affixed to the main tower and
the other connector portion is affixed to the base struc-
ture. The collar has clamps built in to the collar which
engage with a flange that extends outwardly around the
ring. The ring and collar include surfaces permitting tilt
adjustment of the connector portions prior to engagement
of the clamps, thereby allowing the tilt angle to be set.
[0010] A problem with such prior art assemblies is that
the provision of the necessary tilt adjustment surfaces
and clamping means makes the connector portions very
complex. Additionally, the connector portions are often
in the region of 3 m to 6 m in diameter. It is time consuming
and inconvenient to have to machine, drill and mill such
very large components to provide the necessary fea-
tures. The manufacture of these components is, there-
fore, difficult and expensive.
[0011] It is an object of the present invention to provide
an improved connector assembly for affixing an upper
tubular member to a lower tubular member in an upright
configuration of the joined tubular members, particularly
when the connector assembly is for connecting relatively
large diameter (e.g. 3 m or more in diameter) tubular
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components such as those used to support a bladed fluid
flow electrical generator.

SUMMARY OF THE INVENTION

[0012] According to a first aspect of the invention, there
is provided a connector assembly for affixing an upper
tubular member to a lower tubular member in an upright
configuration of said tubular members, the connector as-
sembly comprising a first connector portion and a second
connector portion, the first connector portion having a
first mounting portion and the second connector portion
having a second mounting portion, one of said mounting
portions being for affixing at an upper end of said lower
tubular member and the other of said mounting portions
being for affixing at a lower end of said upper tubular
member, the first connector portion comprising a ring,
the ring extending around a ring axis and comprising a
radially outwardly directed flange, and the second con-
nector portion comprising a collar and a plurality of clamp-
ing modules, the collar extending around a collar axis
and comprising a clamping portion and a radially inwardly
directed lip, wherein:

- the clamping portion of the collar has an opening for
receiving the ring whereby the ring may, in use, be
received within the collar in a substantially coaxial
orientation with the flange in abutting contact with
the lip;

- the clamping portion of the collar has a plurality of
apertures, each aperture extending through said
clamping portion in a radial direction and said aper-
tures being spaced apart from each other around a
circumference of said clamping portion;

- each clamping module comprises a housing, a
clamping member and a clamping actuator, said
clamping member being movably held within said
housing and said clamping actuator being config-
ured to drive said movement of the clamping mem-
ber; and

- each of said housings is separately affixed to the
clamping portion of the collar at a corresponding one
of said apertures whereby each clamping member
when driven by the clamping actuator moves radially
inwards through said corresponding aperture to-
wards the ring received within the collar whereby
said flange is clamped between the lip and said
clamping members in order to secure the ring within
the collar.

[0013] According to a second aspect of the invention,
there is provided an assembly of an upper tubular mem-
ber and a lower tubular member, said tubular members
being joined together by a connector assembly, said con-
nector assembly being according to the first aspect of
the invention.
[0014] In preferred embodiments of the invention, each
aperture extends from a radially inner surface of the collar

to a radially outer surface of the collar.
[0015] Each one of the actuators is preferably posi-
tioned radially outwards of the collar and is configured to
drive the clamping member radially inwardly through a
respective aperture.
[0016] In preferred embodiments of the invention, a
main portion of the housing extends radially away from
a radially outer surface of the clamping portion of the
collar and each housing extends through the respective
aperture in the collar clamping portion.
[0017] Preferably, the lip extends radially inwardly from
the clamping portion.
[0018] Each of the housings may have a mount that is
in abutting contact with a radially inwardly directed fea-
ture of the collar clamping portion, this abutting contact
securing the housing against radially outward movement
of the housing.
[0019] In a preferred embodiment of the invention,
each mount includes a first mounting surface and each
mounting feature of the clamping portion of the collar is
a second mounting surface, said first and second mount-
ing surfaces being in contact with each other and coop-
erating so as to transfer forces from each housing to the
collar clamping portion when each of the respective
clamping members is engaged with the ring to clamp the
flange.
[0020] The housing may comprise a main body, in
which case the housing mount may be provided by a
projection from the main body of the housing. This pro-
jection preferably extends laterally to a direction of motion
of the clamping member.
[0021] The mounting feature of the collar is preferably
an inwardly directed surface inside the aperture. When
the aperture is substantially circular, the mounting feature
will be directed radially inwards relative to a central axis
of the aperture.
[0022] In preferred embodiments of the invention, this
inwardly directed surface is a shoulder in a side wall of
the aperture. The shoulder may extend around a periph-
ery of the aperture.
[0023] In preferred embodiments of the invention, the
projection and shoulder have matching annular shapes.
[0024] Each housing when affixed to the clamping por-
tion of the collar may have an end which is substantially
flush with a radially inner surface of the clamping portion.
[0025] Each housing may comprise a first passageway
and a second passageway, the movement of the clamp-
ing member being guided by the first passageway, and
the clamping actuator being movably held in the second
passageway, and the second passageway intersecting
the first passageway.
[0026] Each clamping module may be welded to the
collar clamping portion.
[0027] In general, the flange extends radially outwardly
from a main or inner portion of the ring and has opposite
first and second sides, each side extending in a direction
that is transverse to the ring axis.
[0028] The flange may have a first alignment surface
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and the lip may have a second alignment surface.
[0029] The alignment surfaces may permit relative tilt
adjustment between the ring axis and the collar axis prior
to clamping of the flange. These alignment surfaces may
be in contact along a part spherical interface.
[0030] Alternatively, the alignment surfaces may per-
mit the setting of just one relative angle of the ring axis
relative to the collar axis prior to said clamping of the
flange. In this case, the alignment surfaces are in contact
along a flat interface. The relative angle may be zero, i.e.
with the axes being collinear.
[0031] In preferred embodiments of the invention, the
first and second alignment surfaces transfer the weight
of the tower to the lower base structure.
[0032] The clamping modules are preferably spaced
apart from one another around the circumference of the
collar.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The invention will now be further described, by
way of example only, and with reference to the accom-
panying drawings, in which:

Figure 1 is a view of a first type and a second type
of turbine tower assembly for generating electric
power from the wind, each type comprising a con-
nector assembly according to a first preferred em-
bodiment of the present invention, the connector as-
sembly having a collar joined to an upper tubular
main tower and a ring joined to a lower tubular sup-
porting base;

Figure 2 is a perspective view of the connector as-
sembly of Figure 1 fully assembled, showing how
the collar has around its circumference a plurality of
separate clamping modules, each with a housing
that extends radially away from a clamping portion
of the collar;

Figure 3 is a side view of the connector assembly of
Figure 2;

Figure 4 is a cross-sectional view of the connector
assembly along the line IV-IV of Figure 3;

Figure 5 is a detailed cross-sectional view of a part
of the connector assembly of Figure 4, showing how
the ring has an outwardly directed flange that is
clamped between an inwardly directed lip of the col-
lar and an inwardly movable clamping member that
is housed inside the housing;

