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TITLE:

CABLE DEPLOYMENT APPARATUS, SYSTEM, AND METHODS FOR SUSPENDED LOAD
CONTROL EQUIPMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This is a non-provisional of and claims the benefit of the filing date of United
States provisional patent application number 62/810,875, filed 2019-02-26 (YYYY-MM-DD).

FIELD

[0002] This disclosure is directed to improved systems and methods for and related to a
cable connection apparatus to facilitate deployment of a system that controls suspended

loads, such as loads suspended by cable from helicopters, cranes, or the like.
BACKGROUND

[0003] People and/or equipment (“loads”) may be transported to or from a location as a
load suspended by a cable from a helicopter or crane, using a hoist system. Loads are
generally not buoyant. Cranes, helicopters, and other structures capable of carrying a load
with a hoist system may be referred to herein as “carriers”. During such operations, loads
are subject to winds and other external and internal factors that may cause the load to

move in an unstable or hazardous manner.

[0004] When deploying equipment from a carrier, such as onto a suspension cable that
may support a load (also referred to as a “cable”), the person and/or equipment tasked
with this job may be subject to hazards, such height, a requirement to lean out of an
enclosure of the carrier—such as over skids, pontoons, wheels, landing gear, or the like—
movement of the carrier, movement of other occupants of the carrier, steps required to
deploy the equipment, failure of the deployment system, failure of the deployed

equipment, loud noise, wind, rain, snow, and other environmental conditions.

[0005] In addition, equipment may fall from a carrier or from a suspension cable in an

undesired manner or circumstance. Loss of equipment from a carrier or suspension cable
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may jeopardize a mission and result in delays, increased risk, increased costs, injury, and
death. Falling equipment may cause injury, death, and property loss to those on the
ground and to those who may rely on the equipment to complete a mission. Weight and
volume of equipment in a carrier must also be reduced to reduce fuel consumption,

increase speed of the carrier, reduce loss of space within the carrier, and the like.

[0006] Equipment in or deployed from a carrier may be more functional if its behavior
includes complex actions; however, complex actions may also result in undesired
interactions with a highly variable and unpredictable environment in and near a carrier.
Training in use of equipment in a carrier is expensive. Complexity of equipmentin a
carrier—including equipment used to deploy other equipment—must be reduced to a

minimum, while also achieving desired functions.

[0007] Operators of carriers, such as helicopter crews, crane crews, and robotic systems
may use equipment that provides control of a suspended load, including equipment that
provides suspended load control remote from the carrier, e.g. at or near a load, using

remotely powered fans.

[0008] In hoist and sling operations, observed motion of suspended loads includes the
following components: vertical translation (motion up and down) along the Y axis (referred
to herein as “vertical translation”); horizontal translation along either or both the X and Z
axis; and rotation or “yaw” about the Y axis. Roll (rotation about the X axis) and pitch
(rotation about the Y axis) may also occur, though if a load is suspended by a cable and is
not buoyant, the typical motions are vertical translation, horizontal translation, and yaw.
Axis, when discussed herein, are relative to a normal axis of a suspended load. Vertical and
horizontal translation may be caused by movement of the suspension cable, such as by
movement of the carrier, pulling in or paying out the suspension cable, movement of the
load, movement of a center of gravity of the load, differences in momentum between the
load and the carrier, as well as by wind—including propeller wash—impacts, and external
forces. Horizontal translation can manifest as lateral motion or as or conical pendulum

motion of the load, with the pivot point of the pendulum being where the cable is secured
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to the carrier (“pendular motion”); pendular motion generally also includes a component

of vertical translation.

[0009] Yaw, lateral motion, and pendular motion can complicate lift operations, cause
delays, and can lead to death of aircrew, crane operators, and of people on the ground.
Yaw can produce dizziness and disorientation in humans. Yaw and lateral and pendular
motion can also interfere with bringing a load into or delivering a load to a location. For
example, delivery of a load to a deck of a ship may be significantly complicated by pendular
motion or yaw of the load, even if the deck is stable and is not also subject to heave, roll,
or pitch, as it may be. For example, bringing a person in a litter into a helicopter or onto a
helicopter strut may be hazardous if the litter is undergoing yaw or pendular motion as it is
drawn up to the helicopter. One or more components of undesired motion of the load may
accelerate or grow more pronounced as a load is drawn up to the carrier and the
suspension cable shortens. Horizontal and pendular motion of a load can also interact with
the carrier to produce dangerous or undesired reactive or sympathetic motion in the

carrier.

[0010] In addition, some suspended load operations may involve an obstacle, such as a
surface, cliff wall, building, bridge, tree limb, overhang, or other obstacle that may
interfere with one or more of carrier, load, and/or suspension cable. It may be desirable to
move the load relative to such an obstacle, or for other reasons, in a manner which does

not involve the load hanging at a lowest energy position below the carrier.

[0011] Use of equipment to provide control of a suspended load may be improved, made
less hazardous, or made more likely if systems and methods are provided to allow such
equipment to be deployed, used, recovered, and handled with minimum demands placed

on the party tasked with deploying the equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The sheets comprising Figures 1A to 4C, a first figure group, illustrate a

deployment system for a suspended load control system (“SLCS”), in accordance with an
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embodiment. The sheets comprising Figures 5A to 10B, a second figure group, illustrate an
SLCS with a deployment system, in accordance with an embodiment. The first and second
figure groups on these sheets may be viewed in a “flip-book” fashion; each sheet within a
figure group places the figures in the same position on the page relative to other sheets in
the figure group (subject to the vagaries of the USPTQO’s image capture system). Successive

figures on each sheet hide or show components, to illustrate remaining components.

[0013] Figure 1A is an isometric parallel projection view of a deployment system for a

suspended load control system (“SLCS”), in accordance with an embodiment.

[0014] Figure 1B is an isometric detail view of the deployment system of Figure 1A, with a

horizontal cross-section view across a midline of the deployment system.

[0015] Figure 1Cis a top plan view of the deployment system of Figure 1A, looking down

on the horizontal cross-section of Figure 1B.

[0016] Figure 2Ais an isometric parallel projection view of the deployment system of
Figure 1A with components hidden relative to Figure 1A, in accordance with an

embodiment.

[0017] Figure 2B is an isometric detail view of the deployment system of Figure 2A, with a

horizontal cross-section view across a midline of the deployment system.

[0018] Figure 2Cis a top plan view of the deployment system of Figure 2A, looking down

on the horizontal cross-section of Figure 2B.

[0019] Figure 3Ais an isometric parallel projection view of the deployment system of
Figure 1A with additional components hidden relative to Figure 2A, in accordance with an

embodiment.

[0020] Figure 3B is an isometric detail view of the deployment system of Figure 3A, with a

horizontal cross-section view across a midline of the deployment system.

[0021] Figure 3Cis a top plan view of the deployment system of Figure 3A, looking down

on the horizontal cross-section of Figure 3B.
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[0022] Figure 4Ais an isometric parallel projection view of the deployment system of
Figure 1A with additional components hidden relative to Figure 3A, in accordance with an

embodiment.

[0023] Figure 4B is an isometric detail view of the deployment system of Figure 4A, with a

horizontal cross-section view across a midline of the deployment system.

[0024] Figure 4Cis a top plan view of the deployment system of Figure 4A, looking down

on the horizontal cross-section of Figure 4B.

[0025] Figure 5Ais an isometric parallel projection view of a suspended load control

system (“SLCS”) incorporating a deployment system, in accordance with an embodiment.

[0026] Figure 5B is a top plan view of the suspended load control system (“SLCS”) with a
horizontal cross-section across a midline of the SLCS and deployment system, in

accordance with an embodiment.

[0027] Figure 6A is an isometric parallel projection view of the suspended load control
system (“SLCS”) incorporating the deployment system of Figure 5A with components

hidden relative to Figure 5A, in accordance with an embodiment.

[0028] Figure 6B is a top plan view of the suspended load control system (“SLCS”) of
figure 6A with a horizontal cross-section across the midline of the SLCS and deployment

system, in accordance with an embodiment.

[0029] Figure 7Ais an isometric parallel projection view of the suspended load control
system (“SLCS”) incorporating the deployment system of Figure 5A with additional

components hidden relative to Figure 6A, in accordance with an embodiment.

[0030] Figure 7B is a top plan view of the suspended load control system (“SLCS”) of
figure 7A with a horizontal cross-section across the midline of the SLCS and deployment

system, in accordance with an embodiment.

[0031] Figure 8Ais an isometric parallel projection view of the suspended load control
system (“SLCS”) incorporating the deployment system of Figure 5A with additional

components hidden relative to Figure 7A, in accordance with an embodiment.
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[0032] Figure 8B is a top plan view of the suspended load control system (“SLCS”) of
figure 8A with a horizontal cross-section across the midline of the SLCS and deployment

system, in accordance with an embodiment.

[0033] Figure 9Ais an isometric parallel projection view of the suspended load control
system (“SLCS”) incorporating the deployment system of Figure 5A with additional

components hidden relative to Figure 8A, in accordance with an embodiment.

[0034] Figure 9B is a top plan view of the suspended load control system (“SLCS”) of
figure 9A with a horizontal cross-section across the midline of the SLCS and deployment

system, in accordance with an embodiment.

[0035] Figure 10A is an isometric parallel projection view of the suspended load control
system (“SLCS”) incorporating the deployment system of Figure 5A with additional or

different components hidden relative to Figure 9A, in accordance with an embodiment.

[0036] Figure 10B is a top plan view of the suspended load control system (“SLCS”) of
figure 10A with a horizontal cross-section across the midline of the SLCS and deployment

system, in accordance with an embodiment.

[0037] Figure 11 is a detail view of a jaw bolt assembly within deployment system within

a suspended load control system (“SLCS”), in accordance with an embodiment.

