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more movement assemblies. Functions of each multifunction movement component may comprise adhering and moving. The
adhering function may be performed using sealing element, which may be used to create seal between corresponding
multifunction movement component and structure. The moving function may be performed using a rolling element, which may be
configured to allow rolling on the structure. In some instances, one or more of the multifunction movement components may be
configured to also provide floating function, which may be performed, e.g., mechanically or pneumatically. In some Iinstances, three

non-floating multifunction movement components may be configured to form a triangle, to enable maintaining contact with the
structure, including when traversing compound surfaces.
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ABSTRACT

An automated motorized device may be configured to move on a structure for use in
assembling operations thereon. The automated motorized device may comprise a plurality of
multifunction movement components, which may be attached to one or more movement
assemblies. Functions of each multifunction movement component may comprise adhering
and moving. The adhering function may be performed using sealing element, which may be
used to create seal between corresponding multifunction movement component and structure.
The moving function may be performed using a rolling element, which may be configured to
allow rolling on the structure. In some instances, one or more of the multifunction movement
components may be configured to also provide floating function, which may be performed,
e.g., mechanically or pneumatically. In some instances, three non-floating multifunction
movement components may be configured to form a triangle, to enable maintaining contact

with the structure, including when traversing compound surfaces.
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MULTIFUNCTION LEGS FOR AUTONOMOUS CRAWLING ASSEMBLY
EQUIPMENT

BACKGROUND

Manufacturers, including aircraft manufactures for example, are under continuous
pressure to reduce costs associated with and/or to enhance efficiency of manufacturing
processes. In this regard, manufacturing a particular article (e.g., aircraft) may require
performing various steps to produce a complete example of the article. The type of steps
undertaken in a manufacturing process may be dictated by the article itself (e.g., number,
size, and/or shape of components), and/or by other conditions pertinent to the manufacturing
process (e.g., separate production of components of the article). For example, manufacturing
aircraft may require assembling components, such as fuselage or wing sections, which may
be made separately, sometimes at different locations and/or by different sub-contractors. In
some 1nstances, automated devices may be utilized during manufacturing processes. In this
regard, automated devices may be fixed, with the manufactured article (or components
thereof) being moved (e.g., via an assembly line) to allow the automated devices to operate
(c.g., applying fastening bolts). Alternatively, the automated devices may be configured as
moving devices that traverse the manufactured article (or component(s) thereof) while
operating on the article (or component(s)). For example, in aircraft manufacturing automated
systems capable of crawling over aircraft structures may be used, being configured to
accurately position at particular location (e.g., over a fastener location), and to perform
necessary operations thereat (e.g., processing the needed hole and installing a fastener).

Use of such automated systems may pose certain challenges, however. For example,
challenges associated with this type of automated systems may include or relate to
performing necessary course adjustments and/or enhancing the manner in which the system
moves from one location to the next. In this regard, many currently available systems suffer
from such limitations as low speed of movement over structure and/or skidding during course

adjustments, as a result of, for example, the means currently used in securing such automated

systems to the structures and/or moving them on these structures. For example, some current
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systems may utilize vacuum cups to adhere the system to structures. Use of such vacuum cups,
however, may necessitate deactivating the vacuum cup and pulling them away from structure
before movement of the system. As for course adjustments, current systems may utilize
rotation of support legs or feet to turn the system and make course adjustments. This, however,
may lead to skidding of the pressure foot and is a less controlled steering method. Therefore,
there exists a need to have an apparatus and method for providing automated assemblies in a
manner that enhances speed and/or movement of machines used during assembly of articles,
such as aircraft.

Further lIimitations and disadvantages of conventional and traditional approaches will
become apparent to one of skill in the art, through comparison of such systems with some
aspects, as set forth in the remainder of the present application with reference to the drawings.

SUMMARY

An apparatus and/or method 1s provided for multifunction legs for autonomous crawling

assembly equipment, substantially as shown in and/or described in connection with at least one
of the figures.

In one embodiment, there 1s provided an apparatus including an automated motorized
device operable to move on a structure for use 1in assembling of the structure. The automated
motorized device includes an end effector configured to perform a plurality of assembling
related functions and a plurality of multifunction movement components that are attached to at
least a first movement assembly and a second movement assembly. The first movement
assembly and the second movement assembly are each configured to adhere to the structure

with a corresponding group of the plurality of multifunction movement components while the
other of the first movement assembly and the second movement assembly moves relative to the

structure. Each multifunction movement component performs at least an adhering function and
a moving function. Each multifunction movement component includes a sealing element for
use in performing the adhering function. The sealing element 1s configurable to create a seal
around a chamber defined by the sealing element, when the sealing element 1s 1n contact with a
surface, by application of pneumatic suction in the chamber, thus urging a corresponding
multifunction movement component onto the surface. Each multifunction movement
component includes a rolling element for use in performing the moving function. The rolling

element is disposed with the chamber defined by the sealing element and is configurable to
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move on the surface when 1n contact with the surface and the rolling element becomes in
contact with the surface by deploying the rolling element such that any seal by the sealing
element 1s prevented or broken.

In another embodiment, there 1s provided an apparatus including a plurality of
multifunction movement components for use in automated motorized assembly systems. The
plurality of multifunction movement components are arranged on a first movement assembly
and a second movement assembly. Each of the first movement assembly and the second
movement assembly are configured to adhere to a surface with a corresponding group of the
plurality of multifunction movement components while the other of the first movement
assembly and the second movement assembly moves relative to the surface. Each
multifunction movement component includes a sealing element configurable to create a seal
around a chamber, defined by the sealing element, when the sealing element 1s in contact with
the surface, by application of pneumatic suction in the chamber, thus urging a corresponding
multifunction movement component onto the surface. Each multifunction movement
component further includes a rolling element including a ball configured to move on the surface
when the rolling element 1s 1n contact with the surface. The rolling element becomes 1n contact
with the surface by deploying the rolling element such that any seal by the sealing element 1s
prevented or broken. Each multifunction movement component turther includes a piston that 1s
configured to be disposed within a secondary chamber. The piston 1s operatively attached to
the rolling element and controlled to retract to establish the seal around the chamber and
controlled to extend to deploy the rolling element to break the seal around the chamber.