Figure 6 is an exploded view of components forming
the clamping module, with a main portion of the hous-
ing being connected to the clamping portion of the
collar;

Figure 7 is a perspective view showing how the main
portion of the housing is assembled with a corre-
sponding aperture through the collar clamping por-
tion;

Figure 8 is a cross-sectional view showing the main
portion of the housing seated in the collar aperture;

Figure 9 is a cross-sectional view of the collar, prior
to assembly of the collar clamping modules to the
clamping portion of the collar;

Figure 10 is a cross-sectional view of the ring, show-
ing how the lip projects outwardly from an inner band
of the ring;

Figure 11 is a cross-sectional view of a drive member
of the clamping module of Figure 6, showing a pre-
ferred geometry of a drive member;

Figure 12 is a cross-sectional view of a driven clamp-
ing member of the clamping module of Figure 6,
showing a preferred geometry of the clamping mem-
ber;

Figure 13 is a view of a third type of turbine tower
assembly for generating electric power from flowing
water, comprising a submerged water turbine having
a connector assembly according to a second pre-
ferred embodiment of the present invention, this con-
nector assembly having a collar joined to an upper
tubular member and a ring joined to a lower tubular
supporting member;

Figure 14 is an exploded view of the connector as-
sembly of Figure 13, showing the components form-
ing one of a plurality of clamping modules spaced
apart around the collar, a guide assembly to aid as-
sembly of the collar to the ring and a secondary re-
lease ring for pulling the collar away from the ring;

Figure 15 is a cross-sectional view of the connector
assembly of Figure 14, in an assembled configura-
tion;

Figure 16 is a cross-sectional view of the collar of
Figure 14, prior to assembly of the collar clamping
modules to a clamping portion of the collar;

Figure 17 is a cross-sectional view of a drive member
of the clamping module of Figure 14, showing a pre-
ferred geometry of a drive member;

Figure 18 is a cross-sectional view of a driven clamp-
ing member of the clamping module of Figure 14,
showing a preferred geometry of a clamping mem-
ber;
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Figure 19 is a cross-sectional view of a part of a
preferred embodiment of the connector assembly of
Figure 13, before the collar is lowered to surround
the ring, showing in particular a guide post and a
socket for alignment of the collar and ring;

Figure 20 is a cross-sectional view of the connector
assembly of Figure 19, showing the collar and ring
assembled and the guide post engaged in the sock-
et; and

Figure 21 is a detailed cross-sectional view of the
guide post and socket of Figure 20 showing a gap
between the guide post and socket.

DETAILED DESCRIPTION

[0034] A first embodiment of the invention is illustrated
in Figures 1 to 12. Figure 1 shows two different types of
turbine tower assemblies 10, 110 standing in a body of
water 9, 109, for generating electric power from the wind.
[0035] A second embodiment of the invention is illus-
trated in Figures 13 to 21. Figure 13 shows a third type
of turbine tower assembly 210, submerged in a body of
moving water 209, for generating electric power from the
tide or river flow.
[0036] Although not illustrated, the invention is also ap-
plicable to wind turbine assemblies on dry land. All such
turbine assemblies that extract renewable energy from
a freely flowing medium, whether of the horizontal or ver-
tical axis type, are referred to herein as "fluid flow elec-
trical generators".
[0037] In each of the illustrated embodiments, a lower
base structure 4, 104, 204 stands on a bed 11, 111, 211
of a body of water 9, 109, 209, for example supported on
piles 8, 108, 208 driven into the seabed 111, 111 or river
bed 211.
[0038] The first preferred embodiment of the invention
provides a connector assembly 1 for affixing an upper
tubular member 2 providing a main tower to a lower tu-
bular member 12, 112 of a base structure 4, 104. The
tower 2 supports a horizontal-axis wind turbine generator
6.
[0039] The invention is suitable for use in a variety of
situations. For example, when the seabed 11 is relatively
shallow, the lower base structure 4 may be formed from
a single tubular body or member 12 that also provides a
tubular pile 8 that is driven into the seabed.
[0040] The invention is also suitable for use when the
seabed 111 is relatively deeper. In this case, the turbine
tower assembly 110 is supported by a lower base struc-
ture 104 comprising a lattice framework structure 113
that is anchored to the bed 111 by at least three and
preferably four piles 108. The lower base structure 104
also comprises the lower tubular member 112 of the sec-
ond embodiment of turbine tower assembly 110. This
lower tubular member 112 is supported by the lattice
framework structure 113 and extends upwards from an

