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Actuating Support Member

This invention relates to an actuating support member for a (e.g. reflector antenna)
deployable structure, which is used to actuate the deployable structure from a
stowed state to a deployed state in which the structure defines a ring. In particular
the invention relates to a linear actuator and a support member for a deployable
structure. Once deployed, the actuating support member may act as a supporting

strut, e.g., for an elastic membrane.

In particular, but not exclusively, the (e.g. reflector) deployed structure can be used
to support a surface. The surface may be defined by a material that is flexible so
that it can be stored in a compact state when the structure is in the stowed state,
and form an expanded structure, such as part or whole of a (e.g. paraboloid) dish,
when the structure is deployed. Such a dish can be used as a reflector antenna.
Typically such dishes are used in space applications, where the dish needs to be
stored in a compact state when a platform (e.g. a satellite) is being launched, but
the dish can later be deployed to a large size, having for example a diameter from 2

metres to 50 metres or more.

One such deployable structure is disclosed in WO 2012/065619. This discloses a
polyhedral truss formed of a number of facets, each of which is formed of a six bar
linkage. A number of the trusses are connected together, and a membrane or mesh
is mounted on the surfaces of the trusses to form a radio frequency (RF) performing
reflective surface. A drawback of this system is that a synchronisation mechanism
or synchronised actuation systems would be required to deploy the facets. This

adds to the complexity and weight of the structure.

Viewed from one aspect, the invention provides an actuating support member for
use in a deployable structure which comprises a plurality of interconnected elongate
support members, the structure being deployable from a stowed state to a
deployed, expanded, state in which the support members are arranged in a ring;
each support member being provided with a connector mounted on the support
member for longitudinal movement with respect to the support member when the

structure is being changed between the stowed state and the expanded state;
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wherein the actuating support member comprises a drive member mounted
for longitudinal movement with respect to the actuating support member, and an
electromechanical device arranged to drive the drive member in one direction with
respect to the actuating support member; the drive member being connected to the
connector by a lost motion connection so that the drive member causes the
connector to move in said one direction when the drive member is moved by the
electromechanical device in said one direction, and the connector is capable of
moving in said one direction even if the drive member is not moved by the

electromechanical device.

The present invention provides an actuating support member for actuating a
deployable structure from its stowed state to its deployed state. The actuating
support member will typically form one of the plurality of support members that
make up the deployable structure. The actuating support member includes a drive
member that is connected to a connector mounted on the actuating support
member by a lost motion connection. This means that although the drive member is
capable of causing the connector to move in one direction (e.g. along the actuating
support member, when actuating the deployable structure from its stowed state to
its deployed state, towards a first end of the actuating support member (from a
second end of the actuating support member)) when the drive member is moved by
an electromechanical device (e.g. a (drive) motor), the connector is also capable of
moving in this direction (from the second end to the first end) even when the drive

member is not moved by the electromechanical device.

Thus, if the electromechanical device fails or there is another problem with moving
the drive member of the actuating support member (from the second end to the first
end, to deploy the deployable structure), the connector in the lost motion
connection can detach from the electromechanical device (e.g. a drive motor) at the
point of failure whereupon a drive (e.g. actuating) member (driving the deployment
of the structure) becomes driven, e.g. by another actuating support member in the
deployable structure. The lost motion connection in the failed actuating support
member will thus permit movement of the connector on that support member, i.e.
after the drive member has failed and stopped actuating the connector. Other
scenarios such as a large imbalance of displacements between drive members can

also lead to a detachment of the connector in the drive member which lags behind,
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e.g. when a deployable structure comprises a plurality of actuating support
members. The lost motion connection thus enables the deployable structure to be
deployed, even when a drive member stops moving (i.e. is not moved by the

electromechanical device).