In another embodiment, there 1s provided a method nvolving positioning an end
effector of an automated motorized device that i1s operable to move on a structure for use in

assembling of the structure, at each of a plurality of predetermined locations of the structure.

The end effector 1s configured to apply one or more of a plurality of assembling related
functions at each of the plurality of predetermined locations. The method further involves

moving the automated motorized device to each of the plurality of predetermined locations by
use of a plurality of primary multifunction movement components and a plurality of secondary
multifunction movement components. The plurality of primary multifunction movement
components and the plurality of secondary multifunction movement components are attached to

at least a first movement assembly and a second movement assembly of the automated
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motorized device. Moving the automated motorized device involves securing one of the first
movement assembly and the second movement assembly to the structure while the other one of
the first movement assembly and the second movement assembly moves over the structure. For
each movement component, corresponding to one of the plurality of primary multifunction
movement components or one of the plurality of secondary multifunction movement
components, functions of the movement component include at least adhering and rolling. The
adhering 1s performed using a sealing element that is configurable to create a seal around a
chamber, defined by the sealing element, when the sealing element i1s contact with a surface, by
application of pneumatic suction in the chamber, thus urging the movement component onto the
surface. The rolling i1s performed using a rolling element including a ball and that 1s
configurable to move on the surface when the rolling element is in contact with the surface. The
rolling element becomes in contact with the surface by deploying the rolling element such that
any seal by the sealing element 1s prevented or broken.

These and other aspects and features, as well as details of an illustrated embodiment
thereof, will be more fully understood from the following description and drawings.

The features and functions that have been discussed can be achieved independently in
various embodiments or may be combined in yet other embodiments further details ot which

can be seen with reference to the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 tllustrates an autonomous crawling assembly system, incorporating multifunction
legs, which may be used during assembly of component(s), such as during manufacturing of
aircraft.

FIG. 2 illustrates a primary multifunction leg for use in autonomous crawling assembly
equipment.

FIG. 3 illustrates a secondary multifunction leg for use in autonomous crawling
assembly equipment.

FIG. 4 illustrates alternate implementation of a secondary multifunction leg for use in
autonomous crawling assembly equipment.

FIGs. SA and 5B illustrate example movement of an autonomous crawling assembly

system during assembly operations.
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FIG. 6 illustrates placement of an example autonomous crawling assembly system,
which utilizes primary and secondary multifunction legs, on a curved structure.

FIG. 7 illustrates use of an example autonomous crawling assembly system, which
incorporates primary and secondary multifunction legs and support oriental adjustment.

FIG. 8 is a flow chart that illustrates movement of an autonomous crawling assembly
system that incorporates primary and secondary multifunction legs, during assembly of
structure (e.g., aircraft component).

FIG. 9 is a flow chart that illustrates turning of an autonomous crawling assembly
system that incorporates primary and secondary multifunction legs, during assembly of

structure (e.g., aircraft component).

DETAILED DESCRIPTION

Certain embodiments may be found in a method and system for multifunction legs tor
autonomous crawling assembly equipment. Many specific details of certain embodiments are
set forth in the following description as well as the drawings to provide a thorough
understanding of such embodiments. One skilled in the art, however, will understand that
there may be additional embodiments, or that certain of these embodiments may be practiced
without several of the details described in the following description. Like numbers retfer to
like elements throughout.

As utilized herein the terms "circuits" and “circuitry" refer to physical electronic
components (i.e. hardware) and any software and/or ﬁrmware‘("code") which may configure
the hardware, be cxecuted by the hardware, and or otherwise be associated with the hardware.
As utilized herein, "and/or" means any one or more of the items in the list joined by
"and/or". As an example, "x and/or y" means any element of the three-element set {(x), (v),
(X, Y)}. As another example, "X, y, and/or z" means any element of the seven-element set
{(x), (), (2), (X, ¥), (X, ), (y, 2), (X, ¥, z)}. As utilized herein, the terms “block™ and
“module” refer to functions than can be performed by one or more circuits. As utilized

herein, the term “exemplary” means serving as a non-limiting example, instance, or
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illustration. As utilized herein, the term “e.g.,” introduces a list of one or more non-limiting

examples, instances, or illustrations.

FIG. 1 1s a diagram 1illustrating an autonomous crawling assembly system, incorporating
multifunction legs, which may be used during assembly of component(s), such as during
manufacturing of aircraft, in accordance with an advantagecous embodiment. Rcferring to FIG.
1, there 1s shown a crawler, such as a crawler system 1140.

The crawler system 110 may comprise a portable, automated motorized device which
may be operable to move on a physical object, such as during assembly of the physical object
of component thereof, and may be used in performing particular operations, such as assembling
related operations (e.g., a drilling, bolting, and/or fastening), in a controlled manner. For
example, the crawler system 110 may be used during manufacturing and/or assembly of aircraft
or components thereof (e.g., fuselage or wings). In this regard, the crawler system 110 may
preferably be placed on a structure 100 (e.g., a wing), and may then move over the structure
100 while performing assembling related operations thereon, at different locations (e.g.,
intended bolting positions on the wing).