upper end 5 of the latticework framework structure.
[0041] Each of the lower tubular members 12, 112
therefore provides a base support for the respective up-
per tubular member 2.
[0042] Although not illustrated, the invention is also ap-
plicable in deeper water applications, in which the turbine
tower assembly has a lower tubular member supported
by a submerged buoyancy module that is tethered by
lines to the sea bed.
[0043] In use, each connector assembly 1 can support
the weight of a typical wind turbine generator, currently
up to 1,400 tonnes, when clamped to the tubular sup-
porting member 12, 112, which in this example is approx-
imately 6 m in diameter. The connector assembly 1 can
also accommodate a deviation from circularity in such a
tubular supporting member which may, for example, be
up to about 6 1.5% and with a tolerance on nominal
diameter of about 6 1.0%.
[0044] Figures 2 to 12 show in more detail the compo-
nents making up the connector assembly 1. The connec-
tor assembly 1 is typically formed primarily from steel and
comprises a first connector portion 20 and a second con-
nector portion 22. The first connector portion 20 has at
one axial end 21, which in this example is a lower end,
a first mounting portion 17 that is configured to be affixed
at an upper end of the lower tubular member. In this ex-
ample, the first mounting portion 17 is welded or other-
wise connected at a seam 15, to an upper circular end 3
of the lower tubular member 12, 112.
[0045] The second connector portion 22 has at one
axial end 31, which in this example is an upper end, a
second mounting portion 19 that is configured to be af-
fixed at a lower end of the upper tubular member. In this
example, the second mounting portion 17 is welded or
otherwise connected at a seam 25 to lower circular end
7 of the upper tubular member 2. In embodiments in
which the connections are formed by welds, the welds
may be facilitated by a taper, a flange or some other
features at the weld interface.
[0046] As shown most clearly in Figure 10, the first
connector portion 20 is formed from a tubular section in
the form of a ring that provides a seat 38 on one side of
a connector interface. As will be described in more detail
below, this side of the connector interface includes a
spherically convex annular surface 42 that faces out-
wards towards the second connector portion 22.
[0047] The second connector portion 22 is formed from
a tubular section in the general form of a ring that provides
an abutment 46 for the other side of the connector inter-
face. As will be described in more detail below, this side
of the connector interface includes a concave annular
surface 48 that faces inwards towards the convex annular
surface 42 of the first connector portion 20. The radii of
curvature of these annular surfaces are the same.
[0048] When the first and second connector portions
20, 22 are brought together, the abutment 46 interfaces
with and sits down on the seat 38 to provide for angular
adjustment between the first and second connector por-
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tions 20, 22 to provide accurate adjustment for verticality
of the upper tower, which will also be when the lower end
7 of the main tower is level.
[0049] The first connector portion 20 comprises a gen-
erally circular ring 24 and the second connector portion
22 comprises a generally circular collar 26 for receiving
the ring in a substantially co-axial orientation. In this ex-
ample, the ring 24 is a unitary or one-piece component
and therefore the first connector portion 20 consists sole-
ly of the ring. Both the ring and collar have outermost and
innermost prevailing profiles or surfaces that have a cy-
lindrical symmetry. As shown most clearly in Figure 10,
the ring 24 has a flange 40 which extends outwards from
a main band or inner band 41 that extends fully around
the inner circumference of the ring, between opposite
axial ends 21, 29 of the ring. The flange 40 therefore
extends radially outwardly from the main band 41 of the
ring. The flange 40 and the first mounting portion 17 are
directly adjacent one another in an axial direction.
[0050] As shown in Figure 9, the collar 26 has a clamp-
ing portion 45 and a lip 44 that extends or projects radially
inwardly from the clamping portion of the collar. The lip
44 and clamping portion 45 are directly adjacent one an-
other in an axial direction.
[0051] Both the ring 24 and the collar 26 are substan-
tially circular or annular in shape such that the ring defines
or extends around a ring axis 28, and the collar defines
or extends around a collar axis 30. The clamping portion
45 of the collar also has an opening 32 at one axial end
39 of the collar, which in this example is a lower end for
receiving both the entire ring including the flange 40 of
the ring 24 within the clamping portion. Preferably, this
is after said affixing of both connector portions to respec-
tive ones of the tubular members. As such, when the first
and second connector portions 20, 22 are engaged with
each other, at least the clamping portion 45 of the collar
26 surrounds the ring 24. The second connector portion
22 further comprises a plurality of clamping modules 34
affixed to the clamping portion of the collar, each clamp-
ing module being spaced apart or separate from the other
clamping modules.
[0052] As shown in Figure 4, the ring and the collar
may be clamped together such that the ring axis 28 and
collar axis 30 are collinear; however, the connector as-
sembly 1 is configured to allow the alignment of these
two axes 28, 30 to be varied within about 1.5° of each
other in any direction so that any tilt of the tubular base
support 12, 112 away from vertical within these limits can
be accommodated to achieve a vertical orientation of the
main tower 2.
[0053] The ability to compensate for this amount of
misalignment is provided by a pivot interface between
the first and second connector portions 20, 22 provided
by the seat 38 and abutment 48. The flange 40 extends
radially outwardly from an axial end 29 of the ring 24
opposite the end 21 having the connector portion 17. The
convex annular surface 42 of the seat 38 provides a first
alignment surface that extends from the main inner por-

tion 41 of the ring in a direction that is transverse to the
ring axis 28. The convex annular surface, therefore, faces
both radially away from the ring axis 28 and in one axial
direction towards the second connector portion 22. This
curved surface 42 therefore provides a taper on one side
of the flange 40.
[0054] The lip 44 of the collar 26 extends radially in-
wardly around the upper edge 31 of the collar 26. The
convex annular surface 48 of the abutment 46 provides
a second alignment surface extends from the clamping
portion 45 of the collar in a direction that is transverse to
the collar axis 30. This concave annular surface therefore
faces both radially towards the collar axis 30 and in one
axial direction towards the first connector portion 20.
[0055] When the first and second connector portions
20, 22 are engaged with each other, the second align-
ment surface 48 of the abutment 46 contacts the first
alignment surface 42 of the seat 38, such that the collar
26 is seated on the ring 24. In this position the radius of
curvature of the second alignment surface 48 is centred
on the same point as that of the first alignment surface
42. Until clamped by a clamping member 36, which will
be described in more detail below, the contact between
the seat 38 and the abutment 46 is, therefore, along an
interface which acts similarly to that of a ball and socket
joint and which permits tilt adjustment of the ring axis 28
and collar axis 30.
[0056] In use, the contact of the abutment 46 with the
seat 38 serves to transfer the weight of the main tower
2 to the tubular base support 12, 112 and base structure
4, 104. Once adjusted for the correct tilt alignment, the
angular orientation of the ring 24 within the collar 26 is
set using the clamping members 36 provided by the
clamping modules 34.
[0057] Each of the clamping modules 34 comprises a
housing 50 that is secured to the collar 26. As shown
most clearly in Figures 5 to 8, the housing 50 comprises
a main body portion in the form of generally cylindrical
hollow body 52 having opposing first and second ends
54, 56. A projection in the form of an annular flange 58
extends outwardly around the main body 52 at the first
end 54 to provide a mount in the form of a first mounting
surface 75. A first passageway or bore 60 extends
through the body 52 from the first end 54 to the second
end 56. A second passageway or bore 62 extends
through the body between a first side 64 of the body 52
and a second side 66, in a direction substantially perpen-
dicular to an axis 61 of the first bore 60. The second bore
62 therefore has an axis 63 that intersects the first bore
60 at a right angle.
[0058] The housing 50 is received in an aperture 68
formed in the collar 26. The aperture 68 extends through
the collar from a radially inner surface 70 of the collar
clamping portion 45 to a radially outer surface 72 of the
collar clamping portion. In this embodiment the aperture
is circular and the first end 54 of the housing is a flat
annulus which is substantially flush with the adjacent cy-
lindrical inner surface 70 of the collar clamping portion.
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A side wall 74 of the aperture 68 includes around its pe-
riphery a shoulder 76, providing an inwardly directed sec-
ond mounting surface, such that a diameter of a first part
78 of the aperture 68 proximate the inner surface 70 is
greater than a diameter of a second part 80 of the aper-
ture 68 proximate the outer surface 72 of the collar 26.
[0059] To secure the housing 50 to the collar 26, the
housing 50 is inserted, second end 56 first, through the
aperture 68 in a direction 69 from the inner surface 70
towards the outer surface 72 of the collar 26. The body
52 and flange 58 of the housing 50 are sized such that
the first mounting surface 75 of the flange 58 engages
with and comes into abutting contact with the second
mounting surface 76 provided by the shoulder 76 of the
aperture wall 74. The co-operation of the flange 58 with
the shoulder 76 prevents the housing 50 being pushed
fully through the aperture 68 in a radially outwards direc-
tion 69 from the inner surface 70 towards the outer sur-
face 72 of the collar 26. The housing 50 is thereby se-
cured in an orientation in which the axis 61 of the first
bore is perpendicular to the collar axis 30 and in which
the axis 63 of the second bore 62 is parallel to the collar
axis 30.
[0060] Once the housing 50 is fully engaged in the ap-
erture 68, with the flange 58 in touching contact with the
outer portion 78 of the aperture and with the body 52
protruding from the outer surface 72 of the collar clamping
portion 45, the housing 50 is secured to the collar 26.
Preferably the body 52 and aperture 68 are sized such
that a tight seam 79 is formed between the body 52 and
the wall 74 of the aperture 68. The housing 50 is then
preferably welded to the collar 26 around the seam.
[0061] Each clamping module 34 comprises a clamp-
ing member 36, which in this example is a moveable
clamping block or clamping dog, which is slideable within
the first bore 60 of the housing main body 52 in a radial
direction towards or away from the collar axis 30. The
first bore 60 has a cross-sectional shape or profile and
the moveable clamping member 36 has a cross-sectional
shape or profile that closely matches this profile such that
the clamping member moves with a close sliding fit along
the axis 61 of the first bore 60. In this example, this cross-
sectional shape or profile of the clamping member 36 is
cylindrical, and the first bore 60 has a matching cylindrical
profile so that the clamping member 36 is constrained to
move along the first bore axis 61. The first bore and
clamping member may, however, have any matching
profile. A first end 84 of the clamping member, closest to
the collar axis 30, has a chamfered surface 86, for en-
gagement with the flange 40 of the ring 24, as described
further below. A second end 88 of the clamping member
has an inclined surface 90, as shown most clearly in Fig-
ure 12. The clamping module 34 also comprises a clamp-
ing actuator 33 for providing a driving force to the clamp-
ing member 36, whereby the clamping member may be
driven to engage with the ring. In this example, the clamp-
ing actuator comprises a second movable member 35
and a force applicator 37 arranged to drive and move the