[0038] Figure 12Ais a side elevation of a suspended load control system (“SLCS”)
incorporating a deployment system in a first configuration relative to a suspension cable,

in accordance with an embodiment.

[0039] Figure 12B is a side elevation of a suspended load control system (“SLCS”)
incorporating a deployment system in a second configuration relative to a suspension

cable, in accordance with an embodiment.

[0040] Figure 13 is a top plan view of a suspended load control system (“SLCS”) with an

area for insertion of a deployment system, in accordance with an embodiment.
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[0041] Figure 14 schematically illustrates electrical, computer processor, memory, and
logical components of a suspended load control system and of a remote interface, in

accordance with an embodiment.

[0042] Figure 15 illustrates an operational module of a suspended load control including

multiple modes or command states in accordance with an embodiment.

[0043] Figure 16 illustrates a suspended load control decision and control module in

accordance with an embodiment.

[0044] Figure 17 illustrates a deployment routine or module, in accordance with an

embodiment.
DETAILED DESCRIPTION

[0045] It isintended that the terminology used in the description presented below be
interpreted in its broadest reasonable manner, even though it is being used in conjunction
with a detailed description of certain examples of the technology. Although certain terms
may be emphasized below, any terminology intended to be interpreted in a restricted

manner will be overtly and specifically defined as such in this Detailed Description section.

[0046] Unless the context clearly requires otherwise, throughout the description and the

nn

claims, the words "comprise," "comprising," and the like are to be construed in an inclusive
sense, as opposed to an exclusive or exhaustive sense; that is to say, in the sense of
"including, but not limited to." As used herein, the term "coupled,” or any variant thereof
means any coupling, either direct or indirect between two or more elements; a coupling
between the elements can be physical, logical, or a combination thereof. Additionally, the

nn

words, "herein," "above," "below," and words of similar import, when used in this
application, shall refer to this application as a whole and not to particular portions of this
application. When the context permits, words using the singular may also include the
plural while words using the plural may also include the singular. The word "or," in
reference to a list of two or more items, covers all of the following interpretations of the

word: any of the items in the list, all of the items in the list, and any combination of one or

more of the items in the list. References may be made herein to modules, routines, and
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subroutines; generally, it should be understood that a module or routine is a software
program executed by computer hardware and that a subroutine is a software program
executed within a module or routine. However, modules or routine discussed herein may
be executed within another module or routine and submodules or subroutines may be
executed independently (modules or routines may be submodules or subroutines and visa

versa).

nn

[0047] As used herein, "releasable,” "connect,” "connected,” "connectable,”
"disconnect," "disconnected,” and "disconnectable"” refers to two or more structures which
may be connected or disconnected, generally without the use of tools (examples of tools
including screwdrivers, pliers, wrenches, drills, saws, welding machines, torches, irons, and
other heat sources) and generally in a repeatable manner. As used herein, "attach,"
"attached," or "attachable™ refers to two or more structures or components which are
attached through the use of tools or chemical or physical bonding. As used herein,

nn

"secure," "secured,"” or "securable" refers to two or more structures or components which

are either connected or attached.

n o n s

[0048] The phrases “in one embodiment,” “in various embodiments,” “in some
embodiments,” and the like are used repeatedly. Such phrases do not necessarily refer to
the same embodiment. The terms “comprising,” “having,” and “including” are
synonymous, unless the context dictates otherwise. As used in this specification and the

n u

appended claims, the singular forms “a,” “an,” and “the” include plural referents unless
the content clearly dictates otherwise. It should also be noted that the term “or” is
generally employed in its sense including “and/or” unless the content clearly dictates

otherwise.

[0049] Approaches to control suspended loads include countermeasures installed on a
carrier. For example, some airframes, such as the Skycrane(TM), have a rail system
installed beneath a cabin to mitigate sway of a load, though, being remote from the
suspended load, such rail system has margin effect. Some approaches to this problem

involve automated countering algorithms in an aircraft’s stability augmentation system,
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though, again, the effect of these measures is limited. At times, crew chiefs who remain
within a helicopter during an extraction try to affect a suspended load by pushing or
pulling a suspension cable from the helicopter; such efforts have limited effect and can be
hazardous. Crane operators may move loads at slow rates to minimize horizontal or
pendular motion or may use additional suspension cables or dedicated control cables
(whether on the ground, neighboring structures, or on the crane); these measures increase
costs, complexity, and risk of failure. All of these measures are inadequate and highly

problematic.

[0050] In various embodiments, as described further herein, a suspended load control
system provides control of a load, independent from a carrier. The suspended load control
system or suspended load stability system (referred to together as, “SLCS”) of this
disclosure controls a load by exerting force from thrusters, fans, or propellers, as are
found, for example, in electric ducted fans at, or near, a location of the load. Thrusters,
fans, propellers and electric ducted fans are referred to herein as “EDFs”. Vector thrust
force produced by the EDFs may be used to counteract yaw and pendular motion, may be
used to translate a load horizontally, such as to avoid an obstacle or to move a load into an
offset position relative to a normal lowest-energy hanging position, or may otherwise be
used to control the fine location and rotation of a load, independently from the carrier.
Consequently, an SLCS enhances mission safety and improves performance of carrier and
load operations as the SLCS dynamically controls fine location and rotation of a load,

separate from motion of the carrier.

[0051] Once deployed and in-use, the SLCS may be agnostic with respect to the platform
from which the load is suspended (e.g., the characteristics of a helicopter “ownship”, or a
crane, etc.), as it independently determines the thrust necessary to stabilize the load or to
direct the load in a desired direction. This permits widespread adoption of the system

regardless of carrier type, lowering cost and mitigating solution risks.
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[0052] An SLCS can provide benefits to, for example, helicopter search and rescue (“SAR”)
and sling load operations, forest fire helicopters, crane operations, construction sling load
operations, and civilian firefighting.

[0053] However, the SLCS may itself need to be deployed from a carrier. Deployment may
involve a multi-step process. In an early step in this process, a rescue diver and/or a litter,
chair, sling or the like may be clipped or otherwise secured to a suspension cable. The
securement point to the suspension cable may include a pivot to allow the load to rotate
without imparting significant rotational force on the suspension cable. The rescue diver,
litter, chair or the like then steps out of or may otherwise be released or disengaged from
the carrier to be suspended by the suspension cable. A rescue diver or another party may
then be tasked with securing the SLCS to the suspension cable above the level of the
rescue diver and/or litter. The secured SLCS must be secured to the suspension cable, but
it may also need to be removed. Securement and removal of the SLCS must be easy.

Securement of an SLCS to a cable should not fail in an undesired manner.

[0054] An SLCS secured to a cable may, for example, rotate, as it controls motion of the
load; however, rotation of the suspension cable may not be desirable. For example, a
braided cable may unwind or may develop over-winding kinks as it is rotated, either of
which can result in problems that range from endangering a mission to catastrophic failure
of equipment, including of the suspension cable. Securement of an SLCS to the cable may
be below the pivot. However, certain SLCS deployments may not allow a pivot to be
inserted between the top of the SLCS and the suspension cable; for example, a deployment
may require that an SLCS be attached to the suspension cable, above a level of a load (the
rescue diver, etc.) that is attached to a bottom of the suspension cable. In such
deployments, the deployed SLCS must be both securely attached to the suspension cable,
while also being able to rotate around the suspension cable, without imparting a
significant rotational force on the suspension cable to avoid unwinding or over-winding the

suspension cable as the SLCS rotates to control the suspended load.
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[0055] Disclosed are systems and methods to deploy an SLCS onto a suspension cable,
while optionally allowing the SLCS to rotate about the suspension cable, without imparting

a significant rotational force on the suspension cable from rotation of the SLCS.

[0056] Reference is now made in detail to the description of the embodiments illustrated
in the drawings. While embodiments are described in connection with the drawings and
related descriptions, there is no intent to limit the scope to the embodiments disclosed
herein. On the contrary, the intent is to cover all alternatives, modifications and
equivalents. In alternate embodiments, additional devices, or combinations of illustrated
devices, may be added to, or combined, without limiting the scope to the embodiments
disclosed herein. For example, the embodiments set forth below are primarily described in
the context of a helicopter sling load, search and rescue operations, and/or crane
operations. However, these embodiments are illustrative examples and in no way limit the

disclosed technology to any particular application or platform.

[0057] Figure 1A is an isometric parallel projection view of a deployment system 101 for a
suspended load control system (“SLCS”), in accordance with an embodiment. Figure 1B is
an isometric detail view of the deployment system of Figure 1A, with a horizontal cross-
section view across a midline of the deployment system. Figure 1C is a top plan view of
the deployment system of Figure 1A, looking down on the horizontal cross-section of

Figure 1B.

[0058] Referring to Figures 1A to 1C, deployment system 101 may be secured to or within
an SLCS, such as the SLCS of Figures 5A to 12B, as discussed herein. Deployment system
101 comprises cable entry channel 102, to receive a suspension cable, such as suspension
cable 145. Cable entry channel 102 may be angled inward, toward cable receiving area 103.
Cable entry channel 102 may comprise multiple components which form a narrowing
channel approaching cable receiving area 103. Cable receiving area 103 may form a

partially enclosed vertical channel between fixed jaw 125 and movable jaw 120.

[0059] Deployment system 101 further comprises springs 135 and clamp housing 110.

Springs 135 may apply a force, such as compressive force, against or between movable jaw
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120 and clamp housing 110. Moveable jaw 120 may move toward and away from fixed jaw
125, along a dimension of freedom defined by a sliding bracket assembly (embodiments of
which are discussed and illustrated further herein). One or more of springs 135 and
components with which springs 135 interact, such as movable jaw 120, fixed jaw 125,
sliding bracket assembly 130, and clamp housing 110, may be referred to herein as “spring
system”. Compressive force from springs 135 may secure or clamp suspension cable 145
between movable jaw 120 and fixed jaw 125. Compressive force from springs 135 may
occur when springs 135 are in a lower-energy state, such as when springs 135 have
expanded, to compress movable jaw 120 against fixed jaw 125. When springs 135 are in
the lower-energy state, they and/or the engagement mechanism of which they are a part

may be referred to herein as not being “energized”.