The crawler system 110 may comprise a plurality of components performing various
operations in support of intended functions of the crawler system 110. For example, as shown
in FIG. 1, the crawler system 110 may comprise a multifunction end eftector 120, a first
movement arm 140 and a second movement arm 150, and a clamping component (‘clamper’)
160. The crawler system 110 may also comprise additional means for performing
other/secondary functions such as holding, pivoting and/or rotating. In this regard, the holding

function may pertain to ‘holding’ various components of the crawler system 110, whereas the

pivoting and/or the rotating functions may relate to adjusting positioning of components ot the
crawler system 110 (including relative to other components).

The multifunction end effector 120 may be configured to perform one or more
assembling related opcrations or functions, which may be utilized during manufacturing of
articles, such as aircraft or components thereof. For example, the multitunction end effector
120 may be configured to perform such tunctions as drilling bolting holes and/or applying
fastening bolts. Use of such functions may be made, for example, during assembling ot aircraft
wings. In this regard, assembling functions applied by the multifunction end effector 120 to the

wing 100 may enable bolting a spar 102 to a wing panel such as a wing box 104.
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The first movement arm 140 and the second movement arm 150 may enable,
individually and/or in combination (and/or in conjunction with other components of the crawler
system 110), moving the crawler system 110 along the structure (e.g., the wing 100, or more
specifically on the wing box 104) to which the functions ot the multifunction end effector 120
may be applied (e.g., installing fasteners). In this regard, the first movement arm 140 and the
second movement arm 150 may be configured such as to provide, while operating individually
and/or in combination, autonomous movement of the crawler system 110, 1n a controlled
manner that may enable optimizing operation of the crawler sysfem 110 (and/or functions
performed thereby—e.g., assembling related functions), such as by enhancing speed of
movement of the crawler system 110 without compromising (or even with improvement to) the
holding (or securing of) the crawler system 110 to the structure 100. This may be achieved, for
example, by incorporating into each of the first movement arm 140 and the second movement
arm 150 a plurality of multifunction movement components.

For example, as shown in FIG. 1, the crawler system 110 may incorporate two types of
multifunction movement components: primary legs 170 and secondary legs 180. For example,
in the embodiment shown in Figure 1, the primary legs 170 may be located on the second
movement arm 150 while the secondary legs 180 may be located on both the first movement
arm 140 and the second movement arm 150. In this regard, each of the primary legs 170 and
the secondary legs 180 may be configured to provide multiple functions related to support and
movement of the crawler system 110. For example, each primary leg 170 or secondary leg 180
may be configured to provide both of an adhering (or holding) function (e.g., relating to

securing the crawler system 110 to the structured being traversed), and a moving function (e.g.,

relating to moving the crawler system over the structured being traversed). In an example
implementation, each of the primary leg 170 or secondary leg 180 may comprise a suction cup
component that may be configured to provide a securing function—i1.e., enabling “holding’ the
corresponding leg (primary or secondary) to a surface, such as by use of vacuum created via the
suction cup. Additionally, the each of the primary leg 170 or secondary leg 180 may comprise

a rolling component that may be deployed to provide the “rolling’ function—i.e., facilitating or

CA 2853847 2017-08-28



10

15

20

25

CA 02853847 2014-06-06

enabling moving of the leg (primary or secondary), and the corresponding arm to which the
leg 1s attached——e.g., by rolling over the structure. In addition, the secondary legs 180 may
also incorporate additional mechanism/component to enable or allow ‘floating’ of the leg
(e.g., allow vertical adjustment relative to the surface of the structure). Floating the
secondary legs in this manner may be desired as it may allow keeping multiple legs in contact
with the surface, even in curved sections of the structure. Detailed example implementations
of primary and secondary legs are described in more details in at least FIGs. 2-4, as follows.

In some instances, the crawler system 110 may comprise holding component(s), which
may be utilized in connecting and holding various components of the crawler system 110.
For example, the holding function may comprise use of connecting elements, such as a holder
plate 130 for example, which may be utilized in connecting (and holding) various elements of
the crawler system 110 (e.g., the movement arms 140 and 150, and/or the multifunction end
eftector 120). In this regard, the holder plate 130 may be used in connecting (and holding)
the first movement arm 140 and the second movement arm 150. The holder plate 130 may
comprise ‘track’ or ‘rail’ elements—e.g., to allow one or both of the movement arms (the first
movement arm 140 and the second movement arm 150) to slide (or rotate) through the holder
plate 130 for example. For example, the holder plate 130 may be connected to one of the
movement arm (e.g., the first movement arm 140) such that connection point(s) between the
holder plate 130 and the movement arm may be adjusted, to allow the movement arm to slide
(linearly) relative to the holder plate 130. On the other hand, the holder plate 130 may be
connected to the other movement arm (e.g., the second movement arm 150) such that the
connection point(s) between the holder platc 130 and the other movement arm may be fixed
or may allow for rotational (pivotal) adjustments. In other words, the holder plate 130 and
(the second movement arm 150) may be rotated relative to the other movement arm (the first
movement arm 140).