second movable member in a linear direction that is at
right angles to the first passageway or bore 60.
[0062] The second bore 62 holds the second movable
member which acts as a drive member or drive dog 35.
In this example, the drive member 35 has the shape of
a wedge with two opposite flat sides 71, 73 that extend
between an inclined side 96 and an opposite cylindrically
curved side 94 as shown most clearly in Figures 6 and
11. The second bore 62 has a matching profile such that
the drive member 35 is constrained to move along the
second bore axis 63. The second bore and drive member
may, however, have any matching profile.
[0063] In use, the inclined surface 96 of the second
movable member is in sliding contact with the inclined
surface 90 of the clamping member 36. The second mov-
able member therefore acts as a wedge.
[0064] Both the second movable member 35 and
clamping member 36 are preferably machined from steel.
[0065] The force applicator 37 is connected to the sec-
ond movable member 35 and arranged to move the sec-
ond movable member in opposite first and second axial
directions along the axis 63 of the second bore 62. The
force applicator 37 in this example is mechanical, com-
prising a bolt 82 threaded into a bore 83 in the second
movable member 35.
[0066] The bolt 82 extends laterally away from the first
bore axis 61 in a direction parallel with the second bore
axis 63 beyond the bounds of the housing main body 52,
and the drive member 35 also extends in an opposite
direction parallel with the second bore axis 63 beyond
the bounds of the housing main body 52. Therefore, to
protect these components, the housing 50 comprises a
pair of hollow cylindrical ends caps 53, 55 that are re-
movably bolted to the housing main body 52. The housing
also comprises a disc-like end cap 57 that closes the first
bore 60. One of the cylindrical end caps 53 has a tapped
hole 59 though which the bolt 82 is engaged.
[0067] During assembly of the connector portions 20,
22, the protruding end of the bolt 82 is pulled 81 by a
tensioning tool (not shown) to drive the clamping member
radially inwards towards the ring 24. The bolt is then se-
cured in position by a lock nut 85 that is tightened on the
bolt against the cylindrical end cap 53. The tensioning
tool used to tension the bolt may be a hydraulic running
tool that incorporates hydraulic cylinders and nut runners
that simultaneously apply a tensile force to a rod con-
nected to the drive member 35. Once a pre-defined load
has been reached, one or more lock nuts 85 are then
tightened to lock the drive member 35, and therefore the
clamping member 36, in position.
[0068] Alternatively, the force applicator may comprise
integral hydraulic cylinders. The clamping members 36
may alternatively be mechanically locked by other
means, for example, threaded bolts or studs.
[0069] Activating the force applicator 37 to drive the
drive member 35 in an axial direction causes the clamp-
ing member 36 to move radially due to the contact of the
oppositely inclined surfaces 90, 96. In this way the drive
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member 35 functions as a cam block driving or allowing
the clamping member 36 to move radially inwards and
outwards, towards and away from the collar axis 30, re-
spectively.
[0070] In particular, the contacting surfaces 96, 90 of
the drive member 35 and clamping member 36 are in-
clined in the same direction with respect to the direction
of motion of the drive member 35, such that when the
drive member is moved in an upwards axial direction, the
clamping member 36 is forced through the bore 60 in a
radially inwards direction. Due to the position of the hous-
ing main body 52 in the collar 26, as the clamping member
36 moves radially inwards it extends through the aperture
68 in the collar clamping portion 45 and protrudes into
the opening 32 of the collar 26. In this way the clamping
member 36 is brought into clamping engagement with
the ring 24. In particular, the clamping member 36 en-
gages with a clamping surface 43 provided on the ring
24. The clamping surface 43 is provided on the flange
40 and is oppositely inclined with respect to the first align-
ment surface 42, such that the opposite upper and lower
sides of the flange taper together as the flange extends
radially away from the ring axis 28. The oppositely in-
clined flange surfaces 42, 43 are preferably separated
by a cylindrical band 47 that extends parallel with the ring
axis 28.
[0071] During the clamping process the drive member
35 is prevented from moving in an outwards radial direc-
tion by the housing 50 and so provides a restoring force
to any resistance encountered by the movement of the
clamping member 36. Additionally, the engagement of
the flange 58 of the housing main body 52 with the shoul-
der 76 means that the housing 50 is not pushed out of
the collar 26 by the clamping force exerted by the clamp-
ing member 36 on the ring 24.
[0072] As shown most clearly in Figure 9, the collar 26
includes a plurality of apertures 68 spaced apart around
the circumference of the collar clamping portion 45 for
receiving a corresponding plurality of clamping modules
34. Preferably, the apertures are equally spaced apart
from each other. Each one of the housings 50 of the
clamping modules 34 is received in a respective one of
the apertures 68 as described above. Preferably the sec-
ond connector portion 22 comprises between about ten
and twenty clamping modules 34.
[0073] When the clamping members 36 are engaged
with the ring 24 the chamfered surface 86 of each of the
clamping members 36 contacts the clamping surface 43
of the ring 24. The flange 40 of the ring 24 is, therefore,
clamped or gripped between the plurality of clamping
members 36 and the lip 44 of the collar 26 in order to
secure the ring within the collar, as shown in Figure 5.
[0074] To adjust and maintain the required tilt angle
between the main tower 2 and the tubular base support
12, 112, an installation crane (not shown) initially sup-
ports the majority of the tower weight. Clamping mem-
bers 36 on opposite sides of the connector assembly 1
are then actuated to adjust the tilt angle of the collar axis

