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Assembly and method for attaching a heliostat to a foundation

Field of the invention

This disclosure relates to an assembly and method for attaching a heliostat to a
foundation in a tower-based solar thermal CSP installation.

Background of the invention

In a tower-based solar thermal CSP installation, many heliostats are required.
The heliostats need to be installed as cheaply, quickly and accurately as possible. Each
heliostat includes a mirror, which needs to be supported around its centre of gravity,
and therefore requires a foundation post to support the mirror above the ground. A
simple foundation post providing suitable bending and torsional support is a hollow
section steel member, either circular or rectangular in section, inserted in the ground in

a way that allows the heliostat to be cantilevered.

There are several ways of installing a hollow section post in the ground to act as
the foundation for the heliostat. These include vertical hammering, having posts with
auger flutes and rotating these into the ground, pre-augered holes with posts installed
and concreted into the holes and the surrounding ground compacted, use of concrete
plinths and so on.

Regardless of whether the foundation post uses a rectangular or circular hollow
section, or how the post is installed in the ground, having a simple way of attaching a
heliostat to the top of such a post quickly, securely and reliably is desirable. It is further
desirable if the attachment can accommodate some burring or unevenness in the top
edge of the post, as may occur during hammering the post into the ground. It is further
desirable if the attachment seals the hollow post from ingress of rain. It is also desirable
if the attachment means can be affixed to the remainder of the heliostat in a single
piece, so that installation of the heliostats in the field can be achieved simply by
installing the posts, and then lowering the otherwise complete heliostat onto the post,
and securing it in position. It is further desirable if the securing means can be reliably
actuated by non-specialist staff.
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Reference to any prior art in the specification is not an acknowledgment or
suggestion that this prior art forms part of the common general knowledge in any
jurisdiction or that this prior art could reasonably be expected to be understood,
regarded as relevant, and/or combined with other pieces of prior art by a skilled person
in the art. Reference to problems or desiderata in the specification is also not an
acknowledgement that such problems or desiderata form part of the common general

knowledge.

Summary of the invention

In accordance with a first aspect of the present invention there is provided a
heliostat securing assembly for securing a heliostat to a tubular foundation post, the
assembly comprising: an insert locatable within an upper opening in the foundation
post, the insert defining an aperture for receiving a support shaft of the heliostat; a
clamp arrangement for locating the insert in the upper opening in the foundation post,
the clamp arrangement having at least one inner or outer bearing surface configured to
bear against at least one corresponding outer or inner bearing surface of the insert; and
one or more urging connectors for connecting the insert and the clamp arrangement,
the urging connector(s) being operable to urge at least one of the insert and the clamp
arrangement toward the other in an axial direction of the foundation post; wherein at
least one of the at least one outer or inner bearing surface and the at least one
corresponding inner or outer bearing surface is configured to transform at least a portion
of relative axial movement between the insert and the clamp into relative transverse
movement such that, when the insert is located in the upper opening in the foundation
post, operation of the urging connector(s) urges at least one of the insert and clamp
arrangement in the transverse direction to clamp the securing assembly between the
support shaft and foundation post and thereby secure the heliostat to the foundation

post.

Advantageously, operation of the urging connector(s) urges at least one of the
insert and clamp in the transverse direction to clamp the securing assembly between
the support shaft and foundation post and thereby secure the heliostat to the foundation

post.
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In an embodiment, this can be achieved by forming the at least one outer bearing
surface of the insert and the inner bearing surface of the clamp with a corresponding
inclination relative to the axial direction. It will be appreciated that, in other examples,
such a transformation of relative axial movement to relative transverse movement may

be achieved with other bearing surface configurations.

The insert may comprise an integrally formed, continuous annular cover portion
and an insert portion formed integrally with the cover portion. The cover portion may
also be formed separately and then fixed onto the insert portion. The cover portion can
act as a locating flange configured to axially locate the securing assembly in the upper
opening of the foundation post during the process of securing the heliostat to the
foundation post. Accordingly, operation of the urging connector(s) urges the clamp
toward the cover portion of the insert. Such a locating flange may simplify the securing
process, reduce the number of staff required to secure the heliostat to the foundation

post and/or reduce the amount of time needed.

The lower face of the cover portion may be provided with an annular recess for
accommodating the upper peripheral edge of the upper opening of the foundation post,
which may assist in covering any burring or unevenness caused during the foundation

post installation process, as well as in creating a weatherproof seal.

In an embodiment, the clamp comprises a single clamping wedge, the at least
one inner or outer bearing surface being formed by an inclined surface on the clamping
wedge, and the securing assembly includes a single urging connector connecting the
clamping wedge to the insert.

In accordance with a second aspect of the present invention there is provided a
method of securing a heliostat to a tubular foundation post, the method comprising the
steps of: fitting an insert of a securing assembly to a support shaft of the heliostat, the
insert defining an aperture for receiving said support shaft; locating the insert in the
upper opening in the foundation post with a clamp arrangement, the clamp arrangement
having at least one inner or outer bearing surface configured to bear against at least
one outer or inner bearing surface of the insert; and operating one or more urging
connectors that connect the insert and the clamp arrangement to urge at least one of
the insert and the clamp arrangement toward the other in an axial direction of the

3
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foundation post such that at least one of the insert and clamp arrangement is urged in
the transverse direction to clamp the securing assembly between the support shaft and
foundation post and thereby secure the heliostat to the foundation post.

