1 ROTATABLE BUI LDI NG The present invention relates to
a building structure and, in particular, a rotatable
buil ding structure. 5 Rotating structures are known in
the art, which generally relate to the rotation of a
single level or enclosure, such as a rotating
restaurant. However, building structures may of course
be very heavy and 10 consequeptly the design of a
rotating building that is capable of rotating,
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regardless of whether it is small and light or large and heavy, is not
straightforward. The bearing requirements to move an entire building can
be considerable and consideration has to be given to lateral loads applied
due to the building, in particular due to wind or seismic loads, as well as

the weight load of the building itself and its contents.

There is therefore a need for a rotatable building structure that is able to
rotate regardless of whether the building is light or heavy and that is able
to withstand environmental and other factors, in particular wind, seismic

effects and variations in temperature.

The present invention provides a rotatable building structure that
comprises: ‘

a vertically extending building having one or more floors;

a fixed core support for supporting the building, located
substantially centrally beneath the building;

a rotatable annular drive system for rotating the building, located
lower than the building and with its centre substantially aligned with the
vertical centreline of the building, the system having an upper surface and

a planar lower surface;



25a fixed core support for supporting the building,

| ocated substantially centrally beneath the buil ding;
a rotatable annular drive systemfor rotating the
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The use of a planar to planar bearing system for rotation is particularly
beneficial as it permits the drive system to successfully rotate heavy as
well as light buildings, even in the presence of lateral forces on the
building such as wind or seismiclloads. Furthermore, such a system is
15 tolerant in terms of manufacturing maintenance and installation

tolerances.

The system of the present invention may be used for rotating any size,

height and weight of building.

20
In particular, the system of the present invention may be used for heavy
buildings, e.g. buildings having loads of up to 10000 ton mass or higher,
preferably up to 25000 ton mass or higher, such as up to 50000 ton mass
or higher, e.g. 65000 ton mass or higher. (lton=1000kg).

25

In comparison, non-planar bearing systems, e.g. ball bearing or roller
based bearing systems, require each curved bearing surface on each ball
bearing or roller to be identical in order to ensure even load distribution.
Furthermore, the tracks on which the curved surfaces lie also need to be
30 precisely installed and/or machined. This results in a system that is

expensive if it is to be reliable.
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bui | di ng such as wind or seismc |oads. Furthernore,
such a systemis 15 tolerant in terms of manufacturing
mai ntenance and installation tolerances. The system of
the present invention may be used for rotating any

si ze, height and weight of building. 20 In particular,
the system of the present invention may be used for
heavy buil di ngs, e.g. buildings having | oads of up to
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In one eﬁbodiment, when the rotatable annular drive system rotates, the
building is likewise caused to rotate due to the upper surface of the
system being attached to the building. The attachment may be due to the
use of physical connectors for attaching a building to a foundation
component. Alternatively, friction may be used to create a degree of
attachment between the upper surface of the system and the building
sufficient to cause the building to rotate when the rotatable annular drive
system rotates. For example, a high friction surface may be used on the

upper surface of the system and/or on the lower surface of the building.

In one embodiment, the present invention provides a rotatable building
structure that comprises:

a vertically extending building having one or more floors;

a fixed core support for supporting the building, located
substantially centrally beneath the building;

a rotatable annular drive system for rotating the building, located
lower than the building and with its centre substantially aligned with the
vertical centreline of the building, the system having an upper surface
that is attached to the building and a planar lower surface;

a fixed outer support, located beneath the annular drive system, the
support having a planar upper surface that contacts the planar lower
surface of the annular drive system; and

wherein at least one of the lower surface of the annular drive

system and the upper surface of the fixed outer support is a bearing
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rotating the building. Accordingly, when the rotatable
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that the annular drive system can rotate over the fixed outer support. In
15 one embodiment, it is present beneath substantially all or all of the lower

surface of the annular drive system.

In a preferred embodiment the single continuous fixed outer support is
annular. The annular shape may suitably have substantially the same
20 internal diameter as the annular drive system. The annular shape may

suitably have substantially the same external diameter as the annular drive

system.

In an alternative embodiment, the fixed outer support is made up of two
25 or more discrete units. For example, the fixed outer support may be
made up of five or more discrete units, preferably ten or more discrete
units, such as twenty or more discrete units, for example thirty or more
discrete units, such as forty or more discrete units, e.g. forty two or more
discrete units.
30
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outer support. In one embodiment, it is present beneath substantially all
or all of the lower surface of the annular drive system.
15
In a preferred embodiment the fixed outer support made up from discrete
units is annular. The annular shape may suitably have substantially the
same internal diameter as the annular drive system. The annular shape
may suitably have substantially the same external diameter as the annular

20  drive system.

The fixed outer support and the fixed core support may, in one
embodiment be integral, forming a single support unit. In an alternative
embodiment, the fixed outer support and the fixed core support are

25  separate.

The planar upper surface of the fixed outer support and the planar lower
surface of the annular drive system may be the same or different
materials.

30



In a preferred enbodi nent the single continuous fixed
outer support is annular. The annul ar shape may
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In one embodiment both the planar lower surface of the annular drive
system and the planar upper surface of the fixed outer support comprise
bearing materials. Suitably, each of these surfaces is a bearing material
in the region where the surfaces in use contact one another in order to
25 permit rotation of the annular drive system over the fixed outer support

via a planar to planar bearing system.

In one such embodiment both the planar lower surface of the annular
drive system and the planar upper surface of the fixed outer support are

30 bearing materials.



20 drive system The fixed outer support and the fixed
core support may, in one embodinent be integral,
form ng a single support unit. In an alternative
enbodi nent, the fixed outer support and the fixed core
support are 25 separate. The pl anar upper surface of
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'S on
fixed outer support via a planar to planar bearing system.