30 relative to the ring axis 28. By driving the clamping
members 36 on one side inwards by a greater distance
than on the opposite side, the first and second alignment
surfaces 42, 48 slide over each other, thereby tilting the
collar 26 with respect to the ring 24. Once the correct tilt
angle has been achieved to bring the main tower 2 to
vertical, the remainder of the clamping members 36 can
be brought into clamping engagement with the ring 24 to
secure or fix the position of the connector assembly 1.
[0075] By forming the clamping modules 34 separately
from the rest of the collar 26, the manufacture of the sec-
ond connector portion 22 is substantially easier and less
expensive than in prior art connectors. In particular, the
collar clamping portion 45 and lip 44 may be formed in
one piece from a forged or cast tubular section, in a similar
way to the ring 24. Only minimal machining of the collar
26 may then be necessary to form the plurality of aper-
tures 68 around the circumference of the collar clamping
portion 45. The clamping modules 34 are each formed
separately and then assembled together with the collar
clamping portion. This means that it is not necessary to
form the intersecting bores for receiving the clamping
means within the collar itself. This reduces the complexity
of the manufacturing process for the collar and, impor-
tantly, reduces the amount of material required to form
the collar. This has advantages both in terms of the cost
and ease of manufacture, as well as the ease of handling
the second connector portion 22 in use.
[0076] Each clamping module 34 is designed mainly
for single use, and for a long lifetime in salty conditions.
Each of the bores 60, 62 within the housing main body
52 of the clamping module 34 may be packed with grease
to ensure smooth movement of the sliding members 35,
36 and to minimise the rate of corrosion. The number of
parts in the moving mechanism is kept to a minimum to
ensure reliability, both when the clamping connection is
made, and when the connection is to be released on dis-
assembling the tower, which could be after a period as
long as thirty years.
[0077] Although the connector assembly 1 described
above has no spring or hydraulic mechanism to control
the movement of the sliding members 35, 36 or to provide
a retraction force to push the clamping member 36 to a
retracted orientation, such features could be provided if
necessary.
[0078] In the example embodiment described above,
part of the housing 50 is received within a corresponding
one of the apertures 68 in the collar clamping portion 45.
It will be appreciated, however, that the housings may
not extend into the apertures and may be attached to the
external surface 72 of the collar clamping portion 45, for
example by means of bolts, such that the first radially
extending bore 61 in each housing is aligned with a re-
spective aperture in the collar clamping portion. In this
way, when the actuators are activated the clamping
members are still arranged to extend radially inwards
through the aperture to come into clamping engagement
with the ring.
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[0079] In another variation, the aperture may have a
constant diameter through the thickness of the collar
clamping portion, and the second mounting surface may
be provided by a part of the radially inner surface 70 of
the collar clamping portion 45, against which the housing
main portion flange 58 is seated. The housing main body
52 is then inserted through the aperture from the radially
inner surface towards the radially outer surface until the
housing main portion flange contacts the inner surface
of the collar. Securing means may then be used to secure
the flange to the collar clamping portion 45. The securing
means may comprise a weld, or the securing means may
be in the form of a bolt or other mechanical securing
means.
[0080] A second embodiment of a connector assembly
201 of the present invention is shown in Figures 13 to
21, as part of a submerged tide turbine assembly 200.
The principles of operation of this connector assembly
201 are substantially the same those of the connector
assembly 1 of the first embodiment.
[0081] In this embodiment of the invention, the con-
nector assembly 201 is used to affix an upper tubular
member 202 supporting a flowing water turbine 206 to a
tubular base support 212 of a lower base structure 204.
The lower base structure 204 comprises the tubular base
support 212 mounted on a triangular base frame 213
secured to the seabed or river bed 211 by three tubular
piles 208. Upper and lower electrical modules 291, 293
are connected respectively to the upper part of the turbine
206 and the tubular base support 212 thereby allowing
electrical power to be drawn from the turbine. Although
not shown in the drawings, it will be understood that nec-
essary electrical connections are made between the up-
per and lower electrical modules. The electrical connec-
tions may be mounted externally as shown or internally,
and engaged when the connector has been made up.
[0082] The connector assembly 201 is typically formed
primarily from steel and comprises a first connector por-
tion 220 and a second connector portion 222 both of
which are generally circular and ring-shaped. The first
connector portion 220 comprises ring 224 and the second
connector portion comprises a collar 226. In this exam-
ple, the ring 224 is a unitary or one-piece component and
so the first connector portion 220 consists solely of the
ring. Both the ring and collar have outermost and inner-
most prevailing profiles or surfaces that have a cylindrical
symmetry. As shown most clearly in Figure 14, the ring
224 has a flange 240 which extends outwards from a
main band or inner band 241 that extends fully around
the inner circumference of the ring, between opposite
axial ends 221, 229 of the ring. The flange 240, therefore,
extends radially outwardly from the main band 241 of the
ring.
[0083] The first connector portion 220 has at one axial
end 221, which in this example is a lower end, a first
mounting portion 217 that is welded or otherwise con-
nected at a seam 215 to an upper end 203 of the lower
tubular member 212. Welds may be facilitated by a flange