In accordance with a third aspect of the invention there is provided a heliostat
arrangement comprising: a tubular foundation post; a heliostat securing assembly
according to the first aspect, the securing assembly received in an open upper end of
the tubular foundation post; and a heliostat comprising: a drive assembly comprising a
support shaft received in the heliostat securing assembly; and a mirror supported on the
drive assembly such that the heliostat mirror can be adjusted by the drive assembly to
track the sun and keep it focussed on a receiver or target, wherein the securing
assembly is clamped between the support shaft and foundation post to thereby secure

the heliostat to the foundation post.

As used herein, except where the context requires otherwise, the term
"comprise" and variations of the term, such as "comprising", "comprises" and
"comprised", are not intended to exclude further additives, components, integers or

steps.

Further aspects of the present invention and further embodiments of the aspects
described in the preceding paragraphs will become apparent from the following
description, given by way of example and with reference to the accompanying drawings.

Brief description of the drawings
Figure 1 shows a rear view of one example of a heliostat with a heliostat securing

assembly ready for insertion into a foundation post;

Figures 2A and 2B show top perspective exploded views of the heliostat securing
assembly;

Figure 2C shows a bottom perspective exploded view of the heliostat securing

assembly;

Figure 3A shows, in cross section, the heliostat support shaft received in the
heliostat securing assembly prior to insertion into the foundation post;
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Figure 3B shows, in cross section, the heliostat securing assembly received in
the foundation post and prior to being secured in the foundation post;

Figure 3C shows, in cross section, the heliostat securing assembly secured in the
foundation post;

Figure 4 shows a rear perspective view of another example of a heliostat with a
heliostat securing assembly and heliostat ready for insertion into a foundation post;

Figure 5 shows a top perspective view of the heliostat securing assembly of
Figure 4;

Figure 6 shows a bottom view of the heliostat securing assembly of Figure 4
when inserted into a foundation post;

Figure 7 shows a top perspective exploded view of the heliostat securing
assembly of Figure 4;

Figure 8 shows a bottom perspective exploded view of the heliostat securing
assembly of Figure 4;

Figure 9A shows, in cross section, the heliostat support shaft received in the
heliostat securing assembly of Figure 4 prior to insertion into the foundation post; and

Figure 9B shows, in cross section, the heliostat securing assembly of Figure 4
received in the foundation post.

Detailed description of the embodiments

Referring first to Figure 1, a rear view is shown of one example of a heliostat 1
with a heliostat securing assembly 3 ready for insertion into a tubular foundation post 5.
The heliostat 1 comprises a frame-mounted mirror 7 and a drive assembly for adjusting
the elevation and azimuth angles of the mirror 7. In this example, the drive assembly
comprises a rotary drive (not shown) accommodated within a drive housing 9, an
azimuth support shaft 11 received within the heliostat securing assembly 3 and an

elevation support shaft 13 supporting the mirror 7.
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When the heliostat 1 is secured to the foundation post 5 with the heliostat
securing assembly 3, as will be described in greater detail below, the drive assembly
can drive the heliostat 1 to rotate around the azimuth support shaft 11 to thereby adjust
the azimuth angle of the mirror 7 relative to the foundation post 5. Similarly, the drive
assembly can drive the frame-mounted mirror 7 to rotate around the elevation support
shaft 13 to thereby adjust the elevation angle of the mirror 7 relative to the foundation

post 5.

Referring now to Figures 2A to 2C, the heliostat securing assembly 3 for securing
the heliostat 1 to the tubular foundation post 5 shown in Figure 1 will be described in

more detalil.

The securing assembly 3 comprises an insert in the form of a collet sleeve 15
locatable within an upper opening in the foundation post 5, a clamp sub-assembly (20 in
Figure 1) for receiving the collet sleeve 15 in said upper opening and a plurality of
urging connectors 19 connecting the collet sleeve 15 and the clamp sub-assembly 20.

The collet sleeve 15 defines an aperture 17 for receiving the azimuth support

shaft 11 of the heliostat 1, and has at least one outer bearing surface 23.

The clamp sub-assembly 20 has at least one inner bearing surface configured to
bear against the at least one outer bearing surface 23 of the collet sleeve 15. In this
example, the clamp sub-assembly 20 comprises three clamping wedges 21 such that
the at least one inner bearing surface comprises three inner bearing surfaces 22
configured to bear against the at least one outer bearing surface 23 of the collet sleeve
15.

The urging connectors 19 are operable to urge at least one of the collet sleeve
15 and the clamp sub-assembly 20 toward the other in an axial direction of the
foundation post 5. The outer bearing surface 23 of the collet sleeve 15 and each inner
bearing surface 22 of the three clamping wedges 21 of the clamp sub-assembly 20 are
configured to transform at least a portion of relative axial movement between the collet

sleeve 15 and the clamp sub-assembly 20 into relative transverse movement.