In one such embodiment, only the planar lower surface of the annular

drive system is bearing material.

In a further alternative embodiment, only the planar upper surface of the
fixed outer support comprises bearing material. Suitably, the planar
upper surface of the fixed outer support is a bearing material in the region
where it in use contacts the planar lower surface of the annular drive
system in order to permit rotation of the annular drive system over the

fixed outer support via a planar to planar bearing system.

In one such embodiment, only the planar upper surface of the fixed outer

support is bearing material.

The bearing material may be present due to there being a coating or layer
of bearing material provided on the lower surface of the annular drive
system and/or the upper surface of the fixed outer support. Alternatively,
the bearing material may be present due to the lower surface of the
annular drive system being made from bearing material and/or the upper

surface of the fixed outer support being made from bearing material.

Examples of suitable bearing materials include: alloys, such as bronze;
plastics materials, such as PTFE (e.g. Teflon ®); greased metals, such as

greased steel or greased stainless steel; and oil filled pads.



necessary for at |east one of these surfaces to be a
bearing material in the 10 regi on where the surfaces

in use contact one another in order to permt rotation
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enbodi nent, only the planar |ower surface of the
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preferably 0.0025 or less, e.g. 0.001 or less.

The planar surfaces may be lubricated/greased or unlubricated/ungreased

in order to achieve an appropriate coefficient of friction.

The use of bearing materials that have a small difference between the
dynamic and static coefficients of friction is preferable, because a
‘judder’ could be created if a significant variation between the static and

dynamic exists.

It is therefore preferred that lubricant/grease is present on the surfaces of
the planar to planar bearing system in order to reduce the possibility of
‘judder’ occurring, in particular through forced lubrication of the surfaces

of the planar to planar bearing system.

In those embodiments where one of the planar lower surface of the
annular drive system and the planar upper surface of the fixed outer

support is not a bearing material, the surface may be any other suitable



5 support in order to permt rotation of the annul ar
drive systemover the fixed outer support via a planar
to planar bearing system In one such enbodi nent, only
the planar | ower surface of the annular drive system
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connected to the upper surface of the annular drive system via one or
more other components. Conventional means for attaching a building fo a
foundation component may suitably be used.
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The annular drive system may be any suitable size in view of the building
size. Preferably, the annular drive system is sized such that it is located
close to the edge of the building base, for example less than 0.5m from
the edge of the building base, such as less than 0.lm from the edge of the
25 building base. In on embodiment, the annular drive system has a
diameter of 15m or more, such as 20m or more, e.g. about 20 to about

25m.

The annular drive system suitably comprises an annular drive ring and

30 one or more drive means for turning the drive ring.



Preferably, the bearing materials have a dynamc
coefficient of friction of 0.3 or lower, such as 0.25
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which is in particular useful when the building to be rotated is heavy.

In one embodiment, the annular drive sysiem comprises an annular drive

ring and one or more linear actuators for turning the drive ring.

Suitably, the annular drive system comprises an annular drive ring and
two or more linear actuators for turning the drive ring, such as four or
more linear actuators, preferably six or more linear actuators, for
example ten or more linear actuators. In one embodiment the annular
drive system comprises an annular drive ring and twenty or more linear
actuators for turning the drive ring, such as twenty-four or more linear

actuators, for example twenty-eight or more linear actuators.

Preferably, the linear actuators are equally spaced.



5surface may be steel or stainless steel. The annul ar
drive system and buil ding may contact each other
directly. In one enbodi nent, the annular drive system
and buil ding may contact each other and be attached to
one another directly. Conventional physical 10
connectors for attaching a building to a foundation
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Preferably, the annular drive systemis sized such
that it is located close to the edge of the building

bagg, adf QMteSedive! Bmb6sSimdnhafiefd amR flimyar t fgusdge 1odatéchenly
bui | di ng base, such as |less than 0.1mfromthe edge of

th@u@!iiebﬁhpldé’fvﬁgﬂ%se In on enbodi nent, the annul ar
0dr| ve system has a

In a preferred embodiment there are linear actuators located both inside
and outside the drive ring. In particular, these linear actuators may be
provided in pairs, with one of each pair being located outside the ring and
the other being at a corresponding location inside the ring.

15

Preferably, the linear actuators in each pair are at an angle to each other;
more preferably the linear actuators in each pair are angled such that the
force they provide in the direction of turning the drive ring is additive but
the force each provides in directions other than the direction of turning

20 the drive ring is cancelled out by the other actuator in the pair.

The annular drive system may be indexed or continuous. Accordingly,
the building may be rotatable in an indexed fashion, by set increments, or
continuously.

25

In one embodiment, the annular drive system is indexed, and comprises a
ratcheted annular drive ring and a set of one or more drive means for
turning the drive ring by one or more ratcheted amounts in a single
direction. In one embodiment, the system further comprises second set of
30 one or more drive means, in the opposite direction to the first set of drive

means, such that the building could be indexed in either direction.



di anmeter of 15m or nore, such as 20mor nore, e.g.