or taper at the weld interface. The second connector por-
tion 222 has at one axial end 231, which in this example
is an upper end, a second mounting portion 219 that has
tapped holes 318 for receiving bolts 314 that extend up-
wards to join with an annular connection flange 328 af-
fixed to a lower end 207 of the turbine support tower 202.
Although not illustrated in detail, the annular connection
flange has clearance holes through which the upwardly
extending bolts 314 pass and to which bolts are tight-
ened.
[0084] An advantage of the use of bolts as opposed to
a welded seam in this situation is that the turbine gener-
ator 206 and tubular support 202 can be detached from
the connector portions after these have been joined and
secured. The turbine generator 206 and tubular support
202 can also then be more easily disconnected from the
tubular support 212 and raised to the surface 209 for
servicing or repair.
[0085] The ring 224 has an annular seat 238 provided
on a flange 240. The flange 240 extends radially outward-
ly from an axial end 229 of the ring 224, which in this
example is an upper end. The seat 238 comprises a first
alignment surface 242 in the form of a flat annular surface
that extends in a plane at right angles to a ring axis 228
and which faces towards the second connector portion
222.
[0086] As shown most clearly in Figure 16, the collar
226 has a clamping portion 245 and a lip 244 that extends
or projects radially inwardly from the clamping portion of
the collar. The lip 244 and clamping portion 245 are di-
rectly adjacent one another in an axial direction. An axial
end 239 of the clamping portion 245, which is here the
lower end of the collar, has an opening 232 for receiving
the ring 224 within the collar 226 after affixing the ring to
the lower tubular member 212. The lip 244 extends ra-
dially inwardly around an opposite axial end 231 of the
collar, which in this example is an upper end of the collar.
The lip 244 provides an abutment 246 with a second
alignment surface 248 in the form of a flat annular surface
that extends in a plane at right angles to a collar axis 230
and which faces towards the first connector portion 220.
[0087] When the first and second connector portions
220, 222 are engaged with each other, the second align-
ment surface 248 of the abutment 246 contacts the first
alignment surface 242 of the seat 238, such that the collar
226 is seated on the ring 224.
[0088] The difference between this embodiment and
the first embodiment is that because both alignment sur-
faces 242, 248 are flat and at right angles to respective
connector portion axes 228, 230, there is no tilt adjust-
ment of these axes. The abutting contact is therefore
along an interface that sets one defined orientation of the
collar axis 230 relative to the ring axis 228, and in this
example, these axes are collinear. It would, however, be
possible to have one or both of the flat alignment surfaces
242, 248 set at an angle to their respective axes in order
to define a fixed, non-collinear orientation of the two axes
when the abutment 246 contacts the seat 238.
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[0089] Both the ring and the collar are substantially cir-
cular or annular in shape such that the ring defines or
extends around the ring axis 228, and the collar defines
or extends around the collar axis 230. The clamping por-
tion 245 of the collar 226 also provides the opening 232
of the collar for receiving the entire ring including the
flange 240 of the ring 224 within the clamping portion of
the collar 226. As such, when the seat 238 and abutment
246 of the first and second connector portions 220, 222
are engaged with each other, at least a part of the collar
226 surrounds the ring 224. The second connector por-
tion 222 further comprises a plurality of clamping mod-
ules 234 each of which comprises clamping means 236
for clamping engagement of the ring 224 within the collar
226.
[0090] Each of the clamping modules 234 comprises
a housing 250 that is secured to the collar 226. The hous-
ing 250 of each clamping module 234 has a generally
cylindrical main body portion 252 that is received in a
circular aperture 268 formed in the collar 226, in the same
manner as previously described in relation to the first
embodiment. In the embodiment illustrated most clearly
in Figures 14 and 15, the housing main body 252 has
opposing first and second ends 254, 256, the first end
254 being a flat annulus which is substantially flush with
an adjacent cylindrical inner surface 270 of the collar
clamping portion.
[0091] A projection in the form of an annular flange 258
extends outwardly around the main body 252 at the first
end 254, this flange providing a mount with a first mount-
ing surface 275. A first passageway or bore 260 extends
through the body 252 from the first end 254 to the second
end 256. A second passageway or bore 262 extends
through the body 252 between the first side 264 and sec-
ond side 266 of the body, in a direction substantially per-
pendicular to an axis 261 of the first bore 260. The second
bore 262 therefore has an axis 263 that intersects the
first bore 260 at 90°.
[0092] A side wall 274 of the aperture 268 includes
around its periphery a shoulder 276, providing an inward-
ly directed second mounting surface that comes into
abutting contact with the first mounting surface 275 to
secure the housing to the collar 226 in the same manner
as the first embodiment 1. Optionally, a seam 279 be-
tween each housing and the collar may be welded to
prevent inward movement of the housing once seated in
the aperture 268.
[0093] Each of the clamping members 236 in this ex-
ample is a moveable clamping block or dog, which is
slideable within the first bore 260 of the housing 250 in
a radial direction towards or away from the collar axis
230. In this example, this cross-sectional shape or profile
of the clamping member 236 is cylindrical, and the first
bore 260 has a matching cylindrical profile so that the
clamping member 236 is constrained to move along the
first bore axis 261. The first bore and clamping member
may, however, have any matching profile. A first end 284
of the clamping member 236, closest to the collar axis

230, has a chamfered surface 286, for engagement with
a flange 240 of the ring 224, in a similar manner as de-
scribed above in relation to the first embodiment. A sec-
ond end 288 of the clamping member 236 has an inclined
surface 290.
[0094] The clamping module 234 also comprises a
clamping actuator 233 for providing a driving force to the
clamping member 236 whereby the clamping member
may be driven to engage with the ring. In this example,
the clamping actuator comprises a second movable
member 235 and a hydraulic force applicator 237 ar-
ranged to drive and move the second movable member
in a linear direction that is at right angles to the first pas-
sageway or bore 260.
[0095] The second bore 262 holds the second movable
member which acts as a drive member or drive dog 235.
In this example, the drive member 235 has the shape of
a wedge with two opposite flat sides 271, 273 that extend
between an inclined side 296 and an opposite cylindri-
cally curved side 294, as shown most clearly in Figures
14, 15 and 17. The second bore 262 has a matching
profile so that the drive member 235 is constrained to
move along the second bore axis 263. The second bore
and drive member may, however, have any matching
profile.
[0096] In use, the inclined surface 296 of the drive
member 235 is in sliding contact with the inclined surface
290 of the clamping member 236. The second movable
member therefore acts as a wedge. The arrangement of
these inclined surfaces is opposite to that of the first em-
bodiment so that the clamping member is driven inwards
by downwards movement of the drive member, rather
than by upwards movement of the drive member.
[0097] Both the second movable member 35 and
clamping member 36 are preferably machined from steel.
[0098] A force applicator 237 is connected to the sec-
ond movable member 235 and arranged to move the
second movable member in opposite first and second
axial directions along the axis 263 of the second bore
262. The force applicator 237 in this example is a hy-
draulic cylinder. Each force applicator 237 comprises a
piston 87 attached to a post 99 that extends axially away
from each of the corresponding drive members 235. The
piston moves inside a hydraulic cylinder casing 89
mounted to a cylinder end plate 91 below the housing
main body 252. As shown in Figures 14 and 15, the hy-
draulic cylinders 237 are configured to pull the drive mem-
bers 235 downwards 281 to engage the clamping mem-
bers 236 with the ring 224, and the ring is, therefore,
clamped or gripped between the plurality of clamping
members 236 and the lip 244 of the collar 226 in order
to secure the ring within the collar.
[0099] The hydraulic cylinders 237 may optionally also
be arranged to push the drive members 235 in an oppo-
site direction upwards 181 to release the clamping mem-
bers 236 from the ring 224.
[0100] Once the drive members 235 are fully tensioned
downwards, these may be secured in place by means of
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securing bolts 92 that engage with a tapped hole 93 in a
housing end cap 253 and which when tightened move to
press down against the drive member 235.
[0101] Alternatively, the force applicator may comprise
a threaded bolt and lock nut arrangement as in the first
embodiment, which is tensioned by a hydraulic running
tool and set in position by a securing nut as described
above.
[0102] As shown most clearly in Figures 14, 15 and
19, a guide assembly 311 is connected to a lower axial
end 239 of the collar 226 such that the guide assembly
311 extends around the opening 232. The guide assem-
bly 311 is preferably secured to the collar 226 by means
of mechanical fastening means, such as bolts 376 that
pass through clearance holes 318 in the guide assembly
to engage with bolt holes 320 extending around the cir-
cumference of the collar lower end; however, the guide
assembly 311 may be secured to the collar 226 using
any suitable means.
[0103] The guide assembly 311 comprises a generally
annular main body 313 having an angled or flared inner
surface 315, which in this example is a funnel entrance
having a frustoconical surface. Typically the flared inner
surface 315 is at an angle of about 45° to a direction 317
in which the collar 226 is moved towards the ring 224.
The flared inner surface 315 thereby forms a conical cap-
ture region of the guide assembly 311. In use, the guide
assembly, and in particular the capture region, provides
circumferential guidance for locating the collar 226 over
and around the ring 224 during engagement of the first
and second connector portions 220,222.
[0104] In this embodiment, the guide assembly 311 fur-
ther comprises a guide post receptacle 319. A corre-
sponding guide post 321 is attached to an upper part of
the tubular base support 212. The guide post 321 and
guide post receptacle 319 are arranged such that, when
the second connector portion 222 is engaged with the
first connector portion 220 in the correct orientation, the
guide post 321 is received within the guide post recep-
tacle 319, as shown most clearly in Figures 19 to 21. This
ensures the correct positioning and orientation of the up-
per part of the turbine 206 with respect to the tubular
base support 212.
[0105] The connector assembly 201 may also com-
prise a secondary release assembly 323. In this embod-
iment, the secondary release assembly 323 comprises
a lifting ring 325 secured to a part of the force applicator
237. As shown most clearly in Figure 14, the lifting ring
325 is attached to release rods 327 that extend upwards
from each of the drive members 235. The lifting ring 325
has lugs 330, which can be connected to slings, or other
cable means, from a vessel or structure above the sur-
face of the body of water in which the turbine is located.
In the event of a failure of the hydraulic force applicator
237, a vertical pull can be exerted by the slings thereby
pulling the drive members 235 upwards 181. This releas-
es the clamping members 236 and allows the upper part
of the turbine 206 to be retrieved to the surface of the