With this configuration, when the collet sleeve 15 is located in the upper opening

in the foundation post 5, operation of the urging connectors 19 urges at least one of the
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collet sleeve 15 and clamp sub-assembly 20 in the transverse direction to clamp the
securing assembly 3 between the support shaft 11 and foundation post 5 and thereby
secure the heliostat 1 to the foundation post 5. In this example, this configuration is
achieved by forming the at least one outer bearing surface 23 of the collet sleeve 15
and each inner bearing surface 22 of the three clamping wedges 21 with a
corresponding inclination relative to the axial direction. It will be appreciated that, in
other examples, such a transformation of relative axial movement to relative transverse
movement may be achieved with other bearing surface configurations, e.g. only one of
the inner and outer bearing surfaces may be inclined, one or both of the inner and outer
bearing surfaces may be formed as a cam surface, which may be curved, etc.

In this example, the insert comprises an integrally formed, continuous annular
cover portion 151 and an insert portion 153 formed integrally with the cover portion 151.
The cover portion may also be formed separately and then fixed onto the insert portion.
The collet sleeve 15 may be formed from a hardened plastics material such as a
polycarbonate or GRP, or from a metal such as aluminium or a metallic alloy such as
brass. The other components may be formed from similar materials or from any material

with suitable strength, stiffness and friction characteristics.

The cover portion 151 acts as a locating flange configured to axially locate the
securing assembly 3 in the upper opening of the foundation post 5 during the process of
securing the heliostat 1 to the foundation post 5. Accordingly, operation of the urging
connectors 19 urges the three clamping wedges 21 of the clamp sub-assembly 20
toward the cover portion 151 of the collet sleeve 15. Such a locating flange may simplify
the securing process, reduce the number of staff required to secure the heliostat 1 to
the foundation post 5 and/or reduce the amount of time needed.

In this specific example, the cover portion 151 is configured to fit over an upper
peripheral edge of the upper opening of the foundation post 5. In this way, the cover
portion 151 may also act to prevent the entry of water and other foreign matter into the
foundation post 5. The lower face of the cover portion 151 is provided with an annular
recess 152 for accommodating the upper peripheral edge of the upper opening of the

foundation post 5, which may assist in covering any burring or unevenness caused
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during the foundation post 5 installation process, as well as in creating a weatherproof
seal.

The insert portion 153 extends down from the cover portion 151 into the
foundation post 5 when the cover portion 151 is fitted over the upper peripheral edge of
the upper opening of the foundation post 5. As the shaft 11 of the heliostat 1 is
cylindrical, the aperture 17 defined by the collet sleeve 15 is a complemental cylindrical
aperture 17 that extends through the cover portion 151 and into the insert portion 153.
The at least one outer bearing surface 23 is formed on the insert portion 153, inclined
with respect to the axial direction of the foundation post 5. In this example, the at least
one outer bearing surface 23 is formed as a single, continuous outer bearing surface 23
that describes a frusto-conical profile, which extends from the cover portion 151 to a cap
end base 24.

The clamping wedges 21 of the clamp sub-assembly 20 are arcuate when
viewed in the axial direction of the foundation post 5. The inclined inner bearing surface
22 of each clamping wedge 2, which has a complemental frusto-conical profile,
cooperates with the single, continuous outer bearing surface such that operation of the
urging connectors 19 causes the inner bearing surfaces 22 of the clamping elements 21
to slide along the frusto-conical outer bearing surface 23 of the collet sleeve 15, axially
upwards and radially outwards. Each clamping wedge further comprises an outer
clamping surface 26 for forming a friction fit with the foundation post 5 when the clamp
sub-assembly is wedged between the collet sleeve 15 and the foundation post 5. In this
way, the securing assembly 3 can be clamped between the support shaft 11 and
foundation post 5 and thereby secure the heliostat 1 firmly to the foundation post 5.

In this example, the urging connectors 19 comprise equi-spaced clamping bolts
19 with drive heads operable from above the collet sleeve. It will be appreciated that, in
other examples, the urging connectors may comprise alternative means, such as
eccentric or over-centre cam levers. Threaded nuts or sleeves may be positioned in
(embedded) or below the clamping wedges 21 of the clamp sub-assembly 20. Each
clamping bolt 19 extends through an aperture 19.1 in the collet sleeve 15 and a
corresponding aperture 19.2 in a respective clamping wedge 21 of the clamp sub-
assembly 20. It will be appreciated that these apertures are elongated apertures to
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accommodate the relative axial and transverse (or radial) movement between the collet

sleeve 15 and the clamping wedges 21 of the clamp sub-assembly 20.

A lower annular ring washer 25 is provided at the lower surfaces of the clamping
wedges 21 of the clamp sub-assembly 20. Such a lower annular ring washer 25 may act
as a load transfer element for spreading out forces applied by the threaded nuts or
sleeves to the lower surfaces of the clamping wedges 21. It may be advantageous in
ensuring that the clamping wedges 21 are held together during the process of inserting
the securing assembly 1 into the foundation post 5. This is achieved by virtue of the
bolts 19 being pre-installed and loosely engaged with the corresponding nuts or
sleeves, with the lower ring washer 25 assisting to hold the assembly together prior to
insertion. A corresponding upper annular ring washer 27 is provided at the top surface
of the collet sleeve 15 to provide a bearing surface for the bolt heads and a percussive
surface for allowing the securing assembly to be hammered into position within the post.