about 20 to about 25m 10 The or each drive neans may
be attached to the annular drive ring. Alternatively,
the or each drive nmeans may contact and engage with

the annular drive ring to turn it, e.g. by engaging

wWth teeth on the drive ring. The or each drive neans
may be any suitable nmeans fogpturning the ring. For
exanpl e, the drive neans may be selected from |inear
actuators, gears (for exanple gears that drive onto a
gear annulus ring), and gr.ip and push clanp systens.
Whelrhe) qanglar digte i Fgaygiee&&‘gw o ‘ﬁ%@’é‘“ﬂ‘é@ be

mechani cal or electrical and may in particul ar be
selected fromrans, including hydraulic and pneupati

r arfs onarrdnknsiiment; skdcs is prsinglelcortinus agppial driyewing. 1 fn an
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is in particular useful en, the building to, be.
r offifeer MOrh éb\‘/‘fftte units, pregable B AL FBRLS &Pﬁrgteaﬁrr% rjich as

dr is¥@nSY 8t BIBré Wbt AmiAN feNEinasle Ahirtie of Gndrendis@stt units,
one or ‘'nore linear actuators for turning the drive

ri mgeh 8y foriploy marhalisereta|ugits de igy £05Y SWORTEBRRSH diggrete ppits.
10annul ar drive ring and two or nore |inear actuators

for turning the drive ring, such as four or nore

| i Naen ald uahdlas driveefisy dbimadsivp of diseree|unitsarthese may or
actuators, for 25 exanple ten, gr re |i.near. . .
A BPContact ah GhS aPREted et S araperiive TESHE AT
CONPid $6mave JNBHKRY ikl Voutsd RGppurd suvkrthy: e abmsdar drive
i near actuators for turning the drive ring, such as

t westyBtgnf isunotased wisy & Planae i PRBRBRASHNE SSBM-exanpl e
15twenty-ei ght or nore |inear actuators. 11

The use of a modular system is beneficial. The use of two or more
discrete units may be advantageous in that it allows for more ready
replacement of the annular drive ring in the event its lower surface
becomes worn. In one embodiment, the discrete units making up the
20 annular drive ring are adapted such that each can be jacked up. This then
enables the adjacent discrete units to be pressurised, thus relieving the

load on the discrete unit to be replaced.

The annular drive ring and fixed outer support may both be made up of
25 two or more discrete units. In this case, the annular drive ring and fixed
outer support therebelow, with the annular ring being rotatable over the
fixed outer support, may be provided by the use of pot bearings arranged
into a ring shape. For example twenty or more pot bearings may be
arranged into a ring shape, preferably thirty or more pot bearings, such
30 as forty or more pot bearings, e.g. forty two or more pot bearings. The

pot bearings may have any suitable combination of sliding/bearing



There may be drive neans |ocated only outside the
drive ring, or there may be drive neans | ocated only
inside the drive ring, or there may be drive neans

| ocated both inside and outside the drive ring. 5 In
one enbodi ment there are |inear actuators |ocated only
inside the drive ring. In an alternative enbodi nent
there are linear actuators Iggated only outside the
drive ring. 10 In a preferred enbodi nent there are

| | REALCAC ML DTraan RCRHR IhdRBdVel disdudSioand thelkGitdite ituterials
drive ring. In particular, these |inear_actuators m
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cof%%@%%%%%%dg?%%gtion inside the ring. 15 Preferably,
the linear actuators in each pair are at an angle to

each ot her; re preferably. the |ingar t yat gr s.. |
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t heach becinfependputlyirbsi sRlecsesl f1o8 apFtaREYan Sguare and circular

canﬁ?IIed out by the other actuator in the pair. The
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anidi&r drive system may be i ndexed or continuous.

Accordingly, the building nay be rotatable in an

i ndexed fashion,, by set increnents, or t i npuossl .
105 ity BRb@ntothifolt, e runaleh Srve ipe ppaR) oty oL e fixed
| NQRxGdsuppRst GRAPHE SeRchd’ Aipebpigdiyannuiar drineeweighy and
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15 i, S e A RS, SO Bl iy o
di SefiRin@rPhnd W4t PetRUhe majority of the building weight (load) when
the building is to be stationery, whilst the annular drive system may
comprise one or more portions that move and that that bear at least a
portion of the building weight when the building is to be rotated, the

20 building structure further comprising means for transferring load from the

stationery portions to the moveable portions.

Sufficient load should be transferred to the moveable portions such that

when the moveable portions are moved, this causes rotation of the

25 building.

The stationery portions may, for example, bear 80% or more, such as
90% or more, e.g. 95% or more of the building weight when the building
is to be stationery. Accordingly, when the building is to be stationery the
30 moveable portions may, for example, bear 20% or less of the building

weight, e.g. about 5 to 20%.



In one enbodi nent, there is a single continuous
annul ar drive ring. In an 5 alternative enbodi nent,
the annular drive ring is nade up of two or nore

di screte units. For exanple, the annular drive ring
may be nmade up of five or nore discrete units,
preferably ten or nore discrete units, such as twenty
or nore discrete units, for ei%nple thirty or nore

di screte units, such as forty nore discrete units,
e.g. forty two or nore discrete units. 10 Wen the
annul ar drive ring is nade up of discrete units, these

may %hemdnhﬂs kesnt ansferaed, wheethe pubdingeld tohbe reteted, the
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drive ring in the event its |ower surface becones

wor A0% er prese.cxvsb s 199 or mingedi screte units making up
the 20 annular drive ring are adapted such that each
can be jacked up. This then enables the adjacent
di siu ehiz embbdiment,bén psrdss b pathit trbtasionebf ake nanulee drive
b{oad on the glbesg %}e unit to be rePI aced. The_ annul ar
ri VSRR AYeR Ahe TR QUiSh SEPPH Sbf PLaRay th Blanap Hearng sYfiem.
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beari ngs arrang |ng shape. exa
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ucfiriz® SystepnpRq, iy P E“&BP Ef:f?‘f%a the, Hyed rutte S‘ER/RS’“ in
or Q¥ &Mt deamb@s. The pot bearings nmay have any
sui tabl e conbi nati on of sliding/bearing
The means for transferring load from the stationery portions to the
moveable portions may, for example, be pressurisers that are used to
20 apply pressure under the moveable portions to transfer load from the
stationery portions to the moveable portions; for example inflation with a
gas, such as air, or with a liquid, such as oil or water, or with wedges
could be used to apply pressure under the moveable portions to transfer
load from the stationery portions to the moveable portions. In one
25 embodiment, a hydraulic fluid is used to apply pressure under the

moveable portions to transfer load from the stationery portions to the

moveable portions.