[0060] Together, fixed jaw 125 and movable jaw 120 may be understood as a “clamp” and
may be referred to as a “jaw” or “jaw system” or “releasable jaw”. In an alternative
embodiment, the jaw system may comprise a set of levers rotatably joined at a fulcrum.
When the set of levers cross at the fulcrum, e.g., as in pliers, springs may pull first ends of
the levers together, drawing opposing second ends of the levers together, with clamp
receiving area between the opposing second ends of the levers. When the set of levers do
not cross at the fulcrum, springs may push first ends of the levers apart, pushing together
opposing second ends of the lever, with clamp receiving area between the opposing

second ends of the lever.

[0061] Deployment system 101 further comprises handle 150 and jaw release 151. Jaw
release 151 may receive input force from an operator of deployment system 101, such as
by being squeezed by the operator against handle 150. Force communicated into jaw
release 151 may be transferred by a wire, cable, push-rod, hydraulic piston and hydraulic
line or other force-transmitting member or conduit (not illustrated) against the force from
springs 135. A rotating interface may be provided between the input force and jaw system,
wherein one side of the interface is attached to bearing housing 105 and the other side is

attached to clamp housing 110, allowing transfer of input force, notwithstanding that the
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two objects may rotate relative to one another. For example, the rotating interface may
comprise a first wire or rod which passes through a circular or semi-circular bearing or the
like and wherein the first wire or rod terminates at an end in a ball, sphere, bearing, or the
like. The circular or semi-circular bearing or the like may be secured to a first end of a
second wire or rod which proceeds to the jaw system, such that a second end of the
second wire or rod engages with springs 135. When the first wire or rod is withdrawn,
pushed, or the like, the ball, sphere, bearing or the like at the end of the first wire or rod
may engage with the circular or semi-circular bearing or the like at the first end of the
second wire or rod and transfer force from the first wire or rod to the second wire or rod,
notwithstanding that at times the first and second wire or rod may rotate relative to one
another. When the first and second wire or rod rotate relative to one another, they may
rotate about a common axis of rotation. For example, the rotating interface may comprise
a first hydraulic line and a second hydraulic line joined by a rotating junction, which
rotating junction allows the first and second hydraulic lines to rotate relative to one

another, such as about a common axis of rotation.

[0062] When force from the operator of deployment system 101 input into jaw release
151 is greater than force from springs 135, movable jaw 120 may move away from fixed
jaw 125, expanding or opening cable receiving area 103. Jaw release 151 and spring system
may be referred to herein as “engagement mechanism”. In such circumstances, e.g. when
force from the operator of deployment system 101 input into jaw release 151 is greater
than force from springs 135, springs 135 may be compressed or “energized”, as they may
then be in a higher energy state than when they have expanded. Springs 135 and/or a jaw
system of which they are a part may be referred to as “energized” under such
circumstances. Under such circumstances, suspension cable 145, if present in the jaw
system, may be released, allowing deployment system 101 and an SLCS to be released
from suspension cable 145. When force from the operator of deployment system 101 is
input into jaw release 151, the jaw system may open and suspension cable 145, if not

present in the jaw system, may be inserted into cable entry channel 102. In embodiments
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in which springs 135 or equivalent provide a pulling force to pull first ends of non-crossing
levers together at a fulcrum, such springs may be pushed apart by input force from jaw
release 151, in which case such springs and/or a jaw system of which they are a part may

be referred to as being “energized”.

[0063] In an alternative embodiment, a jaw clamp may receive input force from an
operator of deployment system 101, such as when the operator squeezes lever 151 against
handle 150, such that the input force draws movable jaw 120 and fixed jaw 125 together,
for example, to apply force to hold suspension cable 145. In such alternative embodiment,
a ratchet, pawl, or other locking mechanism may secure movable jaw 120 and fixed jaw
125 together, thereby holding deployment system 101 to suspension cable 145, until the

locking mechanism is released.

[0064] In an alternative embodiment, input force to/from an actuator may be
communicated to the jaw system, instead of and/or in addition to input force from a
human operator. Examples of actuators include electronic actuators, such as solenoids,
piezo electric actuators, linear motors, rotary motors, and the like. Such an actuator may

communicate with springs 135 via a jack screw or the like.

[0065] Deployment system 101 further comprises bearing housing 105 and bearing sets
115A and 115B. Bearing set 115 may hold clamp housing 110 within bearing housing 105
and may allow clamp housing 110 to rotate within bearing housing 105. Bearing set 115
may comprise, for example, needle thrust bearings, a set of thrust ball bearings and a

roller bearing, spherical roller thrust bearings, and the like.

[0066] When a jaw system of a deployment system is clamped to a suspension cable,
bearing set 115 may allow clamp housing 110 and a remainder of SLCS to rotate around the
suspension cable, transmitting only minimal rotational force to the suspension cable;
transmitted rotational force may come only from friction in the bearings in bearing set
115. In this way, the disclosed deployment system may be secured or clamped to a
suspension cable, while an SLCS attached to the deployment system may rotate about the

suspension cable, without imparting significant rotational force to the suspension cable. A
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small amount of rotational force may result from fiction in bearing set 115, but his may not

be enough to cause problems with a suspension cable.

[0067] Figure 2A is an isometric parallel projection view of deployment system 101 of
Figure 1A with components hidden relative to Figure 1A, in accordance with an
embodiment. Figure 2B is an isometric detail view of deployment system 101 of Figure 2A,
with a horizontal cross-section view across a midline of the deployment system. Figure 2C
is a top plan view of the deployment system of Figure 2A, looking down on the horizontal
cross-section of Figure 2B. Toggling between Figures 1A-1C and Figures 2A-2C, Figures 2A-
2C hide bearing housing 105, to more clearly illustrate remaining components and
relationship there among, such as a seating location, on top of bearing set 115A and on

bottom of bearing set 115B, where bearing housing 105 is seated on bearing set 115.

[0068] Figure 3Ais an isometric parallel projection view of deployment system 101 of
Figure 1A with additional components hidden relative to Figure 2A, in accordance with an
embodiment. Figure 3B is an isometric detail view of the deployment system of Figure 3A,
with a horizontal cross-section view across a midline of the deployment system. Figure 3C
is a top plan view of the deployment system of Figure 3A, looking down on the horizontal
cross-section of Figure 3B. Figures 3A through 3C hide clamp housing 110, to more clearly
illustrate remaining components and a relationship there among. For example, Figures 3A
through 3C illustrate springs 135 as well as sliding bracket assembly 130. Sliding bracket
assembly 130 secures movable jaw 120 to fixed jaw 125, while allowing movable jaw 120
to move toward and away from fixed jaw 125. Embodiments of a sliding bracket assembly,
similar to sliding bracket assembly 130, is discussed further herein, such as in relation to

Figures 10A, 10B, and 11.

[0069] Figure 4A is an isometric parallel projection view of deployment system 101 of

Figure 1A with additional components hidden relative to Figure 3A, in accordance with an
embodiment. Figure 4B is an isometric detail view of deployment system 101 of Figure 4A,
with a horizontal cross-section view across a midline of the deployment system. Figure 4C

is a top plan view of deployment system 101 of Figure 4A, looking down on the horizontal
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cross-section of Figure 4B. Figures 4A through 4C hide movable jaw 120 and springs 135 to
more clearly illustrate remaining components and a relationship there among. For
example, Figures 4A through 4C illustrate cable 145 seated, clamped, or otherwise secured
against elastomer 152 and that elastomer 152 is held within elastomer shoe 140, all within
fixed jaw 125. Elastomer 152 may comprise, for example, a material suited to be clamped
to a suspension cable without damaging the suspension cable. Such a material may
comprise, for example, an elastomer, such as polyurethane of a suitable durometer, such
as 60-90a durometer; other examples may comprise rubber, butyle rubber, silicone,

bronze, lead, or the like.

[0070] When viewed in conjunction with Figures 2A through 2C, Figures 4A through 4C
illustrate that clamp housing 110 may comprise multiple sub-components, which sub-

components may be bolted or otherwise secured together.

[0071] Figure 5Ais an isometric parallel projection view of a suspended load control
system (“SLCS”) incorporating a deployment system 501, in accordance with an
embodiment. Figure 5B is a top plan view of SLCS and deployment system 501 of Figure 5A
with a horizontal cross-section across a midline of SLCS and deployment system 501, in
accordance with an embodiment. Figures 5A and 5B illustrate that SLCS and deployment
system 501 may comprise, for example, fan unit 505A, fan unit 505B, fan unit 505C, and
fan unit 505D. Fan units 505 may comprise a cowl which protects one or more EDF. The
cowl may be hardened, to withstand impact with objects in the environment. The cowl unit
may be made of metal, plastics, composite materials, including fiber reinforced resin, and
the like. Fan unit 505 may include an air intake, though which air may be drawn, and an
outlet. An air intake may comprise one or more screens or filters to prevent entry of some
objects into EDF. The EDF in fan unit 505 may comprise blades and motor(s), such as
electric motor(s). The electric motors within an EDF may be sealed against dust, sand,

water, and debris.

[0072] For the sake of convenience in discussing them, fan units 505A and 505B may be

considered to form a first fan unit group while fan units 505C and 505D may be considered
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to form a second fan unit group. The fan units in each fan unit group propel thrust fluid
(such as air) in fixed directions, such as fixed directions opposite each other; e.g. offset by
180 degrees. In other embodiments, a fewer or greater number of fan units and/or EDF
may be used. In other embodiments, the fan units and/or EDF may be aligned other than
as illustrated, e.g., offset by greater or fewer than 180 degrees, with or without offset
along other of the axis. A mechanical steering component may be included (not illustrated)

to dynamically reposition a fan unit and/or EDF within a fan unit.