Referring now to Figures 3A to 3C, a general method of securing the heliostat 1

to the tubular foundation post 5 will be described in more detail.

The insert in the form of collet sleeve 15 of the securing assembly 3 is initially
fitted to the support shaft 11 of the heliostat 1, with said support shaft 11 being received
within the aperture defined by the collet sleeve 15. The support shaft 11 is a hollow
cylindrical section with a torsional spring 12 installed inside to provide tension to the
drive assembly around the azimuth adjustment axis. Accordingly, the cap end base 24
of the collet sleeve 15 can be used to retain and enclose the spring 12 in the support
shaft 11, which may assist in protecting it from the environment.

In this example, the clearance between the support shaft 11 and the aperture is
negligible, or even provides a light interference fit, such that a certain degree of force is
required to fit the collet sleeve 15 onto the support shaft 11. The resulting similar fit thus
fixes the support shaft 11 in the collet sleeve 15. It will be appreciated that, in other
examples, the clearance may be greater and the collet sleeve 15 may be secured to the
support shaft 11 via mechanical attachment means, e.g. combinations of mating thread
on shaft, cross pins, bolts, splines and glue.
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The collet sleeve 15 is then located in the upper opening in the foundation post 5
with the clamp sub-assembly 20, as shown in Figure 2B. In this example, the clamp
sub-assembly 20 is already connected to the collet sleeve 15 by urging connectors (see
19 described above) to allow the entire securing assembly 3 with the heliostat 1 to be
inserted as a single unit, which may simplify the location step.

The urging connectors 19 can then be operated to urge the clamp sub-assembly
axially upwards towards the cover portion 151 of the collet sleeve. This relative axial
movement between the collet sleeve 15 and the clamp sub-assembly 20 urges the
clamping elements 21 of the clamp sub-assembly 20 in the transverse or radial direction
as the inner bearing surfaces of the clamping elements 21 slide up the frusto-conical
outer bearing surface of the collet sleeve. The clamp sub-assembly 20 is thereby
wedged between the collet sleeve 15 and the foundation post 5, clamping the securing
assembly 3 between the support shaft 11 and foundation post 5 and securing the
heliostat 1 to the foundation post 5.

The insert described above comprises the continuous annular cover portion 151
acting as a locating flange configured to axially locate the securing assembly 3. It will be
appreciated that, in an alternative example, such a continuous annular cover portion
and/or a locating flange may be additionally or alternatively provided on the clamp sub-
assembly. When the locating flange is provided on the clamp sub-assembly to axially
locate the securing assembly, operation of the urging connectors may urge the collet

sleeve toward the clamp sub-assembly.

In the example described above, the insert is formed as a collet sleeve with a
single body having a single continuous outer bearing surface. It will be appreciated that,
in other examples, the insert may have two or more discontinuous inner clamping
surfaces and two or more discontinuous outer bearing surfaces, and may be formed
from two or more elements rather than a single body. In addition, even if formed as a
single body the insert may be formed with a series of equi-spaced vertical
expansion/contraction slots extending upwardly from the lower end of the sleeve.
Similarly, whilst the clamp sub-assembly described above comprises three clamping
elements in the form of clamping wedges, it will be appreciated that, in an alternative

example, the clamp sub-assembly may comprise one, two, four or more clamping

10
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elements in the form of clamping wedges. It will further be appreciated that, in an
example where the insert is formed from two or more elements rather than a single

body, the clamp sub-assembly may instead be formed from a single body.

In the example described above, the tubular foundation post 5 has a circular
cross section and may be formed from lengths of circular hollow section steel. It will be
appreciated that, in other examples, the tubular foundation post may be formed with a
different cross sectional shape, such as a hollow section that is rectangular, elliptical,
square, etc.

In alternative embodiments the insert may have a round cylindrical outer surface
and a frusto-conical inner surface which expands outwardly from top to bottom, so that
the corresponding wedges are located between the inner surface of the insert and the
outer surface of the support shaft of the heliostat. It will be appreciated that this
arrangement may be configured differently to accommodate different post and shaft
profiles.

In the example described above, the drive assembly comprises a rotary drive (not
shown). It will be appreciated that, in other examples, the drive may be a linear drive.

Reference is now made to Figure 4, which illustrates a rear view of another
embodiment of a heliostat 1° with a heliostat securing assembly 3’ ready for insertion
into a tubular foundation post 5. Components of this embodiment are referenced using
like reference numerals to those used with respect to the previous embodiment (where
applicable), with the addition of an apostrophe. It will appreciated that unless otherwise
stated, the features shown in this embodiment have the same function and advantages
as the corresponding features of the earlier embodiment.

The securing assembly 3’ comprises an insert, substantially in the form of a collet
sleeve 15’, locatable within an upper opening in the foundation post 5, a clamping
wedge 21’ operatively engageable with the collet sleeve 15 and movable relative to the
collet sleeve 15’ in said upper opening, and a single urging connector 19" (Figure 5)
connecting the collet sleeve 15" and the clamping wedge 21°.

As will be described in further detail below, this embodiment of the invention

utilises a single clamping wedge and single urging connector arrangement in order to

11
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effectively produce the same result as the earlier embodiment, i.e. to transform at least
a portion of relative axial movement between the insert and the clamping wedge into
relative transverse movement such that, when the insert is located in the upper opening
in the foundation post, operation of the urging connector urges at least one of the insert
and clamping wedge in the transverse direction to clamp the securing assembly
between the support shaft and foundation post and thereby secure the heliostat to the

foundation post.