Suitably, the load transferors are also able to transfer load back to the

30 stationery portions from the moveable portions. For example, if



13 surfaces, in accordance wth the above di scussion
of the suitable materials for the planar surfaces; for
exanpl e di npl ed PTFE surface with a stainless stee
surface. 5 The units for the annular drive ring and/or
the units for the fixed outer support may be any

sui tabl e shape and size. They may, for exanple, each
be independently be sel ected {kromrectangul ar, square
and circul ar shapes. 10 The nunber of units for the

angﬁije%rgéfsvﬁer L, Qﬁggﬂéssum uBddrothet h@véible ootiorer can be
support nmay be selected appropriately in view of the
weimghaasethtly detpgpssupibinghe bui | di ng. Equal |y, the shape
and size of these units may be sel ected bearing in

m nd the wei ght and hei ght of the building. 15 The
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conprise one or nore portions that nove and that that
bear at |east a portion of the building weight when
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bear 20% or |ess of the building weight, e.g. about 5
130 20% 14 When load has been transferred, when the

bui irglé BGtibferdyOrile nia9t B Rdatell hfsid® ve abisklepthetanonsr mng,
for exanple, bear at |east 50% or nore of the
In one embodiment, the annular drive system includes an annular drive
ring that comprises one or more moveable pads. The annular drive ring
20 may comprise any suitable number of pads but may preferably comprise
four or more moveable pads, e.g. eight or more, such as ten or more;
preferably 12 or more, e.g. 20 or more, such as 24 or more moveable
pads. The moveable pads preferably can move in a circumferential
motion; most preferably they slide in a circumferential motion.
25
In this embodiment, the building structure also includes ome or more
stationery pads. The building structure may comprise any suitable
number of stationery pads. Preferably it comprises four or more
stationery pads, e.g. eight or more, such as ten or more; preferably 12 or
30 more, e.g. 20 or more, such as 24 or more stationery pads. In one

embodiment, there are at least the same number of as stationery pads as



bui | di ng wei ght when the building is to be rotated,
such as 60% or nore; 5 preferably the noveabl e
portions bear 70% or nore of the building weight when
the building is to be rotated, for exanple 80% or
nore, e.g. 90%or nore, such as 95% or nore. In this
enbodi nent, in order to permt rotation of the annul ar
drive 10 systemover the fixgg outer support via a
pl anar to planar bearing system it is only necessary
f orm@eabRAPAASO Prefirablie thirenare iwicerassmefpctatiphershgads as
nmoveabl e portions of the annular drive system and the
pl aneveablsrRadssurface of the fixed outer support to be
a bearing material in the region where the planar
| oner surface of the noveabl e portions of the annul ar
15 Tdr bue eyisdémentn dthehsnqyieablgr Paffpare sfarapaceds betygen the
fixed. outer support . :
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| east” a portion of the building
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20 The use of such a system avoids the need for a ratchet system.
Additionally, bearing material need only be present at the area of contact,
during movement, between the moveable portions of the annular drive

ring and the outer support.

25  The rotatable building structure of the present invention may be provided
with one or more seals as appropriate to protect the planar to planar

bearing system from ingress of dirt or other contaminants.

The rotatable building structure may further comprise a load bearing body

30 below the building. In particular, the load bearing body may be a sealed



10 wei ght when the building is to be rotated and the
bui I ding systemincludes a stationery ring that bears
the majority of the building weight (load) when the
building is to be stationery, the building structure
further conprising neans for transferring |load from
the stationery portions to the noveable portions. 15
The stationery ring may be | ocated inside or outside
the annular ring. In one enbodf nent, the annular drive

SYSLE4Y | FFChiydRe %&haqg %Qfer dri "I\h% dA8H Rty P MRydis e§1ay be

one or” nore ‘noveabl e pads. The annular drive ring 20
may possqisegleasaryuized ta@ btcsndm aridesirest leyeldef Ivad heaging.

preferably conprise four or nore noveabl e pads, e g.
ei ght or nore, such as ten or nore; preferably 12 or

MOr €he Gnflusidd & sudd € lo&llbbaraty Bddylis H&Vzﬁltmbaabb ewith high
ads. . The npyeabl e pads preferably can

i r Bighghd Rpldings e WeREht nRss th epﬂvé?ré%mlvngﬁ%%}n% tpyighy and
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structure al so 1 ncludés one or nore
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e.g. 20 or nore, such as 24 or nore stationery pads.
19n one enbodiment, there are at |east the same nunber

of  §fe HradshRNSF YheoﬁﬁilﬁdQ§ setlfdw enough to still ensure stability of the
building. The liquid pressure may be applied via a header tank, e.g. from
the top of the building, and trimmed to achieve the desired operating
pressure.
15
When not rotating it is preferred that the liquid pressure is maintained but
is isolated to avoid excessive liquid loss in the accidental event of seal
failure. During rotation the pressure will be reapplied and monitored to
ensure correct residual bearing loads. The pressure may be selected to
20 reduce frictional resistance but to maintain sufficient bearing load to
prevent any lift-off during extreme wind loading. In a seismic event any
lift-off of the bearings will cause seal rupture and will instantaneously
restore the full building load to the bearing. As a further security
feature, in the event of any abnormal conditions a fast-acting valve will
25 release the liquid pressure and restore the full building load to the

bearing.