In some 1nstances, to enhance use ot the movement components of the crawler system
110 (e.g., the first movement arm 140 and the second movement arm 150), the crawler
system 110 may comprise rotating/pivoting means, which may be used to allow for (when

needed) rotating of particular components of the crawler system 110, in a controlled manner
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and (preferably) independent of other components of the crawler system 110 (i.e. while
maintaining positioning of other components or allowing moving them in different manner).
For example, the crawler system 110 may incorporate one or more actuators (e.g., a rotational
actuator 132 and/or a linear actuator 134), which may be utilized to allow adjusting
positioning (linearly and/or rotationally) of one or more components of the crawler system
110 (e.g., the multifunction end etfector 120) relative to the remaining components of the
crawler system 110. In this regard, the rotation actuator 132 and/or the linear actuator 134
may be utilized to allow for rotating or pivoting of particular components of the crawler
system 110, such as the multifunction end effector 120, the first movement arm 140, and/or
the second movement arm 150 which may allow for rotating one or more of these
components while the other component(s) or the crawler system 110 is secured to the
structure. Doing so may enhance movement of the crawler system 110, such as by allowing
at least part of any needed movement adjustment (e.g., course change) to be performed while
the crawler system 110 is being utilized for its intended function (e.g., while the
multifunction end ettector 120 is being utilizing to apply assembling related functions). For
example, the rotation actuator 132 and/or the linear actuator 134 may be utilized to ensure
that the multifunction end effector 120 remains unmoved (e.g., while it is being utilizing to
apply assembling related functions) even while one or both of the first movement arm 140
and the second movement arm 150 are being rotated or pivoted.

In various implementations, the crawler system 110 may be configured to move and/or
operate in optimized manner compared to existing systems. In this regard, there may be
various challenges associated with use of automated assembling systems, particularly with
respect to course adjustments and/or the manner by which in which the system moves from
one location to the next. For example, many currently available systems suffer from such
limitations as low speed of movement over structure(s) and/or skidding during course
adjustments, as a result of currently used means for securing or holding such automated
systems to the structures and/or for moving them (or adjusting the course of movement) on
the structure(s). To achieve the desired enhancements in terms of speed of movement, course

or movement adjustments, and/or reliability of system’s ‘holding’ onto the structure(s), the
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crawler system 110 may incorporate various components (or enhancements to components).
The crawler system 110 may incorporate, for example, a plurality of movement related
components (e.g., legs and/or arms), which may be configured to enable performing at least a
portion of requircd movement (or adjustment of course thereof) while the crawler system 110
1S being used to apply assembling related functions. In this regard, the movement related
components may be configured to support performing multiple functions related to movement
operations. The application of these functions may be done in combined manner, to further
enhance performance of the crawler system 110 (particularly during movement thereof). For
example, during use of the crawler system 110, some of the movement related components
(¢.g., legs, primary or secondary, of one movement arm) may be configured to perform one
function (e.g., “holding’ or ‘securing’ to the structure) while other movement components (e.g.,
legs, primary or secondary, of another movement arm) are being configured to perform another
function (e.g., movement related functions, such as ‘rolling’ or ‘sliding’ over the structure for
example). In some instances, and to account for variations in the surface of the traversed
structure, some of the movement related components (e.g., secondary legs) may be configured
(e.g., by application of a “tloating” tunction) to allow for adjustments based on the contours of
the surface. Some examples of the various implementations of particular movement
components (¢.g., legs) that may be used 1n the crawler system 110, and/or use thereof during
operations of the crawler system 110, are described 1n the following paragraphs relating to, for
cxample, FIGs. 2-4.

[n an implementation, the crawler system 110 may comprise clamping or securing
means (€.g., the clamper 160), which may be used to ensure that the multifunction end eftector
120 1s firmly secured to the structure 100 to which the assembling functions are applied by the
multifunction end effector 120. For example, the clamper 160 may comprise a non-permanent
magnet which may be activated (e.g., an electro-magnet activated using electric current) when
the multifunction end effector 120 neceds to be secured to the structure (e.g., when the
multifunction end eftector 120 is positioned at a location on the wing box 104 where a

fastening bolt is to be applied); otherwise, the magnet which may be deactivated, such as

10
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when the crawler system 100 (or parts thereof, such as the multifunction end effector 120)
may be moving.

In an implementation, one or more legs (primary and/or secondary legs) may be
attached to other components of the crawler system 110—i.e., in addition to the first
movement arm 140 and the second movemcent arm 150. For example, in some instances, a
primary leg 170 may be attached to the holder plate 130. Doing so may be desired as it may
allow for increase number of available legs and/or to ensure contact (sealed or rolling) with
large surface of the surface. In some instances, functions the primary leg 170 attached to the
holder plate130 may be correlated to other legs (e.g., the primary legs of the second
movement arm 150).

In an implementation, the crawler system 110 may also comprise one or more motors
(not shown), which may be utilized to cnable and/or support the automated motorized
movement of the crawler system 110, such as by driving and/or enabling functions of at least
some of components of the crawler system 110 used in conjunction with movement and/or
use of the crawler system 110 (e.g., rotating/securing component of the multifunction end
etfector 120, the first movement arm 140, and/or second movement arm 150).

In an implementation, the crawler system 110 may also comprise one or more sensors
(not shown), which may be utilized to enable and/or support sensing details of the structure
(or particular the surtace thereof) that the crawler system 110 is traversing. The obtained
sensory information may then be utilized to better control operations of the crawler system
110 (e.g., determine necessary rotation, floating, etc.).

In an implementation, the crawler system 110 may comprise a controller component
(not shown) for controlling various operations and/or components of the crawler system 110.
In this regard, the controller component may comprise a programmable circuitry providing
control signals to at least some of the components of the crawler system 110, to enable
configuring these components to perform various operations in support of the functions of the
crawler system 110. For example, the controller component may control operations of the

movement component of the crawler system 110.
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In an implemcntation, the crawler system 110 may be configured to receive and/or
transmit information, such as by incorporating a communication component for providing
and/or handling communications to and/or from the crawler system 110. In this regard, the
crawler system 110 may receive, for example, user input, which may be used in controlling
and/or adjusting various operations or functions of the crawler system 110. The user input
may comprise, for example, movement related commands, such as “start” or “stop” and/or
other similar commands. The communication component may also be configured to enable
transmitting status information, such as information relating to various components or
functions of the crawler system 110. The status information may be transmitted to other
devices that may be utilized by users (e.g., a computer). The reception and/or transmission
may be performed wirelessly, using one or more appropriate tcchnologics. For cxample,
communications may be via infra-red (IR) signals, near field communication (NFC) signals,
Bluetooth signals, and/or WiF1 signals. This disclosure is not limited, however, to any
particular communication technology.