[0073] EDF in individual of the fan units 505 may be activated separately, with different
power, to produce thrust vectoring or thrust vector control of an assembly of fan units. For
example, to produce clockwise yaw (with directions relative to Figure 5B), an EDF in fan
unit 505A may be activated by itself or in conjunction with an EDF in fan unit 505D. To
produce lateral translation of SLCS and deployment system 501, EDF in either i) fan units
505A and 505C or ii) fan units 505B and 505D may be activated. Simultaneous lateral

translation and rotation may be produced.

[0074] SLCS and deployment system 501 comprises handle 515. Handle 515 may be used

by a party tasked with deploying SLCS and deployment system 501.

[0075] SLCS and deployment system 501 comprises cable entry channel 502 to receive a

suspension cable.

[0076] SLCS and deployment system 501 comprises front cover 520 and back cover 525,

which may protect components within SLCS and deployment system 501.

[0077] Figure 6A is an isometric parallel projection view of SLCS and deployment system
501 of Figure 5A, in accordance with an embodiment, with components hidden relative to
Figure 5A. Figure 6B is a top plan view of SLCS and deployment system 501 of figure 6A

with a horizontal cross-section across the midline of SLCS and deployment system 501, in

accordance with an embodiment.

[0078] SLCS and deployment system 501 comprises fan unit brackets 526A and 5268, to

receive and hold fan units. Additional fan unit brackets are not labeled.
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[0079] SLCS and deployment system 501 comprises electrical components 530A, 530B,
530C, and 530D. In an embodiment, electrical components 530 may comprise, for example,
power regulators, relays, buffers, or the like, to provide regulated power to a fan unit. In
an alternative embodiment, electrical components 530 may comprise batteries, such as
batteries to power a jaw driver which may move a movable jaw of SLCS and deployment

system 501.

[0080] SLCS and deployment system 501 comprises electrical component boxes 535A,
535B, 535C, and 535D. In an embodiment, electrical component boxes 535 may comprise,
for example, electronic speed controllers, motor drivers, and the like, to control electrical
power to a fan unit. In an alternative embodiment, electrical component boxes may
comprise a jaw driver, such as solenoids, linear actuators, rotary motors, and the like, to

move a movable jaw of SLCS and deployment system 501.

[0081] SLCS and deployment system 501 comprises internal frame 522. Internal frame

522 may connect and hold components of SLCS and deployment system 501.

[0082] Figure 7A is an isometric parallel projection view of SLCS and deployment system
501 of Figure 5A with additional components hidden relative to Figure 6A, in accordance
with an embodiment. Figure 7B is a top plan view of SLCS and deployment system 501 of
figure 7A with a horizontal cross-section across the midline of SLCS and deployment system

501, in accordance with an embodiment.

[0083] SLCS and deployment system 501 may comprise processor enclosure 545, which
may comprise computer processors, memory, and the like used by SLCS and deployment

system 501, such as in load control system logical components 1401.

[0084] SLCS and deployment system 501 may comprise power control enclosure 550,
labeled on one side of Figure 7A; what may be an equivalent component is not labeled on
the other side. Power control enclosure 550 may comprise, for example, components used

in a power supply system for SLCS and deployment system 501.

[0085] SLCS and deployment system 501 comprises battery box 555, labeled on one side

of Figure 7A; what may be an equivalent component is not labeled on the other side.
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Battery box 555 may comprise, for example, one or more batteries, such as fan unit battery
pack 540B, used to provide power to one or more fan units, such as to fan units 505A and

505B. Fan unit battery pack 540A is labeled in Figure 7B.

[0086] Figure 8A is an isometric parallel projection view of SLCS and deployment system
501 of Figure 5A with additional components hidden relative to Figure 7A, in accordance
with an embodiment. Figure 8B is a top plan view of SLCS and deployment system 501 of
figure 8A with a horizontal cross-section across the midline of SLCS and deployment system

501, in accordance with an embodiment.

[0087] SLCS and deployment system 501 may comprise clamp housing 565. Clamp
housing 565 may comprise, for example, components similar to those discussed in relation
to figures 1A through 4C or 9A through 11 and may be similar to clamp housing 110.
Figures 1A through 4C illustrate clamp housing 110, bearing housing 105 and bearing set
115, wherein bearing set 115 allows bearing housing 105 and clamp housing 110 to rotate
relative to one another. SLCS and deployment system 501 is not illustrated with a
component similar to bearing set 115. A components similar to bearing set 115 may be
incorporated into SLCS and deployment system 501, such as, with reference to Figure 13,
by enlarging deployment system space 1301 within SLCS 1305, to accommodate a
component that provides the same function as bearing set 115 does in deployment system

101.

[0088] SLCS and deployment system 501 may comprise power relay 570, which may serve
as a power relay, and auxiliary battery box 575. Auxiliary battery box 575 may contain
batteries that may provide power to SLCS and deployment system 501 separate from fan
unit batteries 540, such that SLCS and deployment system 501 may be connected or
disconnected from a suspension cable or may perform other functions, even if fan unit

batteries 540 have been depleted.

[0089] SLCS and deployment system 501 may comprise shut-off pin assembly 581. When

a pin is inserted into shut-off pin assembly 581, power may be available to flow from fan
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unit batteries 540. When such pin is removed from shut-off pin assembly 581, power flow

from fan unit batteries 540 may be disabled.

[0090] SLCS and deployment system 501 may comprise internal frame 522, a portion of

which is illustrated in Figures 8A and 8B and which is also discussed herein.

[0091] Figure 9A is an isometric parallel projection view of SLCS and deployment system
501 with additional components hidden relative to Figure 8A, in accordance with an
embodiment. Figure 9B is a top plan view of SLCS and deployment system 501 of figure 9A
with a horizontal cross-section across the midline of the SLCS and deployment system 501,

in accordance with an embodiment.

[0092] SLCS and deployment system 501 may comprise springs 585. Springs 585 may be
similar to springs 135. Springs 585 may apply a force against movable jaw 580 and clamp
housing 565. Moveable jaw 580 may move toward and away from fixed jaw 595 (labeled in
Figures 10A and 10B), along a dimension of freedom defined by a sliding bracket assembly
(embodiments of which are discussed and illustrated further herein). Compressive force
from springs 585 may secure or clamp a suspension cable between movable jaw 580 and

fixed jaw 595.

[0093] Together, fixed jaw 595 and movable jaw 580 may be understood as a “clamp” and
may be referred to as a “jaw” or “jaw system”. In an alternative embodiment, the jaw
system may comprise a set of levers joined at a fulcrum, similar to the levers and fulcrum

discussed herein.

[0094] Force produced by a motor or actuator, as may be found in, for example, electrical
component box 535, may be transferred by a wire, cable, push-rod, hydraulic piston and
hydraulic line or other force-transmitting member or conduit, not illustrated, against force
from springs 585. In an alternative embodiment, not illustrated, force against force from
springs 585 may be provided by a jack screw, push-rod, fluid-driven piston, or the like,
within clamp housing 565, which may be driven by a solenoid, linear actuator, electric
motor, compressor, or the like, which may be located, for example, within clamp housing

565. Force opposing force from springs 585 may transferred across a rotating interface
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between clamp housing 565 and a surrounding SLCS, similar to examples of a rotating
interface discussed in relation to 101, between clamp housing 110 and bearing housing
105. If the force is transmitted electrically, e.g. via alternating or direct electrical current,
such as to a motor within clamp housing 565 linked to a jack screw that applies force to
movable jaw 580 in opposition to force from springs 585, one or more slip rings may
provide such a rotating interface. When force from a motor or actuator is greater than the
force from springs 585, movable jaw 580 may move away from fixed jaw 595. Under such
circumstances, a suspension cable, if present in the jaw system, may be released, allowing
SLCS and deployment system 501 to be released from such suspension cable. Under such
circumstances, a suspension cable, if not present in the jaw system, may be inserted into

cable entry channel 502 when the jaw system is open.

[0095] SLCS and deployment system 501 comprises internal frame 522, more components

of which are illustrated in Figure 9A, compared to Figure 8A.

[0096] SLCS and deployment system 501 comprises sliding bracket assembly 590A and
590B. Sliding bracket assembly 590 secures movable jaw 580 to fixed jaw 595, while
allowing movable jaw 580 to move toward and away from fixed jaw 595. A horizontal
cross-section of sliding bracket assembly 590B is illustrated and discussed in relation to

Figure 11.

[0097] Figure 10A is an isometric parallel projection view of SLCS and deployment system
501 of Figure 5A with additional or different components hidden relative to Figure 94, in
accordance with an embodiment. Figure 10B is a top plan view of SLCS and deployment
system 501 of Figure 10A with a horizontal cross-section across the midline of SLCS and

deployment system 501, in accordance with an embodiment.

[0098] SLCS and deployment system 501 comprises fixed jaw 595. Sliding bracket

assembly 590B may be used to attach fixed jaw 595 and movable jaw 580.

[0099] Figure 11 is a detail view of an example of a sliding bracket assembly, such as
sliding bracket assembly 130 and/or 590 within a deployment system within a suspended

load control system (“SLCS”), in accordance with an embodiment.
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[00100] The example of a sliding bracket assembly illustrated in Figure 11 comprises fixed
rod 591, which may be bolted (or otherwise secured) to, for example, a frame, such as
internal frame 522 and/or clamp housing 565. Fixed rod 591 may be free to slide within
cylinder 592. Cylinder 592 may be bolted (or otherwise secured) to, for example, movable
jaw 580. Sliding bracket assembly 130 and/or 590 may allow movable jaw 580 to move
relative to fixed jaw 595, within a confine defined by, for example, clamp housing 565. An

example of such confine is illustrated in Figure 13.