The building may be rotatable by any suitable amount, for example one
degree or more, such as 10 degrees or more, such as 30 degrees or more;
30 preferably 45 degrees or more, for example 60 degrees or more;

preferably 90 degrees or more, for example 135 degrees or more, such as



noveabl e pads. Preferably, there are twi ce as nmany
stationery pads as noveabl e pads. I n one enbodi nent,

t he noveabl e pads are interspaced between the 5
stationery pads. In particular, the novabl e pads and

the stationery pads may together forma ring that
conprises alternating noveabl e pads and stationery

pads. Wien the building is stationery, the majority of
the building weight (load) 10°Ts on the stationery
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or gibgf,contam nants. 17 body of |iquid, such as
wat er . e seal ed body of liquid may be pressurised as
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Pr €55Yhfm/sec or more, preferably 3mm/sec or more, e.g. 5mm /sec or
more.
25
The building may be rotated at any suitable average (mean) speed. In one
embodiment, the building can be rotated at an average (mean) annular
speed of 2.5mm/min or more, such as 5mm/min or more, preferably
7.5mm/min or more, e.g. 10mm /min or more. In one embodiment, the

30 building can be rotated at an average (mean) annular speed of 1mm/sec or



15 When not rotating it is preferred that the liquid
pressure is naintained but is isolated to avoid
excessive liquid loss in the accidental event of sea
failure. During rotation the pressure will be

reapplied and nonitored to ensure correct residua
bearing | oads. The pressure may be selected to 20
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The building may be any type of commercial or non-commercial building.
Preferably, the building is a commercial building. For example, the
building may be a hotel, restaurant, conference centre, multi-storey car
25 park, office block, pub or club. In one embodiment, the building is a

tower.

The building may have any suitable number of floors; for example it may
have two or more floors, such as five or more floors; preferably ten or
30 more floors, such as twenty or more floors, for example thirty or more

floors.



20 The building nmay be rotated at any suitabl e speed.
I n one enbodi nent, the building can be rotated at an
annul ar speed of 1nm sec or nore, such as 2mi sec or
nore, preferably 3misec or nore, e.g. 5mm/sec or
nore. 25 The building may be rotated at any suitable
average (nean) speed. In one enbodi nent, the buil ding
can be rotated at an average an) annul ar speed of
2.5mMmimn or nore, such as 5 ruin or nore,
preferably 7.5nmmmn or nore, e.g. |Om/mn or nore.
In one enbodi nent, the 30 building can be rotated at
an The paeseny invantiommillingw kphuthesfdessriliese bygneansgf example
nor S r sec or
ror G003 YTk BReeFLLC B SEolBl P f iRl w207
speed may be changed during rotation In this 5

- regard, the byilding rotati be |ncre sed
Erar o deiPeadun APt FehbralraRan of Tk 08an Bt
t hefQalableomBlRhg SRLAURPRLSECERARGE vsﬁithf hRAnb&Ridnot at i on,
e.g. two or nore, such as three or nore speed changes

The speed changes may be independently selected from

n speca ET5t Ok Rhe PsRBFA LAl Hbolhe HEiaB 6L SR Rar
I nddxiee sydtba dfithé duildingayrucoiratof Rigyresiyi t abl e di st ance

er index. For exanple, the building may rotate by
Omm or nore per index, such as 50mn or nore per

i ndex, prigueé 30k ¥ pIRP ATRLPIm TRAR aB6Ve sKiRikg if WethiPge
250mMm or nore per i ndex, nore
annular drive system of the building structure of Figure 1;

Figure 4 is a plan diagram from above showing in detail a first
15 alternative annular drive system that could be used in the building

structure of Figure 1;

Figure 5 is a plan diagram from above showing in detail a second
alternative annular drive system that could be used in the building

20  structure of Figure 1; and

Figure 6 is a perspective view showing in detail part of an
alternative annular drive system that coﬁld be used in the building
structure of Figure 1.

25
Figures 1-3 show a rotatable building structure 1 that comprises a
vertically extending building 2 having a number of floors 2a. The
building is provided with a base slab 2b at its base.



15 preferably 500mm or nore per index, such as 750m n
or nore per index, e.g. 800 nmor nore per index.

In one enbodi nent, the building can be used as a tine
piece, e.g. a lunar tinme piece, weekly tinme piece or a
time piece that indicates any other 20 nmeasurenent of
time. The building may be any type of commercial or
non- commer ci al bui | di ng. Prefffably, the building is a-
commerci al buil ding. For exa the buil ding my be

a hohelsiruezé aUaROt congRiee rL£A&Ed GRArhkE fodﬂdlaﬁbn %hpp&y 3 for
car 25 park, office block, pub or club. In

embSHRAPRERS thenkuilsling di nghis SURPQLS Aeis, logated l&‘eiqu%ihh jenggth the
havg,@fikg SUiiHaplL f lm?sr th%fbugfdﬂg fad faRks ?B%erﬁllaxeeff&n may

have tmo of nore oors suc Ive or nore floors;
preferably ten or 30 nnre floors, such as twenty or

re floor le thirt nore fl.oors, 20
heThs sBakire 0 ksritS Moot gl (PR HekBihyfigannutar
by siBNscagdd Rw@FDiban QRé YouiMidgh 21 efTae efig@ldrOoktbe support 7 is
acconpanyi ng draw ngs i n which: Figure 1 is

cr oeated ctuch fhpt theafixetheentralntoundation 5%HR°rbf3 i at its centre.
rotehaBLRy Rithhslt Z?lgﬁtra eﬁigﬁ#;@gwsﬁ%&&rﬂ@nce with the

i nventi on; cross sectional diagram
showing in detail the annular drive systemof the

1(P ul ’i‘gé ﬂf)lpertsrullchatcel:J g o?ftheFB o %upporg 9 is stainless steel.