FIG. 2 illustrates a primary multifunction leg for use in autonomous crawling
assembly equipment. Referring to FIG. 2, there is shown a primary leg 200.

The primary leg 200 may represent a first type of multifunction movement component
that may be incorporated into portable, automated assembly systems, such as the crawler
system 110 of FIG. 1. In this regard, the primary leg 200 may correspond to each of the

primary legs 170 of FIG. 1. The primary leg 200 may be affixed (attached) to an attachment
plate 210, which may be part of the assembly system. In this regard, the attachment plate 210

may represent a section of a movement assembly (arm), or other non-movement component
of the assembly system, to which legs may be attached. For example, with reference to the
crawler system 110 of FIG. 1, the attachment plate 210 may correspond to section of the first
movement arm 140, the second movement arm 150, or the holder plate 130.

The primary leg 200 may be operabie to provide or enable various functions that may
bc pertinent to the movement of the assembly systems, during assembling operations, in a

conirolled manner. For example, the primary leg 200 may be configured to a moving
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function (i.e. enable or support movement of the system), and a securing function (e.g.,
enabling securing the system to traversed structures).

The primary leg 200 may comprise various elements, which may be designed, set up,
and/or configured based on, for example, the functions supported by or in which the primary
leg 200 may be configured. For example, the primary leg 200 may comprise one or more
elements configured to provide or support the securing (‘holding’ or ‘adhering’) function.
The primary leg 200 may utilize, for example, a suction cup component to provide the
securing function. In this regard, the securing (or ‘holding’) onto a surface may be provided
by use of vacuum to create a pulling force to enable securing the primary leg 200 to a surlace
with which the suction cup may be in contact. For example, the suction cup may comprise a
suctioh cup housing 230, to which a sealing element (e.g., suction cup lip 232) is attached,
with the suction cup housing 230 and the sealing element (the suction cup lip 232) defining a
chamber (cavity or space) 250, within which vacuum may be created to generate the
‘holding’ force. In other words, the suction cup lip 232 may be utilized to provide the
sealing, between the chamber 250 and the surface, required to create the necessary vacuum
for generating the ‘holding’ force. The vacuum in the chamber 250 may be created by
application of pneumatic suction of the air from the chamber 250, via an airflow valve 234
running through suction cup housing 230. In this regard, a pump or vacuum source may be
connected to the airtlow valve 234 (e.g., using a tube) to allow applying air suction. In some
instances, the airflow valve 234 may be utilized to apply pneumatic (e.g., air) injection nto
the chamber 250. This may be done, for example, when breaking the seal 1s desired.

The primary leg 200 may comprise one or more elements configured to provide the
moving function. For example, the primary leg 200 may comprise a rolling component,
which may be utilized to enable moving the primary leg 200 by means of rolling on the
traversed surface. The rolling component may comprise a ball (e.g., steel ball) 240 that 1s
held by a ball holder 244. The ball 240 may be configured to roll freely within the ball
holder 244, such as by means of lubrication, mini bearing balls, or the like. Thus, when the
ball 240 is contact with the surface, the primary leg 200 may be operable to move on the
surface as result of the ball 240 rolling within its ball holder 244. The ball 240 (and its
holder 244) may be configured to move vertically (1.e., in the Z direction, relative to the

surface) within the primary leg 200. This may enable retracting the ball 240 when the
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securing function 1s being applied, and/or to retract the ball 240 when the moving function 1s
being applied. For example, the primary leg 200 may incorporate a pneumatic (e.g., air)
cylinder 220 that may be utilized to enable the vertical movement ot the ball 240. For
example, the air cylinder 220 may be aftached to the suction cup housing 230, with the ball
240 (via 1ts ball holder 244) being connected to a piston 222 that may move within an
internal chamber inside the air cylinder 220. In this regard, the piston 222 may be moved by
application of pneumatic (air) injection or suction, via one or more airflow valves 224,

Accordingly, the ball 240 may be retracted by moving the piston 222 up, and may be
deployed by moving the piston down within the air cylinder 220. In this regard, the amount
of movement of the piston (e.g., based on the dimensions of the internal chamber of the air
cylinder 200) may be configured such that at its lowest point (relative to the surface), the ball
240 extends beyond the suction cup lip 232, whereas positioning the piston 222 higher within
the chamber (e.g., close to 1ts highest point, relative to the surface) would retract the ball 240
within the chamber 250.

In an example use scenario, when the primary leg 200 is configured to provide
moving function, the ball 240 may be deployed—e.g., by moving the piston 222 down (in the
Z. direction), such as by application of air injection above the piston 222 within the air
cylinder 220, thus creating positive air pressure (+AP). Additionally, during deployment of
the ball 240, any vacuum within the chamber 250 may be deactivated by deactivating any air
suction being applied via the airflow valve 234 (and in some instances, by application of air
injection into the chamber 250, thus creating positive air pressure (+AP) within that space).
This may enable the ball 240 to easily break any seal as it is deployed beyond the suction cup
lip 232. Once the ball 240 makes contact with the surface (e.g., at contact point 242), the ball
240 may roll freely (within its ball holder 244), thus allowing movement of the primary leg
200 over the surface. When the primary leg 200 is configured to provide securing (holding)
function, such as during drilling/fastening process, the ball 240 may be retracted, and
chamber 250 may be placed under vacuum-—e.g., suction sup vacuum turned on by

application of air suction via the airflow
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valve 234, to create negative air pressure (-AP), thus stabilizing the primary leg 200 on the
part surface (in X,Y directions), while the position of the retracted ball 240 (providing a hard
stop—t.€., 1t is stop such that it may remain nominally in contact with the surface, without
afiecting any seal being created by the suction cup lip 232), is stabilizing leg in Z direction.