In some embodiments, the actuating support member which is provided with a drive
mechanism (e.g. comprising the drive member and the electromechanical device
arranged to drive the drive member) comprises a hollow portion. In some
embodiments, the electromechanical device is contained within the hollow portion
of the actuating support member. In some embodiments, the electromechanical
device rotates an elongate drive shaft extending longitudinally inside the actuating
support member. In some embodiments, the drive shaft is in the form of a lead
screw which engages in a threaded portion of the drive member, so that rotation of
the lead screw cause longitudinal movement of the drive member. In some
embodiments the drive member has a body portion which is inside the actuating

support member.

In some embodiments the lost motion connection between the drive member and
the connector is provided by a portion of the drive member abutting against (but,
e.g., not fixedly connected to) a portion of the connector, so that movement of the
drive member towards the first end of the actuating support member (e.g. away
from a second end of the actuating support member) pushes the connector in the
same direction. However if the drive mechanism fails the first connector is still free
to move towards the first end of the actuating support member, e.g. the drive
member and the connector are arranged to detach from each other. Preferably the

drive member and the connector are separate (components) from each other.

Thus preferably the connector is able to be separated from the drive member at any
(e.g. at each and every) point along the length of travel of the drive member when
the deployable structure is being deployed from its stowed state to its deployed
state, e.g. whenever the drive member is not moved in the one direction by the

electromechanical device.

In some embodiments, at least a body portion of the connector is mounted on the

outside of the actuating support member (and, e.g., is separable from at least a
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portion of the drive member inside the actuating support member). In some
embodiments, at least part of the outer surface of the actuating support member

serves as a bearing surface for the connector.

In the embodiments in which the main body of the connector is mounted on the
outside of a hollow portion of the actuating support member that is provided with a
drive mechanism, and the main body of the drive member is within the hollow
portion of the actuating support member, there is a need for the drive member and
the connector to be engaged (but, e.g., not fixedly connected together, e.qg.
separable from each other). In some embodiments, an actuating support member
which is provided with a drive mechanism has a longitudinally extending slot so that

a connection can be established between the drive member and the connector.

In some embodiments, a projection of the drive member extends through the slot to
engage a portion of the first connector. In some embodiment, there is a plurality of
slots. In some embodiments there is a plurality of projections of the drive member,
e.g. one for each slot. In some embodiments there are two diametrically opposed
slots and there are two diametrically opposed projections on the drive member. It
will be appreciated that it would be possible to have an alternative arrangement in
which the connector has a portion which extends through a slot in the actuating
support member, and is engaged by a portion of the drive member inside the

actuating support member

In some embodiments an actuating support member which is provided with a drive
mechanism, is in the form of a tube in which the or each longitudinal slot is
provided. In other embodiments, the actuating support member is fabricated from a
plurality of elongate members, e.g. arranged parallel to each other. In some
embodiments, a first plurality of elongate members define a first side of the
actuating support member and a second plurality of elongate members define a
second side of the actuating support member, the first and second sides being
displaced laterally so that there are diametrically opposed slots defined between the

two sides of the actuating support member.

The invention also extends to a deployable structure which comprises a plurality of

interconnected elongate support members, the structure being deployable from a
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stowed state to a deployed, expanded, state in which the support members are
arranged in a ring; each support member being provided with a connector mounted
on the support member for longitudinal movement with respect to the support
member when the structure is being changed between the stowed state and the
expanded state;

wherein at least one of the support members comprises an actuating
support member in accordance with any aspect of the present invention to deploy

the deployable structure from its stowed state to its deployed state.

Preferably the deployable structure comprises a plurality of actuating support
members in accordance with any aspect of the present invention, e.g. such that if
one of the actuating support members fails, one (or more) of the other actuating
support members are still capable of operating to deploy the deployable structure
(with the lost motion connection operating so that the deployable structure is still
able to be deployed). Thus preferably, if one of the drive members remains
stationary (e.g. when one of the plurality of actuating support members fails), at
least one of the other actuating support members is capable of operating to deploy
the deployable structure owing to the lost motion connection between the connector
and the stationary drive member (of the failed actuating support member). Thus
preferably the at least one of the other actuating support members is arranged to
actuate the connector (of the failed actuating support member, associated with the
stationary drive member) in said one direction even if the stationary drive member
(of the failed actuating support member) is not moved by the electromechanical

device (of the failed actuating support member).