The structure 1 further comprises a rotatable annular drive system 4.
This system is located lower than the building 2, but above the outer
support 7. The annular drive system 4 acts to rotate the building 2.

15
The annular drive system 4 comprises an annular drive ring 5 and linear

actuators 6 for turning the drive ring.

The annular drive ring 5 has an upper surface 5a that is attached to the
20  building 2 and a lower surface 5b that is planar and contacts the planar

upper surface 7a of the outer support 7.

The annular drive ring 5 is ratcheted, being provided with a number of
engaging teeth 8 around its outer curved surface 5d and its inner curved

25  surface 5c.

In the embodiment pictured, there are a total of 84 engaging teeth around
its outer curved surface 5d and a total of 84 engaging teeth around its
inner curved surface 5c, but the skilled man will appreciate that any
30  suitable number of teeth may be used depending upon the desired number

of degrees to be turned per index.



Figure 3 is a plan diagramfrom above show ng in

detail the annular drive system of the building

structure of Figure 1; Figure 4 is a plan

di agram from above showing in detail a first 15
alternative annul ar drive systemthat could be used in
the building structure of Figure 1, Figure 5is a

pl an di agram from above show Eg in detail a second
alternative annul ar drive syst€mthat could be used in
the building 20 structure of Figure 1; and Fi gure

6 is a perspective view showng in detail part of an

al t énnthei embatimehtupidnrede thyret ere twentyeightdlibearusedators 6,
the huil.ding structure of Figure 1, 25 Figures.1-3
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bui | . This support 3 1s located centrally
benagbh thededined| aimount 2f toWgqeee it contacts the buil ding
and takes load therefrom 5 The structure 1 further
conprises an outer support 7, which is annul ar and

| ocatsefildstrarid inhBipukd S, inithidi eigbdiimEhe tenlinear acudters 6 are
port, 7 i s |ocated such_ that thﬁlefi xed centr
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surface 7a of the outer suppor I's stainless Steel.
The structure 1 further conprises a rotatable annul ar

dri system 4... This system.is | ogat | 0 Nt

R A W e L S A A
dri peovyed eflydor iieSirshiler 5 af thet fikg 5Uliok diniyg oR.thd Duibde 5d of
annul ar, drive system 4 conpri ses ain annul ar l‘(iri ve ri nsq

18 afe ringenr Fagirgt dlustigtescuch gong Hnetmee graujer Flﬁ'lﬁ@ System,

where there are only linear actuators 6 on the outside 5d of the ring 5. In

the embodiment of Figure 4 the annular drive ring 5 is also not ratcheted.

In the embodiment of Figure 3, the linear actuators 6 in each pair are
20 tangentially angled such that the force they provide in the direction of
turning the drive ring 5 is additive but the force each provides in
directions other than the direction of turning the drive ring 5 is cancelled
out by the other actuator in the pair. The linear actuators 6 may in
particular be hydraulic rams or screw jacks.
25
The planar lower surface 5a of the annular drive system is provided with
a layer of bearing material having a coefficient of friction of 0.3 or

lower. In one embodiment this material is PTFE or bronze.



The annul ar drive ring 5 has an upper surface 5a that
is attached to the 20 building 2 and a | ower surface
5b that is planar and contacts the planar upper
surface 7a of the outer support 7. The annul ar drive
ring 5 is ratcheted, being provided with a nunber of
engaging teeth 8 around its outer curved surface 5d
and its inner curved 25 surfg%§ Sc. In the enbodi nment
pictured, there are a total 84 engaging teeth
ar OURLLrdtnb1PU RS afhii¥e ﬁrﬁb’_@k@féﬁi 20 rRfbs 3yih Of ?harﬁ} t84planar
engagi ng teeth around its inner curved surface Sc, but
t hebesring sygtemmnwith| the phgmae dowersuriage efhihe3mnylartdrbteering 5
nu tee bg u j on..t he i4ed
nunpbe 3pie Bl Ber e BFr SHREC Y RVl RirBR L
enbodi nent pictured, there are twenty-eight |inear
ctyators, 6, with fourteen spaced equal ly around the
it OPERAYa he RoFERCEs 9 ThF BiRRATaimnBIeREr dFFiRe Sy Hgmsmay be
andigheiehiegen spaced equal Iy around the inner curved 5
surface 5¢c of the annular drive ring 5. Again, the
skilled man wil|l appreciate that any suitable nunber
of gctyat : pengdi op .t skL.ed .
arm%ln{lyeéfﬂ% glrngg% 2 pt‘ﬁaé_@??il gs‘%rggttggir?ﬁe |eg£l}§’éﬁj%, Jh,lﬁﬁe ring 5,
t hi withrdaeti Himeur ddveatbr réeangaping atids ainbemgaginkO tquth\Vv8 dadthe
(n pairs, . with one of, each pair, bein ocat ed outsi de
14 h oty &t disgng: oFWE ABURDGrite HRE hTELpe TR over the
I OC@ﬁéi_eﬁ@utfﬁ& ‘?I@b? hiesek irf¥ghéted HRGANET . I N alternative
enbodi nents the linear actuators 6 may be provided
only on the inside 5¢c of the ring 5, or only on the

OUt'ﬂléj?otggoﬁ) fof the annular drive ring 5 lead to a corresponding rotation
of the building 2 that is attached to the drive ring 5.
15
The building 2 is rotatable in discrete indexed rotation through as many

degrees as required, i.e. it is fully rotatable.

In this example the building is only rotated in the clockwise direction as
20  all the linear actuators are positioned so as the push in a clockwise

direction.