Figure 5 illustrates the insert, the clamping wedge 21’ and the urging connector,
which is in the form of a clamping bolt 19', when assembled together before placement
into the foundation post 5. Similar to the earlier example, collet sleeve 15 defines an

aperture 17’ for receiving the azimuth support shaft 11’ of the heliostat 1°.

The insert further comprises an integrally formed cover portion 151’ and an insert
portion 153’ formed integrally with the cover portion 151°. The insert portion 153’
extends down from the cover portion 151 into the foundation post 5 when the cover
portion 151’ is fitted over the upper peripheral edge of the upper opening of the
foundation post 5. Cover portion 151’ also includes bolt aperture 154’ (Figure 7),
through which clamping bolt 19’ is inserted in order to suitably connect the insert with
clamping wedge 21’. As the shaft 11’ of the heliostat 1’ is cylindrical, the aperture 17’
defined by the collet sleeve 15’ is a complemental cylindrical aperture 17’ that extends
through the cover portion 151’ and into the insert portion 153’. The features and
advantages described earlier in relation to the cover portion 151, equally apply to cover
portion 151’

The insert portion 153’ in this embodiment has been optimised by removing as
much mass as practicable from the collet sleeve 15’. This can lead to a reduction in
overall manufacturing and material costs of the collet sleeve. The collet sleeve 15 may
be manufactured by casting, machining, or a combination of the two. However, a person
skilled in the art will appreciate that the collet sleeve 15 may be manufactured by other

means as previously described.

As best shown in Figures 5 and 6, aperture 17’ of collet sleeve 15 is not

concentric with cover portion 151°, and is therefore not concentric with the foundation

12
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post 5 when the insert is positioned in the upper opening thereof. The advantages of

this will be described in greater detail below.

In this embodiment, bolted to cover portion 151’ and above the head of clamping
bolt 19’ by suitable fasteners is a retaining member 160" of substantially planar form,
having a main central aperture 162’ configured to allow access to the head of clamping
bolt 19" for operation thereof, but restrict axial movement of clamping bolt 19'. The
retaining member 160’ need not be provided in normal operation of the securing
assembly, but can aid in removal of the securing assembly as will be described in
greater detail below. When retaining member 160’ is not being used, the apertures
therefor in cover portion 151’ are closed with environmental plugs in order to avoid
water ingress. As will be described in greater detail below, operation of the clamping
bolt 19’ will cause the clamping wedge 21’ to move towards the collet sleeve 15 in the

axial direction.

Unlike in the earlier example where the collet sleeve 15 included a continuous
outer bearing surface 23, an outer bearing surface of the collet sleeve 15 comprises
separate and distinct outer bearing surface portions. As best shown in Figures 7 and 8,
these outer bearing surface portions include a pair of spaced, radially extending track
portions 72’ on one side of collet sleeve 15°. The track portions 72" are inclined relative
to the axial direction from the lower end of the collet sleeve 15 to the upper end of the
collet sleeve 15. The track portions 72’ define a recess 74 therebetween for
accommodating clamping bolt 19°. Each track portion 72’ includes a tongue 76
extending from a radially outermost face thereof and away from the recess 74’. The
track portions 72’ are configured to engage with complementary portions located on the
clamping wedge 21°.

The collet sleeve 15’ further includes one or more (two in the depicted example)
stationary reaction members 80’ extending radially therefrom, on a side substantially
opposite to the track portions 72’. In this example, each stationary reaction member 80’
includes a pair of integrally formed and axially spaced contact projections 82,
configured to press in a balanced way against the inner wall of the foundation post &
when transverse movement of the clamping wedge 21’ occurs. The stationary reaction

members 80’ of the collet sleeve 15 work in combination with an outer clamping surface
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26’ of clamping wedge 21’ in order to clamp the securing assembly 3’ between the
support shaft 11’ and the foundation post 5 and thereby secure the heliostat 1’ to the
foundation post 5. In other words, unlike the earlier embodiment that utilised only
clamping surfaces 26 of the clamping elements 21 to engage against the inner wall of
the foundation post 5, in this further embodiment, both the outer clamping surfaces 26’
of clamping wedge 21’ and contact projections 82" of the stationary reaction members
80" engage against the inner wall of the foundation post &', forming a friction fit with the
foundation post 5°. In this way, the securing assembly 3’ can be clamped between the
support shaft 11’ and foundation post 5’ and thereby secure the heliostat 1’ firmly to the

foundation post 5.

The stationary reaction members 80" in this example are spaced about +/-60
degrees relative to a transverse axis when viewed in plan and passing through the
centreline of the wedge (Figure 6). However, it will be appreciated that the stationary
reaction members 80’ could also be spaced at wider or narrower angles. For example,
the stationary reaction members could be spaced between +/- 30° to +/-80°, in which
case the number of stationary reaction members opposite the track portions 72" can
vary. Ultimately, there will be a compromise between the number of stationary reaction
members present, which assist in balancing the loads against the inner wall of the
foundation post 5, and the overall mass of the insert. To form a balanced clamping
arrangement the reaction members 80’ and clamping wedge 21’ may be equi-angularly

spaced, in the present example by 120°.