FIG. 3 1llustrates a secondary multifunction leg for use in autonomous crawling
assembly equipment. Referring to FIG. 3, there is shown a secondary leg 300.

The secondary leg 300 may represent a second type of multifunction movement
component that may be incorporated into portable, automated assembly systems, such as the
crawler system 110 of FIG. 1. In this regard, the secondary leg 300 may correspond to each
of the secondary legs 180 of FIG. 1. The secondary leg 300 may be affixed (attached) to an
attachment plate 310, which may be part of the assembly system. In this regard, the
attachment plate 310 may represent a section of a movement assembly (arm), or other non-
movement component of the assembly system, to which legs may be attached. For example,
with reference to the crawler system 110 of FIG. 1, the attachment plate 310 may correspond
to section of the first movement arm 1440, the second movement arm 150, or the holder plate
130.

As with the primary leg 200, the secondary leg 300 may also be operable to provide or
enable various functions that may be pertinent to the movement of the assembly system, such
as during assembling operations, in a controlled manner. For example, the secondary leg 300
may also be configured to a moving function (i.e. enable or support movement of the system),
and a securing function (e.g., enabling sccuring the system to traversed structures). In
addition, however, the secondary leg 300 may be configured to provide a ‘floating’ function.
In this regard, when configured to float, the secondary leg 300 may float during system’s
linear and rotational motion—i.e., at least a section of the secondary leg 300 may move in
vertical direction (e.g., in the Z direction). In other words, while the secondary leg 300
remains attached to the system (the attachment plate 310), the length of the secondary leg 300
may be adjusted, thus allowing the secondary leg 300 to maintain contact with the structure

surface in compound regions (i.e., non-flat sections).
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As with the primary leg 200, the secondary leg 300 may comprise various elements,
which may be designed, set up, and/or configured based on, for example, the functions
supported by or in which the secondary leg 300 may be configured. For example, the
secondary leg 300 may comprise one or more elements configured to provide or support the
securing (‘holding™ or ‘adhering’) function. In this regard, the secondary leg 300 may
Incorporate similar suction cup based implementation as with the primary leg 200, for
enabling securing (or ‘holding’) the secondary leg 300 onto a surface using pneumatic
pressure (e.g., vacuum) to create a pulling force between the secondary leg 300 and the
surface. For example, the suction cup may comprise a suction cup housing 330, to which a
sealing element (e.g., a suction cup lip 332) is attached, defining a chamber (cavity or space)
350, within which vacuum may be created (e.g., by application of pneumatic suction via an
airflow valve 334) to generate the ‘holding’ force. In this regard, these elements may be
similar to corresponding elements in the primary leg 200 (e.g., the suction cup housing 230,
the suction cup lip 232, the airtlow valve 234, and the chamber 250, as described with respect
to FI1G. 2).

The secondary leg 300 may comprise one or more elements configured to provide the
moving function. In this regard, the secondary leg 300 may incorporate similar rolling based
implementation as with the primary leg 200, for enabling moving the secondary leg 300 over
the surface. For example, the secondary leg 300 may comprise a ball (e.g., steel ball) 340
that 1s held by a ball holder 344. In this regard, the ball 340 and the ball holder 344 may be
stmilar to the ball 240 and the ball holder 244 of the primary leg 200, and may operate In
similar manner, as described with respect to F1G. 2 for example. In this regard, as with the
primary leg 200 of FIG. 2, the secondary leg 300 may incorporate a pneumatic (e.g., air)
cylinder 320 that may be used in deploying and/or retracting the ball 340. For example, the
air cylinder 320 may be attached to the suction cup housing 330, with the ball 340 (via its
ball holder 344) being connected to a piston 322 moving within an internal chamber 1nside
the air cylinder 320, such as by application of pneumatic (air) injection or suction, via one or
more airflow valves 324.

In addition, the secondary leg 300 may comprise one or more elements configured to
provide the floating function. For example, a first part of the secondary leg 300 (e.g., the

portion corresponding to the primary leg 200, comprising the suction cup
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component/elements and the air cylinder 320) may be attached to a floating component,
which may be implemented using pneumatic implementation. In this regard, the floating
component may comprise a (second) pneumatic (air) cylinder 360, which may be utilized to
enable the floating of the remaining part of the secondary leg 300. The air cylinder 360 may
comprise a piston 362, which may move within an internal chamber inside the air cylinder
360. In this regard, the piston 362 may be moved by application of pneumatic (air) injection
or suction, via one or more airflow valves 364. The piston 362 may be connected, using a
floating rod 370, to the (first) air cylinder 320, thus allowing for movement of that cylinder
(and all other remaining components/elements attached thereto) vertically (in the Z direction,
thus providing the desired ‘floating’). Thus, the lower part of the secondary leg 300 may
float by moving the piston 362 within the internal chamber of the air cylinder 360 (e.g., by
application of pneumatic injection or suction, via the airflow valves 364).

In some instances, it may be desirable to disable the floating function. For example,
once the secondary leg 300 floats onto new position on the surface (thus adjusting for any
contours or vanations), the secondary legs 300 may need to be prevent from further floating
(e.g., when applying ‘securing’ function). Accordingly, the secondary leg 300 may comprise
one or more elements for disabling or deactivating the floating function. For example, the
secondary leg 300 may incorporate a braking mechanism 380, which may be configured to
adaptively apply braking (e.g., by applying a ‘locking’ force against a brake drum 382, which
may be attached to the air cylinder 320. Thus, when the floating function is to be disabled,
braking may be applied (via the braking mechanism 380), by locking the air cylinder 320
(and the rest of the floating part of the secondary leg 300) to prevent any further tloating.