With the support members connected together in a ring, in some embodiments it is
not necessary for each support member to comprise an actuating support member
(i.e. to be provided with a drive mechanism), as movement of the connector on a
support member which is not provided with a drive mechanism will be effected as a
result of the connection of the support members together in the manner described,
so that the driving force is provided by the drive mechanism of another support
member (i.e. of an actuating support member). It would be possible for each
support member to be provided with a drive mechanism (i.e. to each comprise an
actuating support member), but reducing the number of drive mechanisms will

reduce the mass of the apparatus.
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The use of a plurality of drive mechanisms means that if there is failure of one drive
mechanism, the structure can still be deployed. If one drive mechanism should fail,
the lost motion connection between the movable support member and the drive

member of that support member means that the connector can still move freely, so

that the structure can be deployed.

The ring in which the support members are connected together may be any suitable
and desired closed chain. For example, the ring may form any suitable and desired

shape, e.g. circular, elliptical, circular-faceted or elliptical-faceted (e.g. polygonal).

The invention also extends to a deployable structure as described above, in
combination with a flexible element which extends across the structure when the
structure is deployed. Such a flexible element may be in the form of a mesh, a
membrane and/or a cable network structure. The flexible element may be stretched
across the structure. The combination of the structure and the flexible element may
provide a deployable structure suitable for use as a reflector or an antenna, or a

deployable structure suitable for use as part of a reflector or part of an antenna.

The invention also extends to a deployable structure as described above, in
combination with a plurality of like structures (e.g. sub-structures), so as to provide
a deployable structure suitable for use as a reflector or an antenna, or a deployable
structure suitable for use as part of a reflector or part of an antenna. Each sub-
structure may be provided with a flexible element which is stretched across the sub-
structure when the structure is deployed. Such a flexible element may be in the
form of a mesh or a membrane. Alternatively, a single flexible element may be

provided which is stretched across the complete structure when deployed.

Viewed from another aspect, the invention provides an actuating support member
for use in a deployable structure which comprises a plurality of interconnected
elongate support members, the structure being deployable from a stowed state to a
deployed, expanded, state in which the support members are arranged in a ring;
each support member being provided with a connector mounted on the support
member for longitudinal movement with respect to the support member when the

structure is being changed between the stowed state and the expanded state;
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wherein the actuating support member comprises a hollow portion, and said
connector is mounted on the exterior of the actuating support member for
longitudinal movement with respect to the actuating support member when the
structure is being changed between the stowed state and the expanded state;

the actuating support member is provided with two longitudinally extending
slots which provide communication between the interior of the actuating support
member and the exterior of the actuating support member;

an electromechanical device is mounted in the interior of the actuating
support member and is connected to turn a drive shaft which extends longitudinally
in the interior of the actuating support member,;

the drive shaft is connected to a drive member provided in the interior of the
actuating support member, so that rotation of the drive shaft causes longitudinal
movement of the drive member within the actuating support member;

connecting portions extend through the slots to provide a lost motion
connection between the drive member and the connector, such that movement of
the drive member in one direction with respect to the actuating support member
urges the connector in said one direction, and movement of the connector in said

one direction can be effected even if the drive member remains stationary.

It will be appreciated that this aspect of the invention may (and preferably does)
comprise one or more (or all) of the optional and preferable features outlined

herein.

In some embodiments, the connecting portions are parts of the drive member,

which pass through the slots and engage the connector.