[00101] Figure 12A is a side elevation of SLCS and deployment system 501 in a first
configuration relative to suspension cable 596, in accordance with an embodiment. Figure
12B is a side elevation of SLCS and deployment system 501 in a second configuration
relative to suspension cable 596, in accordance with an embodiment. In the first
configuration, force produced by a motor or actuator, as may be found in, for example,
electrical component box 535, and/or from power provided from a human hand as in the
case of deployment system 101, has been transferred by a force-transmitting member or
conduit against force from springs 585. When force from such a source is greater than
force from springs 585, movable jaw 580 may move away from fixed jaw 595. Under such
circumstances, when the jaw system is open, suspension cable 596 may be inserted into

cable entry channel 502.

[00102] In the second configuration, SLCS and deployment system 501 has been aligned
with suspension cable 596. When the jaw-opening force stops, for example, due to
activation of a button, switch, signal, loss of power, or the like, spring 585 will move
movable jaw 580 toward fixed jaw 595, providing uniform force on suspension cable 596,
the jaw-system closes, clamping the jaws of the jaw-system to suspension cable 596. The
jaw-opening force may be resumed, for example, due to activation of a button, switch,
signal, providing power to the power source, or the like, to overcome the force of spring
585 and to move movable jaw 580 away from fixed jaw 595, opening the jaw-system to

release SLCS and deployment system 501 from suspension cable 596.
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[00103] Figure 13 is a top plan view of suspended load control system (“SLCS”) 1305 with
an area for insertion of a deployment system, such as deployment system space 1301, in
accordance with an embodiment. For example, deployment system 101 may be inserted

into deployment system space 1301 and attached to SLCS 1305, for example, with

brackets, rods, dowels, bolts, flanges, etc.

[00104] Figure 14 schematically illustrates electrical, computer processor, memory, and
logical components of a suspended load control system (“SLCS”) 1400 including load
control system logical components 1401 and remote interface 1450 in accordance with one
embodiment. Within load control system logical components 1401 are sensor suite 1405,
which can include position sensors 1406, orientation sensors 1407, inertial sensors 1408,
proximity sensors 1409, reference location sensors 1410, and thrust sensors 1411. The
SLCS processing capacity 1420 includes the processor and microcontrollers. SLCS memory
1425 generally comprises a random-access memory (“RAM”) and permanent non-
transitory mass storage device, such as a solid-state drive, and contains navigation systems
1426, target data 1427, mode or command state information 1428, and software or
firmware code, instructions, or logic for one or more of operational module 1500,
suspended load control decision and control module 1600, and deployment module 1700.
Communication systems 1430 include wireless systems 1431 such as the wireless
transceiver, and wired systems 1432. SLCS output 1415 includes thrust control 1416 via
thruster controllers. Power managing systems 1440 regulate and distribute the power
supply from, e.g., the batteries. A data bus connects the various internal systems and

logical components of the SLCS.

[00105] An interactive display or remote interface 1450 is a computational unit that can be
self-powered or hardwired into an airframe. The interactive display 1450 receives data
from the SLCS, e.g., wirelessly. The data from the SLCS is displayed on the interactive
display 1450; the computational data is parsed and converted to visual cues. The
interactive display also communicates to the SLCS the operator’s desired command states

as discussed below.
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[00106] The interactive display or remote interface 1450 is in communication with the
SLCS 1401 via communication systems 1470, which may be wireless 1471 or wired 1472.
Output 1460 from the remote interface 1450 may include information displayed on a
screen 1461 and audio cues 1462. Input 1465 to the remote interface 1450 to control the
SLCS may include commands through a touchscreen 1466 or a joystick 1467. In various
embodiments, the remote interface 1450 may comprise one or more physical and/or

logical devices that collectively provide the functionalities described herein.

[00107] Aspects of the system can be embodied in a specialized or special purpose
computing device or data processor that is specifically programmed, configured, or
constructed to perform one or more of the computer-executable instructions explained in
detail herein. Aspects of the system can also be practiced in distributed computing
environments where tasks or modules are performed by remote processing devices that
are linked through a communications network, such as a local area network (LAN), wide
area network (WAN), or the Internet. In a distributed computing environment, modules
can be located in both local and remote memory storage devices. As schematically
illustrated in Figure 14, SLCS 1401 and remote interface 1450 are connected by a wired or

wireless network.

[00108] An SLCS may work with a remote positional unit, target node, or reference of a
suspended load control system in accordance with one embodiment. The remote
positional unit, target node, or reference may comprise an external sensor suite or beacon
configured to communicate, such as wirelessly, with the SLCS as a positional reference. If
the SLCS is considered the primary sensor suite, a secondary sensor suite location can be
the platform or carrier from which the cable is suspended, and a tertiary sensor suite
location can be a location of interest for the load (e.g., for positioning to obtain or deliver

the load).

[00109] A remote positional unit, target node, or reference can include a positional
transceiver configured to communicate with the SLCS via a wireless transceiver and

provide a positional reference. For example, a remote positional unit can be secured to a
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helicopter ownship or crane below which the load is suspended or can be secured to a

target to which a load is to be delivered.

[00110] In some embodiments, the remote positional unit or target node may be made of
durable polymer or plastic and may be, e.g., large enough to fit into a hand. The remote
positional unit or target node may have an external antenna. The remote positional unit or
target node may be secured to, e.g., the carrier, by magnets, bolts, or any other
securement. The remote positional unit or target node may be dropped to a location on
the ground or secured to, e.g., a life preserver or other flotational device, a rescuer, a load

to be picked up, a location for a load to be delivered, or an operational specific location.

[00111] Aspects of the system can be embodied in a specialized or special purpose
computing device or data processor that is specifically programmed, configured, or
constructed to perform one or more of the computer-executable instructions explained in
detail herein. Aspects of the system can also be practiced in distributed computing
environments where tasks or modules are performed by remote processing devices that
are linked through a communications network, such as a local area network (LAN), wide
area network (WAN), or the Internet. In a distributed computing environment, modules
can be located in both local and remote memory storage devices. As schematically
illustrated in Figure 14, load control system logical components 1401 and remote interface

1450 may be connected by a wired or wireless network.

[00112] Figure 15 illustrates operational module 1500 of suspended load control system
(“SLCS”) including multiple modes or command states in accordance with one
embodiment. Instructions of, or which embody, operational module 1500 may be stored
in, for example, memory 1425, and may be executed or performed by, for example,
processor 1420, as well as by electrical circuits, firmware, and other computer and logical

hardware of SLCS with which operational module 1500 may interact.

[00113] In block 1505, the load control system apparatus may be deployed onto a

suspension cable from which a load may be suspended. An example of deployment module
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or routine is illustrated in Figure 17. In embodiments, SLCS need not be powered on for

deployment.

[00114] In block 1510, the SLCS is started up and operational module 1500 may be
activated. In some embodiments, the system can be initialized by the press of a button
located on a face of a center module of the SLCS. Near the accessible external button that
can initialize the system, another button may be present that allows for immediate system
shut down when pressed. In addition to the initialization interface on the center module,
the system may also be initialized by an operator not directly next to the system. One or
more external operators, including but not limited to a rescuer on the end of the cable,
may initialize the system by pressing a button on one or more remote interface 1450 linked

wirelessly to the SLCS.

[00115] In block 1515, the SLCS is activated, and proceeds to block 1520 and one of the
SLCS functional modes or command states selected by the operator. In block 1520 and a
functional mode or command state, operational module 1500 may perform or call
suspended load control decision and control module 1600 as a subroutine or submodaule,

to implement a functional mode or command state.
[00116] The functional modes or command states of the system are:

[00117] Idle mode 1521: all internal systems of the SLCS are operating (e.g., the SLCS
observes its motion and calculates corrective action), but the thrusters are shut off or

maintain an idle speed only, without action to affect the motion of the load.

[00118] Maintain Relative Position vs. Ownship mode 1522: The SLCS is stabilized with
respect to the slung origin point. For example, when the SLCS is suspended with a load
below a helicopter, the SLCS will stay directly below the helicopter. The SLCS localizes the
ownship motion and performs the corrective actions necessary to critically damp any other
suspended load motion. If the ownship is traveling at a low speed, the SLCS will couple its
velocity with the ownship so the two entities move in unison. Upon a disturbance to the
load, the SLCS provides thrust in the direction of the disturbance to counteract the

disturbance, eliminating the swing.
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[00119] Move to/stop at Position mode 1523: The SLCS will stabilize to a fixed position,
counteracting the influence of the weather or small movements of the helicopter or other
suspending platform. This mode has the effect of killing all motion. The operator can send
the desired target position to the SLCS via the remote interface 1450. This can be

accomplished in at least two ways:

[00120] Target node position 1524: The operator can place a SLCS remote positional unit
or target node 1410 at the desired lowering location (e.g., location 160 of Figure 1). The

target node or reference 1410 will communicate wirelessly with the SLCS to indicate the

desired position, and the SLCS responds by maneuvering to the desired location. The

remote interface 1450 Ul will receive and display the location information of both entities.

[00121] User-designated position 1525: The operator can use the remote interface 1450 Ul
to send a designated position (e.g., latitude and longitude coordinates) as a commanded
location to the SLCS. The system will then steadily direct the suspended load to the desired
position. The system will simultaneously send feedback to the remote interface 1450 Ul

regarding position and distance information.

[00122] Hold Position mode 1526: The SLCS will resist all motion and maintain attempt to
maintain its current position independent of the ownship’s motion. This mode has the
effect of dampening all motion of the SLCS. This mode has conditional responses relative

respectively to ownship speed, safety factors, and physical constraints.

[00123] Direct Control mode 1527: Joystick operation of the SLCS in three degrees of
freedom. The operator is able to directly control positioning, rotation, and thruster output
level. Though the SLCS is entirely closed-loop and does not require external control during

operation, there is an option for user control.
[00124] In block 1530, the operator completes the operation and retrieves the SLCS.