However, as illustrated in Figure 5, by including a second set of linear
actuators 6a pointing in the opposite direction the building can be rotated
25 in both a clockwise and an anti-clockwise direction. In the embodiment
of Figure 5, as in Figure 4, there are only linear actuators 6 on the

outside 5d of the ring 5 and the ring is not ratcheted.

In Figure 6 part of an alternative annular drive system is shown, which
30 could be used in the system of Figure 1. The alternative annular drive

system comprises an annular drive ring made up of a number of the



15 the ring 5. Figure 4 illustrates such an

alternative annul ar drive system where there are only

| inear actuators 6 on the outside 5d of the ring 5. In

t he enbodi nent of Figure 4 the annular drive ring 5is

al so not ratcheted. In the enbodi nent of Figure 3, the
linear actuators 6 in each pair are 20 tangentially
angl ed such that the force thgx provide in the

direction of turning the driv&'ring 5 is additive but

t hedovegﬁeggﬁp lgrsﬁ}ﬂvgga F‘igm@' ¢ ©Pid Q0Re@ WMl withapprebte that
di rection turning the drive ring 5 is cancelled out

by thp saithiele mmtheatafr thermoveabjprapads Theoluldbgused to make up

actuyators 6 in_particul ar, be dr aul i .
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annghafculdr Y€ sel¢led@Nini SiePl OF ithketeitht land weight iDthe building;
bearing material having a coefficient of friction of

B. 3hgweyerndhere mayorfer exyBRienEAL4t his material is PTFE

or bronze. 23 Accordingly, the annular drive system4
rotates via a planar to planar bearing system wth

t he Tk aneveableweads ddr fradetevipacértbbetmeah statignsyepadsnly . 5Linear

bei ng_abl e rotate over the u r f 74 40f the
out 8Pte@thgh apof Mo ghajedfie PRE auf tlsgiBvia?, |
pl anar to planar bearing systemmay be |ubricated. In

use, the linear actuators 6 are #Jsed to drive thlgl. .
18nndihgrangpay elriverfingshassia HPRAACHITfAcR k! Spufashy Hie Rpilding and
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drive ring annul ar drive ring therefore rotates
oveputemsupppwr surface 7a by a set ratcheted anount.
The rotation of the annular drive ring 5 lead to a
corresponding rotation of the building 2 that is

at t @abe ehdveablegadrisvie showd tb.belditathed tuk lpdirngf 12ndas actuators
rotatable in discrete_indexed rotation throlglgh %’S many
15eghbor soving the Bl [However, fhe skilled mag, wpwf widerstand that

any suitable number of linear actuators could be used for moving each
pad. The linear actuators 16 may in particular be hydraulic rams or

screw jacks.

20 Each moveable pad 15 is also provided with a pressuring system (not
shown), such as an oil based inflation system, for transferring at least a
portion of the weight of the building (load) to the moveable pads 15 from
the stationery pads 17. When the inflation system is pressurised, load is
transferred to the moveable pads 15; when it is depressurised the load is

25 transferred back to the stationery pads 17.

Sufficient load must be transferred to the moveable pads 15 such that

when the moveable pads 15 are moved, the building is rotated.



In this exanple the building is only rotated in the
cl ockwi se direction as 20 all the |linear actuators are
positioned so as the push in a clockw se direction.
However, as illustrated in Figure 5, by including a
second set of linear actuators 6a pointing in the
opposite direction the building can be rotated 25 in
both a cl ockwi se and an anti ag ockwi se direction. In
t he enbodi nent: of Fi gure 5, in Figure 4, there are
onI | i near ag 0 I [
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pad 5 C b a 15
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weight if the building; 5 however, there may, for
exanpl e, be 24. The noveabl e pads 15 are interspaced

bet wge Rusrhédsl ANBIsYplaAdSoJplandribe@fing 39ttt @bE bé Gubrcated.
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17. The moveable pads 15 may then be returned to their original

position.



20 Each noveable pad 15 is also provided with a
pressuring system (not shown), such as an oil based
inflation system for transferring at |east a portion
of the weight of the building (load) to the noveable
pads 15 fromthe stationery pads 17. \Wen the
inflation systemis pressurised, load is transferred
-d 0 the noveabl e pads 15; m@&p it is depressurised the
load is 25 transferred bacK'to the stationery pads 17.
cpivsi ent | oad nust be transferred to the noveabl e
pads 15 such that when the noveabl e pads 15 are noved,
the building is rotated. 25 The upper surface 7a of

1he guier. SMARAIdinb SuBEANE Y5 Mrlflisl aver of bearing

mat eri aV|n |c e Iction of 0.3 or
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ofomengaiarﬁbqu $Xshem; 0026 CLAIMS 1. Arotatable
bui l\%hglg:n? L Y&dsY T e dthe GBYRE sifSice of the annular drive system

and the upper surface of the fixed outer support comprises a bearing
material, permitting rotation of the annular drive system over the fixed outer
support,

such that the annular drive system is rotated via a planar to planar
bearing system,

wherein the annular drive system comprises an annular drive ring and
drive means for turning the drive ring, wherein there are drive means located

both inside and outside the drive ring.

2. The rotatable building structure of Claim 1 wherein the fixed outer

support is made up of twenty or more discrete units.