The clamping wedge 21’ is substantially in the shape of a frusto-conical segment,
having an inner bearing surface 22’ from which a pair of spaced engagement portions
92’ inwardly extend from either side thereof. Each respective engagement portion 92°
with the inner bearing surface 22’ defines an inner channel 94’ configured to slidably
receive tongues 76’ of track portions 72 of the collet sleeve 15. The sliding
engagement between the tongues 76’ and channels 94’ allow for the relative axial and
radial movement between the collet sleeve 15 and the clamping wedge 21’. Channels
94’ have a lower open end for receiving the tongues 76’ therein, and a closed upper
end, which defines the lowest relative axial position of the clamping wedge 21’ relative

to the collet sleeve 15'.
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It will be appreciated that the outer bearing surface portions (i.e. the track
portions 72’) of the collet sleeve 15" and the inner bearing surface 22’ of the clamping
wedge 21’ are configured to transform at least a portion of relative axial movement
between the collet sleeve 15 and the clamping wedge 21’ into relative transverse
movement. This again is achieved by forming the track portions 72’ of the collet sleeve
15" and/or the inner bearing surface 22’ of the clamping wedge 21’ with a corresponding
inclination relative to the axial direction. This inclination of track portions 72’ and inner
bearing surface 22’ of clamping wedge 21’ is preferably between 5° and 7°, although it
will be appreciated that the angle of inclination may be larger or smaller than this and

still perform the desired function.

The clamping wedge 21’ further includes an elongate aperture 19.2° that extends
from an upper end to a lower end of the clamping wedge 21’. The aperture 19.2°
receives therethrough the clamping bolt 19°. The lower end of the clamping wedge 21’
includes internal thread 96’ (Figure 9A) that operatively engages with external thread on
the clamping bolt 19'. This threaded engagement between the clamping bolt 19" and the
clamping wedge 21’ facilitates the relative movement between the collet sleeve 15 and

the clamping wedge 21’ as will be described below.

Referring now to Figures 9A and 9B, a general method of securing the heliostat
1’ to the tubular foundation post 5’ will be described in more detail. It will be appreciated
that the method involving this embodiment of the invention is similar to that of the earlier

embodiment.

The insert in the form of collet sleeve 15’ of the securing assembly 3’ is initially
fitted to the support shaft 11’ of the heliostat 1, with said support shaft 11’ being
received within the aperture 17’ defined by the collet sleeve 15’. The support shaft 11’ is
a hollow cylindrical section with a torsional spring 12’ installed inside to provide tension
to the drive assembly around the azimuth adjustment axis. Accordingly, base portion 24’
of the collet sleeve 15’ can be used to retain and enclose the spring 12’ in the support
shaft 11’. The clamping wedge 21’ is then operatively engaged with the collet sleeve
15. This is achieved by first aligning the lower open end of channels 94’ of clamping
wedge 21’ with the upper end of tongues 76’ of the track portions 72’ of collet sleeve

15". Once aligned, the clamping wedge 21’ can be slid into the desired axial position,
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with the maximum position, i.e. the lowest axial position of the clamping wedge 271’
relative to collet sleeve 15’ being reached when the upper end of tongues 76’ abut the
closed end of channels 94’. However, as best shown in Figure 9A, the preferred
placement of the clamping wedge 21’ relative to the collet sleeve 15 is towards the
lowest axial position of the clamping wedge 21’ relative to the collet sleeve 15 so that

radially the clamping wedge 21’ is close to fully retracted.

Once the desired position between the collet sleeve 15’ and the clamping wedge
21’ is set, the clamping bolt 19’ is placed through bolt aperture 154’ in cover portion
151’, and through the elongate aperture 19.2’ in order to suitably connect the insert and
the clamping wedge 21'. It will be appreciated that as part of this connecting step,
clamping bolt 19’ is threadably engaged with internal thread 96’ of clamping wedge 21’
in order to fix the desired initial position between clamping wedge 21’ and the collet

sleeve 15'.

The assembly of the insert, clamping wedge 21’ and clamping bolt 19’ is then
located in the upper opening in the foundation post 5. Thus, the entire securing
assembly 3’ with the heliostat 1’ is inserted as a single unit. As previously mentioned,
the support shaft 11° may be non-concentric with the foundation post 5’ as is the case in
this example. This allows for reduction in mass of the collet sleeve 15 by allowing the
contact projections 82’ to be smaller as they do not have to span as far from collet
sleeve 15, and this also provides more freedom of movement for clamping wedge 21,

situated substantially opposite contact projections 82, within the foundation post 5.