[00125] In block 1535, if the SLCS includes collapsible propulsion arms, they may be folded
up. The load may be detached from a load hook, and the suspended cable may detached
from a hoist ring at a top of the SLCS. The SLCS may be stowed in a charger or any

convenient location.
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[00126] At done block 1599, if not performed at block 1535, operational module 1500 may
be shut down by pushing a button on an interactive display or remote interface or by

pressing a button on the SLCS.

[00127] Figure 16 illustrates decision and control module 1600 of a suspended load control
system (“SLCS”) in accordance with one embodiment. Instructions of, or which embody,
decision and control module 1600 may be stored in, for example, memory 1425, and may
be executed or performed by, for example, processor 1420, as well as by electrical circuits,
firmware, and other computer and logical hardware of SLCS with which decision and

control module 1600 may interact.

[00128] Decision and control module 1600 may operate in a closed loop to understand its
position and motion in near real time, perform a set of calculations to determine the most
desired system response, and send desired response(s) to the air propulsion system

thruster array to mitigate swing of the cable during operations. This process is continuous

as long as the system is powered.

[00129] At block 1605, decision and control module 1600 may perform data acquisition
with a plethora of sensors including (but not limited to) accelerometer, gyroscope,

magnetometer, GPS, lidar/radar, machine vision, and/or range finders.

[00130] At block 1610, the decision and control module 1600 combines data from the
sensors to obtain a data fusion describing its position, orientation, motion, and

environment.

[00131] Sensor data is fused and filtered by decision and control module 1600 through
non-linear flavors of a Kalman Filter to yield an accurate representation of the system’s
state. Closed-loop control methods including fuzzy-tuned proportional, integral, and
derivative feedback controllers have bidirectional communication with advanced control
methods including deep learning neural nets and future propagated Kalman filters,

allowing for further real-time system identification.
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[00132] At block 1615, decision and control module 1600 performs state estimation using
non-linear state estimators to project near-term future motion based on the data fusion

and on feedback from the decision and control engine to the state estimator.

[00133] At block 1620, decision and control module 1600 takes state estimation 1615,
informed by the user-selected functional mode or command state 1520, as well as
additional feedback from the thrust and orientation mapping 1630 and output control

1640, and decides how the SLCS should move or exert force.

[00134] Algorithmic output is sent to motion controllers at which the desired thrust
response will be sent to the electric duct fans via phase control. The net thrust output is
mapped in real-time through encoders and load cells then sent back to the Host and

Controllers for closed-loop control.

[00135] At block 1630, decision and control module 1600 maps how the SLCS should move
or exert force to fans and potential fan output to generate a fan mapping to control the

thrusters to achieve the determined thrust and orientation of the SLCS

[00136] At block 1635, decision and control module 1600 applies the fan mapping to
output control signals to the fans or thrusters (or electronic components controlling the
same) to achieve the determined thrust and orientation of the SLCS, exerting commanded

control output and implementing a dynamic response in the form of thrust from the fans.

[00137] At done block 1699, decision and control module 1600 may conclude or return to a

module which may have called it.

[00138] Figure 17 illustrates a deployment routine or module 1700, in accordance with an
embodiment. Blocks of deployment routine or module 1700 may be performed, for
example, by a human operator and/or instructions of, or which embody, blocks of
deployment routine or module 1700 and which may be stored in, for example, memory
1425, may be executed or performed by, for example, processor 1420, as well as by
electrical circuits, firmware, and other computer and logical hardware of SLCS with which

deployment routine or module 1700 may interact.
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[00139] At block 1705, deployment routine or module 1700 may open cable receiving area
of releasable jaw. For example, an operator of an SLCS transfer force to releasable jaw with
an engagement mechanism, which may counteract or overcome spring force of springs in
spring system, energize releasable jaw, and open cable receiving area of releasable jaw.
Transfer of force with engagement mechanism may be performed by, for example,
squeezing a lever to transmit force through a conduit, or may be performed by, for
example, pressing a button or other activator to trigger deployment routine or module
1700 to electrically activate a motor or actuator, to generate force by the actuator to
counteract or overcome spring force of springs in spring system, energize releasable jaw,

and open cable receiving area of releasable jaw.

[00140] At block 1710, deployment routine or module 1700 may position a load control
apparatus relative to a suspension cable, such that the suspension cable enters the open
cable receiving area of releasable jaw. Performance of this may be by an operator of the
SLCS. Optionally, deployment routine or module 1700 may determine whether the cable
receiving area is parallel to or contains the suspension cable. For example, the operator
may determine this and/or the SLCS may have a level or orientation sensor and/or the SLCS
may have suspension cable sensor(s) in the cable receiving area (such as conductivity
sensors), which sensor(s) may output information regarding orientation to the operator or
which may lock the releasable jaw in an open state until the cable receiving area is parallel

to or contains the suspension cable.

[00141] At block 1715, deployment routine or module 1700 may close the cable receiving
area of releasable jaw. For example, an operator of SLCS may release a lever which had
been transferring force to the releasable jaw with the engagement mechanism, thereby
withdrawing such force and allowing spring force from springs in spring system to
deenergize and close releasable jaw. For example, the operator may press a switch or
other activator to trigger deployment routine or module 1700 to deactivate an actuator or
to cause the actuator to withdraw force and allowing spring force from springs in spring

system to deenergize and close releasable jaw.
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[00142] At decision block 1720, deployment routine or module 1700 may determine
whether the cable receiving area is closed on a suspension cable. For example, sensors
discussed in relation to block 1710, such as conductivity sensors, may determine whether a
suspension cable is uniformly present along cable receiving area and/or may determine
whether walls of cable receiving area are parallel. For example, if a suspension cable is only
present in a top of cable receiving area, the cable receiving area may not be uniformly
closed and walls of the cable receiving area may not be uniformly parallel and/or
conductivity between sides of cable receiving area may not be uniform and consistent with

a metal suspension cable, which condition may be sensed.

[00143] If negative or equivalent at decision block 1720, deployment routine or module

1700 may proceed to block 1705.

[00144] If affirmative or equivalent at decision block 1720, deployment routine or module

1700 may proceed to block 1725.

[00145] At block 1725, deployment routine or module 1700 may conclude a lift operation.

This may be performed by, for example, landing a load at a desired target.

[00146] At block 1730, deployment routine or module 1700 may open the cable receiving
area of releasable jaw. For example, deployment routine or module 1700 may transfer
force to releasable jaw with engagement mechanism, thereby energizing releasable jaw.
This block may be similar to block 1705 and may result in the opening of cable receiving

area, which may allow the suspension cable to disengage from SLCS.

[00147] At block 1735, deployment routine or module 1700 may return to block 1530 of
figure 15.

[00148] At block 1799, deployment routine or module 1700 may conclude or return to a

module or process which may have called it.

[00149] The entire process is unmanned and automated aside from the high-level
operator-selected functional control modes. The net output is a control force to stabilize a

suspended load.
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[00150] Status indicator lights may be mounted on various surfaces of an SLCS to aid in
visibility and operation of the SLCS from above and below. For example, an SLCS may have
external lighting such as LEDs near the thrusters that identify the edges and orientation of
the SLCS. This allows for improved identification in hard viewing situations such as
inclement weather. During operation, both on the interactive display and the system body
itself the LED display indicators show that the system is active and convey useful

information.

[00151] Front and back covers 520 and 525 may contain and protect computer hardware,
such as a computer processor and memory, a power supply, electronic speed controllers,
microcontrollers, sensors, and the like, such as load stability system logical components
1401. Front and back covers 520 and 525 may be attached to internal frame 522. The
power supply may be a single power brick or an array of battery cells wired in series and/or
in parallel, such as lithium-polymer (LiPo) cells. The batteries may be removable for
inspection and/or to swap discharged and charged batteries. Batteries may be charged
while installed in the SLCS (i.e., without having to remove them) via nodes or a wireless
charging system on or in an SLCS that connect to a charging dock. Batteries may include
auxiliary battery(ies) to supply a steady supply of power to the processor even if thrusters
in fan units draw a relatively large amount of power from main batteries. In embodiments,
a carrier from which the SLCS is suspended, such as a helicopter or crane, can provide
power through a line extending down the suspension cable to the SLCS. In embodiments,
the carrier can provide some power to the SLCS, while the SLCS may obtain other power
from an on-board power supply. In various embodiments, the SLCS may be powered by a
combination of on-board and remote power. In many environments, all power for the SLCS
is contained on board, allowing fully autonomous operation without dependence on the

availability of external power sources or delivery means.

[00152] Contained within front and back covers 520 and 525 may be a data link which
allows a microcontroller unit or processor to monitor power information including (but not

limited to) cell voltage and real-time power dissipation or consumption.
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[00153] Contained within front and back covers 520 and 525 may be a thruster controller
to allow a computer processor to control the speed, power draw, and thrust of thrusters in
the EDF. The thruster controller may be, e.g., an electronic speed controller (“ESC”) for an
EDF. An ESC typically has at least three connections: to the power supply, to a thruster,
and to the processor or a microcontroller, or both. The ESC pulls power from the power
supply and allocates it to the thrusters to control the amount of thrust produced by the

EDF.

[00154] Contained within front and back covers 520 and 525 may be a computer processor
or central processing unit (CPU). The processor may be an embedded system including a
signal board computer and one or more microcontroller units (“MCUs”). The CPU and
MCUs may be contained within a housing in which data link connections may be made.
Front and back covers 520 and 525 may be made of or comprise a rugged plastic or
polymer, protecting the system from environmental and operational factors such as
weather and other operational conditions. In some embodiments, the CPU and MCUs are

mounted to the same printed circuit board (PCB).