In an example use scenario, when the secondary leg 300 1s configured to provide
moving function, the ball 340 may be deployed—e.g., by moving the piston 322 down (in the
7. direction), such as by application of air injection above the piston 322 within the air
cylinder 320, thus creating positive air pressure (+AP). Additionally, during deployment of
the ball 340, any vacuum within the chamber 350 may be deactivated, e.g. the suction cup
vacuum turned oif by deactivating any air suction being applied via the airflow valve 334
(and in some instances, by application of air injection into the chamber 350, thus creating
positive air pressure (+AP) within that space). This may enable the ball 340 to easily break

any seal as it 1s deployed beyond the suction cup lip 332. Once the ball 340 makes contact
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with the surface (e.g., at contact point 342), the ball 340 may roll freely (within its ball holder
344), thus allowing movement ot the secondary leg 300 over the surface. During moving
function, the floating of the secondary leg 300 may typically be activating, to allow the
secondary leg 300 (specifically the ball 340) to maintain contact as it moves over compound
surfaces. This may be achieved by deactivated the braking mechanism 380 (to allow vertical
movement of the floating rod 370). In addition, air may be injected or sucked in the air
cylinder 360 (above and/or below the piston 362) to provide sufficient downward force for
ensuring that the ball 340 maintain contact as it adjusts to the contours of the traversed
surface—i.e., provide just sufficient resistance to prevent the ball from jumping off the
surtace as 1t pushed, and that 1s continues to push downward as 1t moves over depresses
sections of the surface.

When the secondary leg 300 1s configured to provide securing (holding) function,
such as during drilling/fastening process, the ball 340 may be retracted, and chamber 350
may be placed under vacuum—e.g., by application of air suction via the airflow valve 334, to
create negative air pressure (-AP), thus stabilizing the secondary leg 300 on the part surface
(in X,Y directions). In a first configuration, the floating function of the secondary leg 300
may be maintained (or activated) (e.g. by deactivating the braking mechanism 380), such as
to prevent the ball 340 from accidently breaking the seal. Alternatively, in some instances of
a second securing contiguration, the floating of the secondary leg 300 may be deactivated
(e.g., by activating the braking mechanism 380) when the secondary leg 300 is configured for
the securing function. This may be done, for example, to further stabilize (i.e. fix) the leg in

the vertical (Z) direction.

FIG. 4 1llustrates alternate implementation of a secondary multifunction leg for use in
autonomous crawling assembly equipment. Referring to FIG. 4, there 1s shown a secondary
leg 400.

As with the secondary leg 300, the secondary leg 400 may also represent a second

type of multifunction movement component that may be incorporated into portable,
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automated assembly systems, such as the crawler system 110 of FIG. 1. In this regard, the

secondary leg 400 may correspond to each of the secondary legs 180 of FIG. 1. The
secondary leg 400 may be affixed (attached) to an attachment plate 410, which may be part of
the assembly system. In this regard, the attachment plate 410 may represent a section of a
movement assembly (arm), or other non-movement component of the assembly system, to
which legs may be attachcd. For example, with reference to the crawler system 110 of FIG.
1, the attachment plate 410 may correspond to section of the first movement arm 140, the
second movement arm 150, or the holder plate 130.

The secondary leg 400 may be substantially similar to the secondary leg 300 of FIG.
3. In this regard, as with the secondary leg 300, the secondary leg 400 may also be operable
to provide or enable various functions pertinent to the movement of the assembly system,
such as during assembling operations, in a controlled manner, including moving function,
securing function, and floating function. In this regard, the secondary leg 400 may comprise
various elements, which may be designed, set up, and/or configured based on, for example,
the functions supported by or in which the secondary leg 400 may be configured.

For example, the secondary leg 400 may comprise one or more elements configured to
provide or support the securing function, using similar suction cup based implementation as
with the secondary leg 300. For example, secondary leg 400 may comprise a suction cup
housing 430, to which a sealing element (e.g., a suction cup lip 432) is attached, defining a
chamber (cavity or space) 450, within which vacuum may be created (e.g., by application of
pneumatic suction via an airflow valve 434) to generate the ‘holding’ force. In this regard,
these elements may be similar to corresponding elements in the secondary leg 300 (e.g., the
section cup housing 330, the section cup lip 332, the airflow valve 334, and the chamber 360,
as described with respect to FIG. 3).

Also, the secondary leg 400 may comprise one or more elements configured to
provide the moving function, using similar rolling based implementation as with the

secondary leg 300. For example, the secondary leg 400 may also comprise a ball (e.g., steel

ball) 440 that is held by a ball holder 444. In this regard, the ball 440 and the ball holder 444
may be similar to the ball 340 and the ball holder 344 of the secondary leg 300, and may
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operate 1n similar manner, as described with respect to FIG. 3 for example. In this regard, as
with the secondary leg 300 of FIG. 3, the secondary leg 400 may incorporate a pneumatic
(e.g., air) cylinder 420 that may be used in deploying and/or retracting the ball 440. The air
cylinder 420 may also be attached to the suction cup housing 430, with the ball 440 (via its
ball holder 444) being connected to a piston 422 moving within an internal chamber inside the
air cylinder 420, such as by application of pneumatic (air) injection or suction, via one or
more atrflow valves 424,

In addition, as with the secondary leg 300, the secondary leg 400 may also comprise
one or more elements configured to provide the floating function. However, unlike the
secondary leg 300, the floating component of the secondary leg 400 is implemented using
mechanical based implementation rather than pneumatic based implementation. In this
regard, the floating component of the secondary leg 400 may comprise a disk 460, which may
move within a corresponding chamber in a container section that 1s affixed to the attachment
plate 410. The disk 460 may be connected, using a floating rod 470, to the air cylinder 420,
thus allowing for movement of that cylinder (and all other remaining components/elements
attached thereto) vertically (in the Z direction), based on movement of the disk 460, thus
providing the desired floating. In this regard, the movement of the disk 460 within its
chamber may be driven by a mechanical force, such as the as result of loading/unloading of a
spring 462, which may be placed between the container of the disk 460 and the top of the air
cylinder 420. Thus, the lower part of the secondary leg 400 may float when the disk 460 is
moving within the internal chamber of the air cylinder 460 (e.g., by application of spring
loading, via the spring 462).