Clamping bolt 19’ can then be operated to urge the clamping wedge 21’ axially
towards cover portion 151’ of the collet sleeve 15. As will be appreciated, rotation of
clamping bolt 19°, which has its axial movement restricted, will cause the clamping
wedge 21°, through the above described threaded engagement, to move axially along
the clamping bolt 19’ towards cover portion 151°. This movement will also cause relative
axial movement between the clamping wedge 21’ and the collet sleeve 15 as the
channels 94’ slide along tongues 76’ of track portions 72’. Thus, the clamping wedge 21’
will be pulled up, i.e. move axially relative to collet sleeve 15, towards cover portion

151’ to the position shown in Figure 9B.
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Due to the earlier described inclination, this relative axial movement between the
collet sleeve 15 and the clamping wedge 21’ simultaneously urges the clamping wedge
21’ in the transverse or radial direction as the inner bearing surface 22’ of clamping
wedge 21’ slides along the outer bearing surface of the collet sleeve 15'. Further still,
this transverse movement will also cause transverse movement of collet sleeve 15,
thereby causing stationary reaction members 80’, and specifically contact projections
82’, to bear against the inner wall of foundation post 5’ on the side substantially opposite
the clamping wedge 21’. The combination of the bearing loads provided by the outer
bearing surface 26’ of the clamping wedge 21’ and the contact projections 82’ of the
collet sleeve 15 provides a more even and balanced distribution of load against the
inner wall of the foundation post 5’. Thus, the clamping wedge 21’ and the stationary
reaction members 80’ are thereby wedged firmly between the collet sleeve 15 and the
foundation post &', clamping the securing assembly 3’ between the support shaft 11’

and foundation post 5" and securing the heliostat 1’ to the foundation post 5’.

It will also be appreciated that removal of the single unit made up of the entire
securing assembly 3’ with the heliostat 1’ can simply be achieved by first removing the
environmental plugs from the apertures in cover portion 151’, and fixing the retaining
member 160’ thereto. The retaining member 160’ will then restrain the head of clamping
bolt 19’ such that rotation of the clamping bolt 19’ in the opposite direction causes the
opposite sequence of movement between the clamping wedge 21 and the collet sleeve
15 to occur. Once the clamping wedge 21’ has been sufficiently retracted, i.e. moved
axially downward relative to collet sleeve 15’ (and consequently radially inwardly), the

unit can be simply lifted out of the upper opening of the foundation post 5°.

As will be appreciated to a person skilled in the art, this embodiment of the
invention is only exemplary. Any of the variations contemplated with respect to the

earlier embodiment may also equally apply in relation to this further embodiment.

Furthermore, it will be appreciated that other variations to this embodiment of the
invention are contemplated. For example, the track portions and tongues may instead
be provided on the clamping wedge, with the channels provided on the collet sleeve.
The number of clamping wedges, stationary reaction members and contact portions
may vary. Similarly, the arrangement may include equi-spaced clamping wedges
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engageable around the entire circumference of the collet sleeve rather than only a
portion of the collet sleeve.

The insert and clamping wedge may be constructed of any suitable material,
including steel, cast iron, and aluminium. However, it will be appreciated that other
materials may be suitable so long as they are capable of withstanding the operating
loads expected to be encountered.

It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations

constitute various alternative aspects of the invention.
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CLAIMS

1. A heliostat securing assembly for securing a heliostat to a tubular foundation
post, the assembly comprising:

an insert locatable within an upper opening in the foundation post, the insert
defining an aperture for receiving a support shaft of the heliostat;

a clamp arrangement for locating the insert in the upper opening in the
foundation post, the clamp arrangement having at least one inner or outer bearing
surface configured to bear against at least one corresponding outer or inner bearing
surface of the insert; and

one or more urging connectors for connecting the insert and the clamp
arrangement, the urging connector(s) being operable to urge at least one of the insert
and the clamp arrangement toward the other in an axial direction of the foundation post;

wherein at least one of the at least one outer or inner bearing surface and the at
least one corresponding inner or outer bearing surface is configured to transform at
least a portion of relative axial movement between the insert and the clamp into relative
transverse movement such that, when the insert is located in the upper opening in the
foundation post, operation of the urging connector(s) urges at least one of the insert and
clamp arrangement in the transverse direction to clamp the securing assembly between
the support shaft and foundation post and thereby secure the heliostat to the foundation
post.

2. The securing assembly according to claim 1, wherein at least one of the at least
one outer or inner bearing surface of the insert and at least one of the at least one
corresponding inner or outer bearing surface of the clamp are inclined to the axial

direction.

3. The securing assembly according to claim 1 or 2, wherein one of the insert and
the clamp arrangement comprises at least one locating flange configured to axially
locate the securing assembly in the upper opening of the foundation post prior to the
one or more urging connectors being operated to urge at least one of the insert and the

clamp toward the other.
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4. The securing assembly according to claim 3, wherein the at least one locating
flange comprises a continuous cover portion configured to fit over an upper peripheral
edge of the upper opening of the foundation post.

5. The securing assembly according to claim 4, wherein the cover portion has a
lower face with an annular recess defined therein for accommodating upper peripheral
edge of the upper opening of the foundation post.

6. The securing assembly according to either one of claims 4 or 5, wherein the
insert comprises the cover portion and an integrally formed insert portion extending from
the cover portion into the foundation post when the cover portion is fitted over the upper
peripheral edge of the upper opening of the foundation post, the at least one outer

bearing surface being formed on the insert portion.

7. The securing assembly according to claim 6, wherein the shaft of the heliostat is
cylindrical and the aperture defined by the insert is a complemental cylindrical aperture
that extends through the cover portion and into the insert portion.