[00155] Front and back covers 520 and 525 may contain one or more wireless transceivers,
which may comprise separate transmitter(s) and receiver(s), as well as antennas for
wireless communication. The transceiver and/or wireless antennas may also be mounted
to or printed on the same printed circuit board as the processor. The wireless transceivers
may comprise access points for Bluetooth, Wi-Fi, microwave, and/or radio frequency (RF)
transmission and reception. Wireless transceivers may be used to communicate with
remote sensors, a remote control unit, a remote positional unit or target node, a remote

interface, and the like, as discussed further herein.

[00156] With reference to SLCS, front and back covers 520 and 525 may contain a vector
navigation unit, which may include an inertial measurement unit (“IMU”). The IMU

provides inertial navigation data to the processor and modules executed by the processor.

[00157] SLCS and/or deployment system 501 may comprise or be communicatively coupled

to one or more sensors in addition to the IMU. Such additional sensors may comprise, for
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example, an inertial measurement system, an orientation measurement system, an
absolute position measurement system, a conductivity sensor, and the like. The inertial
measurement system (“IMS”) may include 3 degrees of freedom (3DOF) accelerometers,
gyroscopes, and gravitational sensors, which may comprise microelectromechanical
systems (MEMS) sensors. The orientation measurement system may include a magnometer
or magnetometer such as a compass, an inclinometer, a directional encoder, and a radio
frequency relative bearing system. The absolute position measurement system may include

global positioning system (GPS) sensors.

[00158] Sensors may further comprise a proximity sensor or light detection and ranging
(LIDAR) system (e.g., rotating or linear), and/or an optical sensor such as one or more
cameras or infrared (IR) sensors. Proximity sensors may include ground height sensors.
Optical sensors can also provide visual information to a user. This information may be
communicated to remote devices by the SLCS processor, via a data link cable and/or the
wireless transceiver. Proximity and optical sensors allow the system to be capable of 360
degree awareness and collision avoidance by detecting obstacles (e.g., a portion of a tree
canopy) and altering the course of the SLCS to avoid the obstacles. The system is also
capable of providing ground (or water) position data to aircraft pilot and crew. Sensors
which require a view of a surrounding environment may be placed on or at the surface of

front and back covers 520 and 525 and/or remote from front and back covers 520 and 525.

[00159] Additional SLCS sensors may include a strain sensor to gauge load on housings, on
fan unit(s), on conduits, on a cable receiving area, on springs, on an attachment to a
suspension cable, or the like. Additional sensors may include a rotational encoder or
thruster speed sensor which may be incremental or absolute, and a shutdown pin presence

sensor.

[00160] SLCS and deployment system 501 can use remote positional sensors or beacons,
remote computational units, or target node transceiver devices to assist in characterizing

the location and/or motion of the suspending load and/or SLCS and deployment system
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501 (e.g., relative to a helicopter ownship), the carrier, and a target location of interest

such as a person to rescue or a load destination.

[00161] The SLCS processor applies algorithms to received sensor system data to yield a
desired system response. For example, GPS sensor data may be refined through real-time
kinetic (RTK) algorithms to develop a refined absolute position. The measurements may be
fused together through non-linear data fusion methods, such as Kalman filtration methods,
to yvield optimal state estimates in all degrees of freedom to characterize the system’s

location and motion in geodetic space.

[00162] Examples of components and modules which may be within SLCS and deployment
system 501 and within remote positional sensors or beacons, remote computational units,
or target node transceiver devices are discussed further herein, such as in relation to figure

14, 15, 16, and 17.

[00163] SLCS and deployment system 501 may be formed of any suitable material such as
metals, plastic, and composite materials, such as fiber reinforced resin. SLCS and
deployment system 501 may allow access into internal space via a sealed hatch or one or

more removable panels, allowing for maintenance and inspection.

[00164] Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that alternate and/or equivalent
implementations may be substituted for the specific embodiments shown and described
without departing from the scope of the present disclosure. For example, although various
embodiments are described above in terms of a helicopter ownship, in other embodiments
an SLCS may be employed under a construction crane or gantry. This application is

intended to cover any adaptations or variations of the embodiments discussed herein.
[00165] Following are non-limiting examples.

[00166] Example 1. A deployment apparatus to secure or not secure a load control
apparatus onto a suspension cable, wherein the deployment apparatus comprises: a
releasable jaw, an engagement mechanism to place the releasable jaw in an open state or

a closed state, wherein the releasable jaw comprises a cable receiving area, wherein the
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cable receiving area is to receive or not receive the suspension cable, and wherein the
releasable jaw is to secure the load control apparatus to the suspension cable when the
suspension cable is present in the cable receiving area and the releasable jaw is in the
closed state and is to not secure the load control apparatus onto the suspension cable

when the releasable jaw is in the open state.

[00167] Example 2. The deployment apparatus according to example 1 or another example
herein, such as example 1, wherein the releasable jaw comprises a spring system, wherein

the spring system is to hold or bias the releasable jaw in the open or closed state.

[00168] Example 3. The deployment apparatus according to one or more of example 1 to
example 2 or another example herein, such as example 2, wherein the engagement
mechanism is to place the releasable jaw in the open state or the closed state by transfer

of an input force to the spring system.

[00169] Example 4. The deployment apparatus according to one or more of example 1 to
example 3 or another example herein, such as example 1, wherein the releasable jaw

comprises a fixed jaw and a movable jaw, wherein the fixed jaw is within a clamp housing.

[00170] Example 5. The deployment apparatus according to one or more of example 1 to
example 4 or another example herein, such as example 4, wherein the movable jaw has a
degree of freedom of motion relative to the clamp housing, wherein the degree of
freedom of motion allows the movable jaw to move toward the fixed jaw or away from the
fixed jaw, wherein when the releasable jaw is in the closed state the movable jaw is

maximally toward the fixed jaw.

[00171] Example 6. The deployment apparatus according to one or more of example 1 to
example 5 or another example herein, such as example 5, wherein when the releasable jaw

is in the open state the movable jaw is not maximally toward the fixed jaw.

[00172] Example 7. The deployment apparatus according to one or more of example 1 to
example 6 or another example herein, such as example 4, wherein a spring system is to

bias or hold the releasable jaw into one of the open state or the closed state.
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[00173] Example 8. The deployment apparatus according to one or more of example 1 to
example 7 or another example herein, such as example 7, wherein the spring system is to
bias the releasable jaw into one of the open state or the closed state by removal of or

transmission of a spring force from the spring system to the movable jaw.

[00174] Example 9. The deployment apparatus according to one or more of example 1 to
example 8 or another example herein, such as example 8, wherein the engagement
mechanism is to place the releasable jaw into the open state by transfer of an input force
from the engagement mechanism to the spring system, wherein the input force

counteracts the spring force.

[00175] Example 10. The deployment apparatus according to one or more of example 1 to
example 9 or another example herein, such as example 9, wherein the engagement

mechanism comprises an actuator to generate the input force.

[00176] Example 11. The deployment apparatus according to one or more of example 1 to
example 10 or another example herein, such as example 10, wherein the actuator
comprises at least one of a lever for a human to apply the input force to or a motor to

generate the input force.

[00177] Example 12. The deployment apparatus according to one or more of example 1 to
example 11 or another example herein, such as example 4, wherein the clamp housing has
a degree of freedom of motion within the deployment apparatus, wherein the degree of

freedom of motion of the clamp housing is to allow the clamp housing to rotate about the

cable receiving area.

[00178] Example 13. The deployment apparatus according to one or more of example 1 to
example 12 or another example herein, such as example 12, wherein the degree of
freedom of motion of the clamp housing is provided by a bearing set at an interface

between the clamp housing and the deployment apparatus.

[00179] Example 14. The deployment apparatus according to one or more of example 1 to
example 13 or another example herein, such as example 12, wherein the degree of

freedom of motion of the clamp housing is to allow the clamp housing to rotate about the
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cable receiving area such that when the releasable jaw is in the closed state and releasable
jaw is secured to the suspension cable within the cable receiving area, the deployment
apparatus is to rotate about the suspension cable without imparting a rotational force on

the suspension cable.

[00180] Example 15. The deployment apparatus according to one or more of example 1 to
example 14 or another example herein, such as example 14, wherein the deployment

apparatus is secured to the load control apparatus and wherein the load control apparatus
and the deployment apparatus are to rotate about the suspension cable without imparting

the rotational force on the suspension cable.

[00181] Example 16. The deployment apparatus according to one or more of example 1 to
example 15 or another example herein, such as example 2, wherein the spring system

comprises at least one of a spring or a releasable one-way ratchet.

[00182] Example 17. The deployment apparatus according to one or more of example 1 to
example 16 or another example herein, such as example 1, wherein the deployment
apparatus is secured to the load control apparatus and wherein the load control apparatus
comprises a fan, a load control cable, and a load control module, wherein the load control
cable is to secure the deployment apparatus to a load and wherein the load control

module is to cause the fan to output a force vector.

[00183] Example 18. The deployment apparatus according to one or more of example 1 to
example 17 or another example herein, such as example 17, wherein the force vector is to

bias the deployment apparatus relative to an objective.

[00184] Example 19. The deployment apparatus according to one or more of example 1 to
example 18 or another example herein, such as example 17, wherein the force vector is to

be communicated to the load by the load control cable.

[00185] Example 20. The deployment apparatus according to one or more of example 1 to
example 19 or another example herein, such as example 17, wherein the objective is at

least one of rotating or countering a rotation of the load, rotating or countering a pendular
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motion of the load relative to a carrier, a position relative to the carrier, or a position on a

surface remote from the carrier.

[00186] Example 21. The deployment apparatus according to one or more of example 1 to
example 20 or another example herein, such as example 1, wherein the releasable jaw
comprises an elastomer, wherein the elastomer is to contact the suspension cable when
the suspension cable is in the cable receiving area and the releasable jaw is in the closed

state.

[00187] Example 22. The deployment apparatus according to one or more of example 1 to
example 21 or another example herein, such as example 1, wherein the releasable jaw is to

be in the closed state when the engagement mechanism is not energized.