3. The rotatable building structure of Claim 1 or Claim 2 wherein both
the planar lower surface of the annular drive system and the planar upper

surface of the fixed outer support are bearing materials.



a vertically extendi ng building having one or nore

floors; a fixed core support for supporting the
bui l ding, |located substantially centrally beneath the
bui | di ng; a rotatable annular drive systemfor

rotating the building, |located | ower than the buil ding
and with its centre substantially aligned with the

overtical centreline of thegguilding, t he system havi ng
an upper surface and a plarffar | ower surface; and

42 Tixpd ouiefatsplppOr %uﬂkiﬂf%t ethubrie alfaniyheheasntlatms 1 to 3
drive system the support having a planar

wheneimtlee beraingmatarialds stlecisidaiiam bropee agd Pf aEche of the
annul ar drive system wherein at | east one of
the | ower surface of the annular drive systemand the

5.UpPEThé Wb fatette Guildhey kiryetiro Wfeimysouxpof tclamspr its els waerein
bearing material, permtting rotation of the annular

ef@h.dréveswﬁémwé?ct@ﬁefrqublae%%rla@ubp%?@fs and grip gpd push

d% annul ar drive systemis rotated via a planar
anar bearing system wherei n the annul ar

drlve system conprises an annular drive ring and drive

nmeans, for t the drive r . erein. there.are
6.7 Bhe AL bGP b s bR TaiR G e R aT§ greans

1s“ln196ar a%tuaTGﬁsél@ét@Héfpérﬁ rRis|Hlang sk jaaisure of Caim |

wherein the fixed outer support is nade up of twenty
or nore dlscrete units. 3. The rotatable bU|Id|ng

str ure m.2 wher ei ot h

701 anthe oIS R Fite SfrodhEe BE b ari bl Bl o sargerein
the iRl &NaFive RPSlens Yo haeBeofant Aendlax diveutigs asdpRar ér more

are bearing materials. 0027 4. Therotatablebuilding

lingar getuntersoior anyping theodrive &ings 1 to 3 wherein the
bearing material is selected frombronze and PTFE. 5.
The rotatable building structure of any one of clains

8.1 t drde whatsile badding Bir\létulﬂea)lﬁsaninomeebécta&dlsf I oon7 wherein

| i near  actuators, gears, and grip a
thetesgtsrignear getupters/lgeaed hodh Rl A Oé‘f%li&j% ﬁﬁ@ nggo ai m
5 wherein each drive neans is a |inear actuator

sel ected fromranms and screw j acks.
9. The rotatable building structure of Claim 8 wherein the linear

actuators are provided in pairs, with one of each pair being located outside

the ring and the other being at a corresponding location inside the ring.

10. The rotatable building structure of Claim 9 wherein the linear
actuators in each pair are angled such that the force they provide in the
direction of turning the drive ring is additive but the force each provides in
directions other than the direction of turning the drive ring is cancelled out

by the other actuator in the pair.

11.  The rotatable building structure of any one of claims 1 to 10 wherein

the annular drive ring is made up of two or more discrete units.



7. The rotatable building structure of any one of

clains 1 to 6 wherein the annular drive system

conprises an annular drive ring and ten or nore |inear

actuators for turning the drive ring. 8. The

rotatabl e building structure of any one of clains 1 to

7 wherein there are linear actuators |ocated both
ool Nsi de and outside of the gkng. 9. The rotatable

bui l ding structure of Claim8 wherein the |inear
_actuators are provided in pairs, with one of each pair

being | ocated outside the ring and the other being at

a corresponding location inside the ring. 10. The

ot at.abl il ding struct ' . ' :

B T e S T S
anh@lGedti e Yidd ovindeised ohbeordinoee trhoveadle padsniang wherein the

drive ring is additive but the force each provides in
budlding sirBpdire aherine Hges ORE oFimeC SBRORFTY NI ng t he

drive ring is cancelled out by the other actuator in

the pair. 11. The rotatable building structure of any
130ne THe cdmatatie buiklidd ofh€iadimn 1hwharwinlthe amwae diimg ring

is made, up of two or re(giscrete units. Co28 12.
conMu IS tIgUh BT B1BE UG OP2dny one of the preceding

cl ains wherein the annular drive ring conprises one or

nore noveabl e pads and wherein the building structure
l4al sdlhenoitawble bwidding afoCkimt polRdaim pAdehereindthe Theveable

rotata?le.buiLdin of Claim.12 wherein the annul ar
pagsicgB SR D AR MO or e noveabl e pads.  14.

The rotatable building of daim12 or C aim13 wherein

t he noveabl e pads can slide in a circunferential )
15npt iThe rotagblaHwildieatafbery waiel of wépists dAytookt wherein the

¢lains 12 to 14 nt ujl di cture
L R S e
rotatable building of any one of clainms 12 to 15

wherein there are at | east the sane n

nb
1641 ot o1 ap B K i Gl enepaaLam 12 1918 Y B lege are
at Pt gl%ef]garﬁé gﬂ%e? 3¢ anstaQioq{eg% p%gs LOniReWbRr SR, the

noveabl e pads are interspac et ween the stationery
pads. 18. The rotatable building of one of clains 12

f wher ei .the building s stati t he .
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portion of this load is transferred onto the noveabl e
pads and the drive neans can nove the noveabl e pads

to, 4.n tur cause.rotation of , the buil di 9.

18, 0t bl e BRG A Pl SR, PL I AT iR - wAEF che
buRlISEL M BtiohatyTRhvhedjetity ifehbWdildiing lo&d &0ok itheiausionery
rotatable for one revolution or nore. _ ) X
pads and when the building is to be rotated at least a portion of this load is
transferred onto the moveable pads and the drive means can move the

moveable pads to, in turn, cause rotation of the building.

19.  The rotatable building structure of any one of the preceding claims

wherein the building is continuously rotatable for one revolution or more.



0029 20. Ther ot at abl ebui | di ng structure of any one of
the preceding clains wherein the building is rotatable
in both a clockwi se and an anticl ockwi se direction.

°e 29
20. The rotatable building structure of any one of the preceding

claims wherein the building is rotatable in both a clockwise and an

anticlockwise direction.