The actuating support member may be incorporated with other support members in
a structure as described earlier. In some embodiments at least one other actuating
support member is incorporated in the structure. Thus, if the electromechanical
device (e.g. motor) fails or there is another problem with moving the drive member
of one of the actuating support members, the or each other actuating support
member may continue to cause deployment of the structure. The lost motion
connection in the failed actuating support member will permit movement of the

connector on that support member.
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In addition to the support members which are provided with actuating mechanisms,
the other support members may be hollow to reduce the mass of the support
members. The materials used in the construction of the deployable structure may
be strong and light. For example, the materials used may include carbon fibre

reinforced plastics and / or light metal alloys.

Some embodiments of the invention will now be described in more detail, by way of
example only, and with reference to the accompanying drawings, in which:

Figure 11 shows in diagrammatic form a structure comprising a rig formed of
a plurality of sub-structure modules;

Figure 2 shows an assembly of three support members of a structure in
accordance with the invention, connected together;

Figure 3 is a cross section on the line A-A of Figure 2;

Figure 4 is a top view of the assembly of Figure 2;

Figure 5 is an enlarged view of the portion marked B in Figure 3;

Figure 6 is an enlarged view of the portion marked C in Figure 3;

Figure 7 is an enlarged view of the portion marked D in Figure 3;

Figure 8 is an enlarged view of the bottom of a support member,;

Figure 9 is a view corresponding to Figure 8, with the collar removed to
reveal some of the drive member;

Figure 10 is a view corresponding to Figure 9, with the body of the support
member removed;

Figure 11 is a cross section through the collar mounted on the support
member;

Figure 12 is a diagrammatic view of an alternative from of support member
containing a drive member; and

Figure 13 is a side view of the assembly of Figure 12.

Figure 1 shows a plurality of sub-structure modules 12 that are connected in a ring
24 of pyramidal form. A common support member is shared between adjacent

modules.

Figure 2, 3 and 4 shows in more detail how the support members of a structure are

connected together and how a drive mechanism is provided to deploy the structure.
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A first elongate support member 27 is provided with an externally mounted collar 28
which is slidably mounted on the support member. On one side of the first support
member 27 is a second elongate support member 29 on which is provided an
externally mounted collar 30 which is slidably mounted on the support member. On
the other side of the first support member 27 is a third elongate support member 31
on which is provided an externally mounted collar 32 which is slidably mounted on
the support member. The first support member 27 is provided with a drive
mechanism as described later, to urge the collar 28 along the support member as to
deploy the arrangement from the state shown in Figure 2. The second and third
support members are passive and are not provided with drive mechanisms. The
collars 30 and 32 move when the collar 28 moves, as a result of the linkages

provided.

The collar 28 is connected pivotally to the first leg 33 of a first element of a scissor
mechanism, and a second leg 34 of the first element of the scissor mechanism is
pivotally connected to the upper end of the second support member 29. The first
and second legs 33, 34 of the first element of the scissor mechanism are angled
with respect to each other and are of equal length. In a similar manner, the collar 30
is connected pivotally to the first leg 35 of a second element of the scissor
mechanism, and a second leg 36 of the second element of the scissor mechanism
is pivotally connected to the upper end of the first support member 27. The first and
second legs 35, 36 of the second element of the scissor mechanism are angled
with respect to each other by the same angle as the legs of the first element. The
legs 35 and 36 are of equal lengths to each other and to the legs 33 and 34 of the

first element of the scissor mechanism.

The collar 28 is also connected pivotally to the first leg 37 of a first element of a
second scissor mechanism, and a second leg 38 of the first element of the second
scissor mechanism is pivotally connected to the upper end of the third support
member 31. The first and second legs 37, 38 of the first element of the second
scissor mechanism are angled with respect to each other and are of equal length.
In a similar manner, the collar 32 is connected pivotally to the first leg 39 of a
second element of the second scissor mechanism, and a second leg 40 of the
second element of the second scissor mechanism is pivotally connected to the

upper end of the first support member 27. The first and second legs 39, 40 of the
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second element of the second scissor mechanism are angled with respect to each
other by the same angle as the legs of the first element. The legs 39 and 40 are of
equal lengths to each other and to the legs 37 and 38 of the first element of the

scissor mechanism.