[00188] Example 23. The deployment system according to one or more of example 1 to
example 22 or another example herein, such as example 22, wherein the engagement
mechanism is energized when the engagement mechanism outputs a force to the

releasable jaw.

[00189] Example 24. The deployment system according to one or more of example 1 to
example 23 or another example herein, such as example 23, wherein the force output by
the engagement mechanism is to counteract a spring force of a spring system of the
releasable jaw, wherein the spring force is to bias or hold the releasable jaw in the closed

state.

[00190] Example 25. A deployment system to secure or not secure a load control system
onto a suspension cable, wherein the deployment system comprises: an engagement
mechanism and the load control system, wherein the engagement mechanism is to place a
releasable jaw of the deployment system in an open state or a closed state, wherein the
releasable jaw comprises a cable receiving area, wherein the cable receiving area is to
receive or not receive the suspension cable, and wherein the releasable jaw is to secure
the load control system to the suspension cable when the suspension cable is present in
the cable receiving area and the releasable jaw is in the closed state and is to not secure

the load control system onto the suspension cable when the releasable jaw is in the open
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state and wherein the releasable jaw is to be in the closed state when the engagement

mechanism is not energized.

[00191] Example 26. The deployment system of example 25 or another example herein,
wherein the load control system comprises a fan, a load control cable, and a load control
module, wherein the load control cable is to secure the load control system to a load and

wherein the load control module is to cause the fan to output a force vector.

[00192] Example 27. A method of securing a load control apparatus on a suspension cable,
comprising: energizing a releasable jaw of the load control apparatus with an engagement
mechanism, wherein energizing the releasable jaw causes a cable receiving area of the
releasable jaw to open to receive a suspension cable, positioning the load control
apparatus relative to the suspension cable such that the suspension cable enters the open
cable receiving area of the releasable jaw, with the engagement mechanism, de-energizing
the releasable jaw and causing the cable receiving area of the releasable jaw to close
around the suspension cable and secure the load control apparatus to the suspension

cable.

[00193] Example 28. The method of example 27 or another example herein, wherein the
releasable jaw comprises a spring system, wherein the spring system biases the releasable

jaw to close when the releasable jaw is de-energized.

[00194] Example 29. The method of one or more of example 27 to example 28 or another
example herein, such as example 27, wherein energizing the releasable jaw of the load
control apparatus with the engagement mechanism comprises transferring a force to the

releasable jaw with the engagement mechanism.

[00195] Example 30. The method of one or more of example 27 to example 29 or another
example herein, such as example 29, wherein transferring the force to the releasable jaw
with the engagement mechanism comprises at least one of squeezing a lever or engaging
an actuator, wherein squeezing the lever or engaging the actuator transfers the force

through a conduit to the releasable jaw.
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[00196] Example 31. The method of one or more of example 27 to example 30 or another
example herein, such as example 28, wherein transferring the force to the releasable jaw
with the engagement mechanism comprises compressing a spring in the spring system,
wherein compressing the spring energizes the releasable jaw and causes the cable

receiving area of the releasable jaw to open to receive the suspension cable.

[00197] Example 32. The method of one or more of example 27 to example 31, such as
example 27, wherein the load control apparatus comprises a processor and memory, a load
control module in the memory comprising instructions, wherein the instructions of the
load control module are performed by the processor, and further comprising activating the
processor to execute the instructions of the load control module to control a load

suspended by the suspension cable with the load control apparatus.

[00198] Example 33. The method of one or more of example 27 to example 32 or another
example herein, such as example 32, wherein activating the processor to execute the
instructions of the load control module to control the load suspended by the suspension
cable comprises operating the load control module in a functional mode or command
state, determining a desired physical state of the load control apparatus according to the
functional mode or command state, determining a current physical state of the load
control apparatus, determining a thrust output of the load control apparatus to bias the
load control apparatus from the current physical state to the desired physical state,
mapping the thrust output of the load control apparatus to a fan of the load control
apparatus, and causing the fan of the load control apparatus to output a force vector,
wherein the force vector biases the load control apparatus from the current physical state

to the desired physical state.
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CLAIMS
What is claimed is:
Claim 1. A deployment apparatus to secure or not secure a load control apparatus onto a

suspension cable, wherein the deployment apparatus comprises: a releasable jaw, an
engagement mechanism to place the releasable jaw in an open state or a closed state, wherein
the releasable jaw comprises a cable receiving area, wherein the cable receiving area is to
receive or not receive the suspension cable, and wherein the releasable jaw is to secure the
load control apparatus to the suspension cable when the suspension cable is present in the
cable receiving area and the releasable jaw is in the closed state and is to not secure the load

control apparatus onto the suspension cable when the releasable jaw is in the open state.

Claim 2. The deployment apparatus according to Claim 1, wherein the releasable jaw
comprises a spring system, wherein the spring system is to hold or bias the releasable jaw in the

open or closed state.

Claim 3. The deployment apparatus according to Claim 2, wherein the engagement
mechanism is to place the releasable jaw in the open state or the closed state by transfer of an

input force to the spring system.

Claim 4. The deployment apparatus according to Claim 1, wherein the releasable jaw

comprises a fixed jaw and a movable jaw, wherein the fixed jaw is within a clamp housing.

Claim 5. The deployment apparatus according to Claim 4, wherein the movable jaw has a
degree of freedom of motion relative to the clamp housing, wherein the degree of freedom of

motion allows the movable jaw to move toward the fixed jaw or away from the fixed jaw,
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wherein when the releasable jaw is in the closed state the movable jaw is maximally toward the

fixed jaw.

Claim 6. The deployment apparatus according to Claim 5, wherein when the releasable

jaw is in the open state the movable jaw is not maximally toward the fixed jaw.

Claim 7. The deployment apparatus according to Claim 4, wherein a spring system is to

bias or hold the releasable jaw into one of the open state or the closed state.

Claim 8. The deployment apparatus according to Claim 7, wherein the spring system is to
bias the releasable jaw into one of the open state or the closed state by removal of or

transmission of a spring force from the spring system to the movable jaw.

Claim 9. The deployment apparatus according to Claim 8, wherein the engagement
mechanism is to place the releasable jaw into the open state by transfer of an input force from
the engagement mechanism to the spring system, wherein the input force counteracts the

spring force.

Claim 10. The deployment apparatus according to Claim 9, wherein the engagement

mechanism comprises an actuator to generate the input force.

Claim 11. The deployment apparatus according to Claim 4, wherein the clamp housing has
a degree of freedom of motion within the deployment apparatus, wherein the degree of
freedom of motion of the clamp housing is to allow the clamp housing to rotate about the cable
receiving area and wherein the degree of freedom of motion of the clamp housing is provided

by a bearing set at an interface between the clamp housing and the deployment apparatus.

Claim 12. The deployment apparatus according to Claim 11, wherein the degree of

freedom of motion of the clamp housing is to allow the clamp housing to rotate about the cable
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receiving area such that when the releasable jaw is in the closed state and releasable jaw is
secured to the suspension cable within the cable receiving area, the deployment apparatus is to

rotate about the suspension cable without imparting a rotational force on the suspension cable.

Claim 13. The deployment apparatus according to Claim 12, wherein the deployment
apparatus is secured to the load control apparatus and wherein the load control apparatus and
the deployment apparatus are to rotate about the suspension cable without imparting the

rotational force on the suspension cable.

Claim 14. The deployment apparatus according to Claim 1, wherein the deployment
apparatus is secured to the load control apparatus and wherein the load control apparatus
comprises a fan, a load control cable, and a load control module, wherein the load control cable
is to secure the deployment apparatus to a load and wherein the load control module is to
cause the fan to output a force vector, wherein the force vector is to bias the deployment
apparatus relative to an objective, and wherein the force vector is to be communicated to the

load by the load control cable.

Claim 15. A deployment system to secure or not secure a load control system onto a
suspension cable, wherein the deployment system comprises: an engagement mechanism and
the load control system, wherein the engagement mechanism is to place a releasable jaw of the
deployment system in an open state or a closed state, wherein the releasable jaw comprises a
cable receiving area, wherein the cable receiving area is to receive or not receive the
suspension cable, and wherein the releasable jaw is to secure the load control system to the
suspension cable when the suspension cable is present in the cable receiving area and the

releasable jaw is in the closed state and is to not secure the load control system onto the
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suspension cable when the releasable jaw is in the open state and wherein the releasable jaw is

to be in the closed state when the engagement mechanism is not energized.

Claim 16. The deployment system of Claim 15, wherein the load control system comprises
a fan, a load control cable, and a load control module, wherein the load control cable is to
secure the load control system to a load and wherein the load control module is to cause the

fan to output a force vector.

Claim 17. A method of securing a load control apparatus on a suspension cable,
comprising: energizing a releasable jaw of the load control apparatus with an engagement
mechanism, wherein energizing the releasable jaw causes a cable receiving area of the
releasable jaw to open to receive a suspension cable, positioning the load control apparatus
relative to the suspension cable such that the suspension cable enters the open cable receiving
area of the releasable jaw, with the engagement mechanism, de-energizing the releasable jaw
and causing the cable receiving area of the releasable jaw to close around the suspension cable

and secure the load control apparatus to the suspension cable.

Claim 18. The method of Claim 17, wherein the releasable jaw comprises a spring system,
wherein the spring system biases the releasable jaw to close when the releasable jaw is de-

energized.

Claim 19. The method of Claim 17, wherein energizing the releasable jaw of the load
control apparatus with the engagement mechanism comprises transferring a force to the

releasable jaw with the engagement mechanism.

Claim 20. The method of Claim 19, wherein transferring the force to the releasable jaw

with the engagement mechanism comprises compressing a spring in the spring system, wherein
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compressing the spring energizes the releasable jaw and causes the cable receiving area of the

releasable jaw to open to receive the suspension cable.
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