water 209.
[0106] In alternative embodiments, hydraulic jacks or
similar lifting means may be positioned beneath the lifting
ring 325 so as to provide a lifting force on the lifting ring
325 to release the clamping members 236.
[0107] Prior to lifting of the lifting ring, if securing means
such as the securing bolts 92 have been used to secure
the drive members in a fully engaged position with the
clamping members, then the securing means must first
be released. In this example, the securing bolts pass
through clearance holes 332 in the lifting ring, such that
a top end of each securing bolt can be turned in order to
loosen each securing bolt and allow each of the drive
members to be pulled upwards by the lifting ring in order
to release the engagement of the drive members with
the clamping members. The clearance holes 332 may
also be of use in setting the securing bolts 92, by guiding
each securing bolt into the corresponding tapped hole
59 in the housing end cap 253.
[0108] It should be noted that although the invention
is particularly applicable to cases in which the assembled
tubular members are upright in a substantially vertical
orientation, the invention is also applicable to other struc-
tures where the axial alignment of neighbouring tubular
members needs to be adjustable or in which an assem-
bled structure is upright at a substantial angle to vertical,
for example when used as an arch or brace as part of a
larger structure.
[0109] The connector assemblies 1, 201 of the present
invention have a ring and collar both of which are sub-
stantially circular. A further advantage of the invention is
that a secure connection can be made between the con-
nector components even when the collar 26, 226 and/or
ring 24, 224 are not perfectly circular, i.e. the collar and/or
ring are at their maximum or minimum tolerance and have
an oval or elliptical shape. This is achieved in part by
providing a sufficient gap between the flange or the ring
and the inner surfaces of the collar clamping portion and
in part because each of the clamping modules 34, 234
may be actuated independently, such that each of the
clamping members 36, 236 is driven inwards by a differ-
ent distance to compensate for the non-circularity of the
collar 26, 226 and/or ring 24, 224.
[0110] The collar and/or ring may be made from forged
steel in order to maximise strength of the connector as-
sembly. It is however, difficult and expensive to forge
metal components having a large diameter, for example
a diameter greater than about 3 m. Cast metal is less
expensive to form, however, in either case it is generally
desirable to minimise the extent of any necessary ma-
chining of cast surfaces. Therefore, it is preferable if the
collar and/or the ring are a machined casting, with only
those surfaces needing to have close tolerances being
machined, for example the surfaces forming the seat and
abutment between the inwardly directed lip and the out-
wardly directed flange, or the surfaces along the interface
where each clamping module is affixed to the collar
clamping portion. In this respect, it should be appreciated
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that the drawings, which show only smooth continuous
outer surfaces of the collar and ring, are only schematic,
and it is only necessary that those surfaces making con-
tact between the collar and ring, or between adjacent
components of the collar assembly, are formed or ma-
chined to achieve desired tolerances.
[0111] A particular advantage of the invention is that
the clamping modules are separate components from
the collar clamping portion. It is therefore not necessary
to machine channels or guides into the clamping portion
for supporting and guiding movement of parts of the
clamping actuator or clamping member. This greatly sim-
plifies the formation of the collar, as the clamping portion
can be substantially cylindrical, as in the preferred em-
bodiments of the invention described above.
[0112] It should also be noted that although the inven-
tion has been described in detail with embodiments in
which the first connection portion (i.e. the ring) having
the first mounting portion is affixed at the upper end of
the lower tubular member, and in which the second con-
nector portion (i.e. the collar) having the second mounting
portion is affixed at the lower end of the upper tubular
member, the invention is also applicable to the case
where the first mounting portion is affixed at the lower
end of the upper tubular member and the second mount-
ing portion is affixed at the upper end of the lower tubular
member. In this alternative configuration, the abutment
is provided by the flange of the ring and the seat is pro-
vided by the lip of the collar.
[0113] Regarding the preferred number of clamping
modules, this will depend on various factors, such as the
diameter of the first and second connector portions, the
loads to be born by each clamping module, and the ac-
curacy of the desired tilt adjustment, if any. In principle,
there could be just two clamping modules spaced 120°
apart from each other around the circumference of the
connector portions, with a third fixed point of engagement
between the connector portions at a circumferential mid-
point spaced 120° from each of the two clamping mod-
ules.
[0114] When tilt adjustment is needed, such an ar-
rangement would, however, in general require pre-rota-
tion of the two connector portions to a particular orienta-
tion with respect to each other in order to allow the angle
of the main tower to be adjusted to vertical. Therefore,
in general, at least three equally spaced-apart clamping
modules are desired in order to avoid the need to pre-
rotate the connector portions. In the examples, given
above, there are sixteen clamping modules in the first
embodiment and eight clamping modules in the second
embodiment, which provides the benefit of distributing
the load between the first and second connector portions
more evenly around the circumference of the connector
assembly.
[0115] It should be noted that although the invention
has been described with particular reference to a hori-
zontal axis wind turbine tower and a horizontal axis water
turbine tower for generating electricity, the invention is