The first and second support members 27, 29 are also connected by a first link
member 41 pivotally connected to the bottom of the first support member 27 and a
second link member 42 pivotally connected to the bottom of the second support
member 29, the two link members 41, 42 being pivotally connected at 43. The first
and third support members 27, 31 are also connected by a third link member 44
pivotally connected to the bottom of the first support member 27 and a fourth link
member 45 pivotally connected to the bottom of the third support member 31, the

two link members 44, 45 being pivotally connected at 46.

As shown in Figure 3, the first support member 27 is hollow. Inside the first support
member, at the upper end, is an electric motor 47 (shown in Figure 6) which is used
to rotate a threaded lead screw 48. The lead screw 48 passes through a support
bearing 49 within the support member. The lead screw is threadedly engaged with
a threaded portion of a drive member 50 within the support member, which is
engaged with the collar 28. As the lead screw 48 is rotated by the motor 47, the
drive member 50 moves upwardly within the support member and pushes the collar
28 with it.

The arrangement is shown in more detail in Figure 5. The drive member 50 has a
central body portion 51 with a threaded bore which receive the drive shaft 48. The
drive member has, on diametrically opposed sides, laterally directed lugs 52 which
engage the underneath of the collar 28. The lower end of the support member 27 is
provided with a base 53 having a central aperture 54 serving as a bearing for the

end of the lead screw 48.

Figure 6 shows the motor 47 in more detail and Figure 7 shows the bearing 49 in
more detail. Figure 8 is an enlarged view of the lower end of the support member
27. As can be seen more clearly in Figures 9 and 10, the main body 51 of the drive

member has portions which 65 which extend through diametrically opposed
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longitudinally extending slots 55 in the support member 27. The portions 65

terminate in the laterally directed lugs 52.

As shown in Figure 11, the support member 27 comprises a first group of members
in the form of hollow tubes 56 and 57 either side of a rod 58; and a second group of
members in the form of hollow tubes 59 and 60 either side of a rod 61. These
members provide surfaces on which the collar 28 can run. The two groups of
members are displaced laterally so that there are gaps between them which provide
the slots 55.

Figures 12 and 13 show in diagrammatic form an alternative support member 62 to
be used in place of support member 27, in the form of a hollow tube, for example of
carbon fibre. This has a pair of diametrically opposed longitudinal slots 63. Within
the tube is a drive mechanism which includes a drive member having two
projections 64 which extend through the slots 63 to engage a collar such as 28

described earlier.

Where pivotal connections are provided for various components, these may use low

friction bushings.
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CLAIMS

An actuating support member (27, 62) for a deployable structure which comprises a plurality
of interconnected elongate support members (27, 29, 31), the structure being deployable from
a stowed state to a deployed, expanded, state in which the support members are arranged in
a ring; each support member being provided with a connector (28) mounted on the support
member for longitudinal movement with respect to the support member when the structure is
being changed between the stowed state and the expanded state;

wherein the actuating support member comprises a drive member (50) mounted for
longitudinal movement with respect to the actuating support member, and an
electromechanical device (47) arranged to drive the drive member in one direction with respect
to the actuating support member; the drive member being connected to the connector by a
lost motion connection so that the drive member causes the connector to move in said one
direction when the drive member is moved by the electromechanical device in said one
direction, and wherein the drive member and the connector are arranged to detach from each
other such that the connector is capable of moving in said one direction even if the drive
member is not moved by the electromechanical device,

wherein the lost motion connection between the drive member and the connector is provided
by a portion of the drive member abutting against a portion of the connector.

An actuating support member (27, 62) as claimed in claim 1, wherein the connector (28) is
able to be separated from the drive member (50) at any point along the length of travel of the
drive member when the deployable structure is being deployed from its stowed state to its
deployed state.

An actuating support member (27, 62) as claimed in claim 1 or 2, wherein the connector (28)
is able to be separated from the drive member (50) whenever the drive member is not moved
in the one direction by the electromechanical device (47).