8. The securing assembly according to any one of claims 4 to 7, wherein operation
of the one or more urging connectors urges the clamp arrangement toward the insert in

the axial direction.

9. The securing assembly according to any one of claims 1 to 8, wherein the tubular

foundation post comprises a circular hollow section.

10. The securing assembly according to claim 9 when dependent on any one of
claims 6 to 8, wherein the at least one outer bearing surface is a single, continuous

outer bearing surface that describes a frusto-conical profile.

11.  The securing assembly according to any one of claims 1 to 10, wherein the
clamp arrangement has at least one outer or inner clamping surface for forming a
friction fit with the foundation post or heliostat support shaft after operation of the urging

connector(s) to secure the heliostat to the foundation post.

12.  The securing assembly according to any one of claims 1 to 11, wherein the

clamp arrangement comprises a plurality of clamping wedges, the inner or outer bearing
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surfaces being formed by an inclined surface on each clamping wedge of the plurality of
clamping wedges.

13.  The securing assembly according to claim 12 when the at least one outer or inner
bearing surface accords with claim 10, wherein the clamping wedges are arcuate when
viewed in the axial direction of the foundation post and the inclined bearing surface of
each clamping wedge cooperates with single, continuous outer or inner bearing surface

that describes a frusto-conical profile.

14.  The securing assembly according to any one of claims 1 to 9, wherein the clamp
arrangement comprises a single clamping wedge, the at least one inner or outer bearing
surfaces being formed by an inclined surface on the clamping wedge, and a
corresponding inclined surface on the insert, and the securing assembly includes a
single urging connector connecting the clamping wedge to the insert.

15.  The securing assembly according to claim 14, wherein the aperture for receiving
the support shaft of the heliostat and the upper opening of the foundation post is not

concentric when in the clamped position.

16.  The securing assembly according to any one of claims 14 or 15, wherein the
insert includes the inclined outer bearing surface and guide means, and the clamping
wedge includes the inclined inner bearing surface and complemental guide means
interengagable with the guide means to enable sliding movement of the bearing

surfaces.

17.  The securing assembly according to any one of claims 14 to 16, wherein the
insert includes one or more stationary reaction members extending radially therefrom,
on a side substantially opposite to the clamping wedge, the one or more stationary
reaction members configured to press against the inner wall of the foundation post

when transverse movement of the clamping wedge occurs.

18.  The securing assembly according to claim 17, wherein each stationary reaction
member includes a plurality of axially spaced contact projections.
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19.  The securing assembly according to claim 17 or 18, wherein the stationary
reaction members are spaced between about +/- 30° to +/-80° relative to a transverse
axis when viewed in plan and passing through the centre line of the wedge.

20. The securing assembly according to claim 16, wherein the clamping wedge is
substantially in the shape of a frusto-conical segment, having an inner bearing surface
from which the complementary guide means of the clamping wedge extend.

21.  The securing assembly according to claim 20, wherein the complemental guide
means are a pair of spaced channel defining portions, each respective channel defining
portion, with the inner bearing surface, defining an inner channel configured to slidably
receive complemental tongues formed on the track portions of the insert.

22. The securing assembly according to any one of the preceding claims, wherein
the or each urging connector extends through an aperture in the insert and is operable

on the clamp arrangement.

23. The securing assembly according to claim 22, wherein the or each urging
connector comprises a clamping bolt with a drive head operable from above the insert,

and a threaded nut or sleeve positioned in or below the clamp.

24. The securing assembly according to any one of claims 14 to 21, wherein the
securing assembly further includes an attachable retaining member configured to
restrict axial movement of the urging connector out of the securing assembly when

operated.

25.  The securing assembly according to any one of claims 14 to 21, wherein the
urging connector is in the form of a clamping bolt having an external threaded portion
configured to threadingly engage an internal threading portion of the clamping wedge,
wherein the threaded engagement facilitates the axial movement between the insert

and the clamping wedge.

26. A method of securing a heliostat to a tubular foundation post, the method
comprising the steps of:
fitting an insert of a securing assembly to a support shaft of the heliostat, the

insert defining an aperture for receiving said support shaft;
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locating the insert in the upper opening in the foundation post with a clamp
arrangement, the clamp arrangement having at least one inner or outer bearing surface
configured to bear against at least one outer or inner bearing surface of the insert; and

operating one or more urging connectors that connect the insert and the clamp
arrangement to urge at least one of the insert and the clamp arrangement toward the
other in an axial direction of the foundation post such that at least one of the insert and
clamp arrangement is urged in the transverse direction to clamp the securing assembly
between the support shaft and foundation post and thereby secure the heliostat to the

foundation post.

27. The method of securing a heliostat according to claim 26, wherein the securing

assembly accords with any one of claims 1 to 25.

28. A heliostat arrangement comprising:
a tubular foundation post;
a heliostat securing assembly according to any one of claims 1 to 25, the
securing assembly received in an open upper end of the tubular foundation post; and
a heliostat comprising:
a drive assembly comprising a support shaft received in the heliostat
securing assembly; and
a mirror supported on the drive assembly such that the heliostat mirror can
be adjusted by the drive assembly to track the sun and keep it focussed on a receiver or
target,
wherein the securing assembly is clamped between the support shaft and

foundation post to thereby secure the heliostat to the foundation post.
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