applicable to other types of turbine tower whether air or
water driven including towers supporting vertical axis tur-
bines. The general principles of the invention are, how-
ever, not limited to renewable energy turbines, but are
also applicable to the joining together of an upper tubular
member and a lower tubular member in other technical
fields, particularly large diameter tubular members, i.e.
those having a diameter of about 5 m or more, when the
tubular members are to be joined together in any upright
configuration, whether or not this is a vertical orientation,
especially when weight is transferred from an upper tu-
bular member to a lower tubular member.
[0116] It is to be recognized that various alterations,
modifications, and/or additions may be introduced into
the constructions and arrangements of parts described
above without departing from the scope of the present
invention, as defined by the appended claims.

Claims

1. A connector assembly (1, 201) for affixing an upper
tubular member (2, 202) to a lower tubular member
(12, 112, 212) in an upright configuration of said tu-
bular members, the connector assembly comprising
a first connector portion (20, 220) and a second con-
nector portion (22, 222), the first connector portion
having a first mounting portion (17, 217) and the sec-
ond connector portion (22, 222) having a second
mounting portion (19, 219), one of said mounting por-
tions being for affixing at an upper end (3, 203) of
said lower tubular member (12, 112, 212) and the
other of said mounting portions being for affixing at
a lower end (7, 207) of said upper tubular member
(2, 202), the first connector portion comprising a ring
(24, 224), the ring extending around a ring axis (28,
228) and comprising a radially outwardly directed
flange (40, 240), and the second connector portion
(22, 222) comprising a collar (26, 226) and a plurality
of clamping modules (34, 234), the collar extending
around a collar axis (30, 230) and comprising a
clamping portion (45, 245) and a radially inwardly
directed lip (44, 244), wherein:

- the clamping portion (45, 245) of the collar has
an opening for receiving the ring (24, 224)
whereby the ring may, in use, be received within
the collar (26, 226) in a substantially coaxial ori-
entation with the flange (40, 240) in abutting con-
tact with the lip (44, 244);
- the clamping portion (45, 245) of the collar has
a plurality of apertures (68, 268), each aperture
extending through said clamping portion in a ra-
dial direction and said apertures being spaced
apart from each other around a circumference
of said clamping portion;
- each clamping module (34, 234) comprises a
housing (50, 250), a clamping member (36, 236)
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and a clamping actuator (33, 233), said clamping
member being movably held within said housing
and said clamping actuator being configured to
drive said movement of the clamping member;
and
- each of said housings (50, 250) is separately
affixed to the clamping portion (45, 245) of the
collar at a corresponding one of said apertures
(68, 268) whereby each clamping member (36,
236) when driven by the clamping actuator (33,
233) moves radially inwards through said corre-
sponding aperture (68, 268) towards the ring
(24, 224) received within the collar (26, 226)
whereby said flange (40, 240) is clamped be-
tween the lip (44, 244) and said clamping mem-
bers (36, 236) in order to secure the ring within
the collar.

2. A connector assembly (1, 201) as claimed in Claim
1, in which each housing (50, 250) extends through
the respective aperture (68, 268) in the clamping por-
tion (45, 245) of the collar.

3. A connector assembly (1, 201) as claimed in Claim
1 or Claim 2, in which each of said housings (50,
250) has a mount (58, 258), said mount being in abut-
ting contact with a mounting feature (76, 276) of the
clamping portion (45, 245) of the collar, said abutting
contact securing the housing against radially out-
ward movement of the housing (50, 250).

4. A connector assembly (1, 201) as claimed in Claim
3, in which the housing (50, 250) comprises a main
body (52, 252) and the mount is provided by a pro-
jection (58, 258) from the main body of the housing.

5. A connector assembly (1, 201) as claimed in Claim
3 or Claim 4, in which the mounting feature of the
clamping portion (45, 245) of the collar (26, 226) is
an inwardly directed surface (76, 276) inside the ap-
erture (68, 268).

6. A connector assembly (1, 201) as claimed in Claim
5, in which said inwardly directed surface is a shoul-
der (76, 276) in a side wall (74, 274) of the aperture
(68, 268).

7. A connector assembly (1, 201) as claimed in Claim
6 or Claim 7, in which said projection (58, 258) and
said shoulder (76, 276) have matching annular
shapes.

8. A connector assembly (1, 201) as claimed in any
preceding claim, in which each housing (50, 250)
when affixed to the clamping portion (45, 245) of the
collar, has an end (54, 254) which is substantially
flush with a radially inner surface (70, 270) of said
clamping portion (45, 245).

9. A connector assembly (1, 201) as claimed in any
preceding claim, in which each housing (50, 250)
comprises a first passageway (60, 260) and a sec-
ond passageway (62, 262), said movement of the
clamping member (36, 236) being guided by the first
passageway (60, 260), and the clamping actuator
(33, 233) being movably held in the second passage-
way (62, 262), and the second passageway inter-
secting the first passageway.

10. A connector assembly (1) as claimed in any preced-
ing claim, in which the flange (40) has a first align-
ment surface (42) and the lip (44) has a second align-
ment surface (48), said alignment surfaces (42, 48)
permitting relative tilt adjustment between the ring
axis (28) and the collar axis (30) prior to said clamp-
ing of the flange.

11. A connector assembly (1) as claimed in Claim 10, in
which said alignment surfaces (42, 48) are in contact
along a part spherical interface.

12. A connector assembly (201) as claimed in any one
of Claims 1 to 9, in which the flange (240) has a first
alignment surface (242) and the lip (244) has a sec-
ond alignment surface (248), said alignment surfac-
es permitting one relative angle of the ring axis (228)
relative to the collar axis (230) prior to said clamping
of the flange.

13. A connector assembly (1, 201) as claimed in any
preceding claim, in which said clamping modules
(34, 234) are spaced apart from one another around
the circumference of the collar (26, 226).

14. An assembly of an upper tubular member (2, 202)
and a lower tubular member (12, 112, 212), said tu-
bular members being joined together by a connector
assembly, said connector assembly (1, 201) being
as claimed in any preceding claim.

15. An assembly as claimed in Claim 14, in which the
upper tubular member is a turbine tower (2, 202)
supporting a bladed fluid flow electrical generator
and in which the lower tubular member (12, 112, 212)
is comprised in a supporting structure (4, 104, 204)
for the turbine tower.
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