An actuating support member (27, 62) as claimed in claim 1, 2 or 3, wherein the actuating
support member comprises a hollow portion and at least part of the drive member (50) and/or
the electromechanical device (47) is contained within the hollow portion of the actuating
support member.

An actuating support member (27, 62) as claimed in claim 4, wherein the electromechanical
device (47) is arranged to rotate an elongate drive shaft (48) extending longitudinally inside
the actuating support member.

An actuating support member (27, 62) as claimed in claim 5, wherein the electromechanical
device (47) is contained at least partly within the hollow portion of the actuating support
member.

An actuating support member (27, 62) as claimed in claim 5 or 6, wherein the drive shaft is in
the form of a lead screw (48) which engages in a threaded portion of the drive member (50),
so that rotation of the lead screw cause longitudinal movement of the drive member.

An actuating support member (27, 62) as claimed in any preceding claim, wherein the
connector (28) is in the form of a collar (32) mounted on the outside of the actuating support
member.
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An actuating support member (27, 62) as claimed in claim 8, wherein the actuating support
member has a longitudinally extending slot (55, 63), so that a connection can be established
between the drive member (50) and the collar (32).

An actuating support member (27, 62) as claimed in claim 9, wherein a projection (64, 65) of
the drive member (50) extends through the slot (55, 63) and abuts against a portion of the
collar (32).

An actuating support member (27, 62) as claimed in claim 10 wherein there are two
diametrically opposed slots (55, 63) and the drive member (50) has two projections (64, 65),
one extending through each slot.

An actuating support member (27, 62) as claimed in claim 1 or 2;

wherein the actuating support member comprises a hollow portion, and the connector is in the
form of a collar (32) mounted on the exterior of the actuating support member for longitudinal
movement with respect to the actuating support member when the structure is being changed
between the stowed state and the expanded state;

the actuating support member is provided with two longitudinally extending slots (55, 63) which
provide communication between the interior of the actuating support member and the exterior
of the actuating support member;

wherein the electromechanical device (47) is mounted in the interior of the actuating support
member and is connected to a drive shaft (48) and configured to turn a drive shaft which
extends longitudinally in the interior of the actuating support member;

the drive shaft is connected to the drive member (50) provided in the interior of the actuating
support member, so that rotation of the drive shaft causes longitudinal movement of the drive
member within the actuating support member;

and connecting portions extend through the slots to provide the lost motion connection
between the drive member and the collar, such that movement of the drive member in one
direction with respect to the actuating support member urges collar in said one direction, and
wherein the drive member and the collar are arranged to detach from each other such that
movement of the collar in said one direction can be effected even if the drive member remains
stationary,

wherein the lost motion connection between the drive member and the collar is provided by a
portion of the drive member abutting against a portion of the collar.

A deployable structure which comprises a plurality of interconnected elongate support
members (27, 29, 31), the structure being deployable from a stowed state to a deployed,
expanded, state in which the support members are arranged in a ring; each support member
being provided with a connector (28) mounted on the support member for longitudinal
movement with respect to the support member when the structure is being changed between
the stowed state and the expanded state;

wherein at least one of the support members comprises an actuating support member (27,
62) as claimed in any preceding claim, wherein the actuating support member is arranged to
deploy the deployable structure from its stowed state to its deployed state.
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14. The deployable structure as claimed in claim 13, wherein the deployable structure comprises

15.

a plurality of actuating support members (27, 29, 31), wherein plurality of actuating support
members are arranged such that if one of the drive members (50) remains stationary, at least
one of the other actuating support members is capable of operating to deploy the deployable
structure owing to the lost motion connection between the stationary drive member and the
connector (28).

The deployable structure as claimed in claim 14, wherein the at least one of the other actuating
support members (27, 29, 31) is arranged to actuate the connector (28) associated with the
stationary drive member (50) in said one direction even if the stationary drive member is not
moved by the electromechanical device (47).