As with the secondary leg 300, the secondary leg 400 may also comprise one or more
elements for disabling or deactivating the floating function, such as by means of braking. For
example, the secondary leg 400 may also incorporate a braking mechanism 480, which may
be contfigured to adaptively apply braking, substantially as described with respect to the
braking mechanism 380 of the secondary leg 300 (e.g., by applying a ‘locking’ force against a
brake drum 482, which may be attached to the air cylinder 420).

In an example use scenario, when the secondary leg 400 is configured to provide
moving tunction, the ball 440 may be deployed, and any vacuum within the chamber 450 may

be deactivated, e.g. the suction cup vacuum turned off by deactivating any air suction being
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apphied via the airflow valve 434 to create positive air pressure (+AP) in the chamber 450.
Further, during the moving function, the floating of the secondary leg 400 may typically be
activating, to allow the secondary leg 400 to maintain contact as it moves over compound
surfaces. This may be achieved by deactivating the braking mechanism 480 to allow vertical
movement of the floating rod 470.

When the secondary leg 400 is configured to provide securing function, the ball 440
may be retracted and the chamber 450 may be placed under vacuum, e.g. the suction cup
vacuum turned on by application of air suction via the airflow valve 434, to create negative
air pressure (-AP) in the chamber 450. In a first securing configuration, the floating function
of the secondary leg 400 may be maintained (or activated) by deactivating the breaking
mechanism 480. Alternatively, in other instances of a second securing configuration, the
floating function of the secondary leg 400 may be deactivated by activating the braking
mechanism 480, which may fix the leg in the vertical (Z) direction.

F1Gs. SA and 3B illustrate example movement of an autonomous crawling crawler
system during assembly operations. Referring to FIGs. SA and 5B, there is shown a crawler,
such as a crawler system 510.

The crawler system 510 may comprise a portable, automated motorized device that
may be contigured for performing particular operations (e.g., assembling related operations,
such as drilling, bolting, and/or fastening) on a physical structure (e.g., aircralt or component
thereotf), and to do so while moving on the structure, in a controlled manner. The crawler
system S10 may be substantially similar to the crawler system 110, as described with respect
to FIG. 1 for example. As shown in FIG. 5B, the crawler system 510 may comprise, for
example, a first movement arm 520, a second movement arm 530, a plate (holder) 540, and a
clamper §50. Also, while not shown expressly in FIG. 5B, the crawler system 510 may also
comprise a multifunction end-effector, for use in performing various assembling related
operations that may be provided by the crawler system 510. The components of the crawler
system 310 may be similar to the similar components (e.g., similarly named components or
elements) of the crawler system 110, substantially as described with respect to FIG. 1.

Furthermore, a plurality of primary legs 560 and/or secondary legs 570 may be
Incorporated into the crawler system 510, to enable providing movement and/or securing

related functions. In this regard, each primary leg 560 may be similar to the primary leg 200,
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as described with respect to FIG. 2; whereas each secondary leg 570 may be similar to the
secondary leg 300 or the secondary leg 400, as described with respect to FIGs. 3 and 4,
respectively. The primary legs 560 and/or secondary legs 570 may be incorporated (attached)
onto the crawler system 510 in various manners. In this regard, the legs (primary and/or
secondary) may mainly be attached to the first movement arm 520 and the second movement
arm 530. Additionally, in some instances, one or more legs may be attached to other
components (e.g., the plate 540), such as to provide added stability and/or controllability. In
the example implementation shown in FIG. 5B, only a number (e.g., five) of secondary legs
570 are attached onto the first movement arm 520; whereas a combination of primary legs
560 and secondary legs 570 (e.g., two of each) are attached onto the second movement arm
S30. In addition, a single primary leg 560 1s attached to the plate 540.

The primary legs 560 and/or secondary legs 570 may be configured to provide various
functions that may pertinent to movement of the crawler system 110 and/or securing of the
crawler system 110 onto traversed structures (or, specifically, surfaces of the structures).
Examples function may comprise moving (e.g., rolling), adhering (securing), and/or floating.
These functions may be performed by configuring various elements of the legs (e.g., suction
cups, air cylinders, rolling balls, etc.). Tables 502 and 504 of FIG. SA show possible manners
by which particular {unctions may be performed by primary and secondary legs, respectively.
For example, as shown 1n table 502, for primary legs 560, the functions may comprise moving
tunction (performed by, e.g., deactivation of suction/vacuum and deployment of ball), and
adhering (securing) function (performed by, e.g., application of vacuum and retraction of
ball). For secondary legs S70, as shown 1n table 504, the functions may comprise moving
function (pertormed by, e.g., deactivation of suction/vacuum, deployment of ball, and
activation ot leg floating), fixed adhering (securing) function (performed by, e.g., application
of vacuum, retraction of ball, and deactivation of leg floating), and floating adhering
(securing) function (pertormed by, e.g., application of vacuum, retraction of ball, and
activation of leg floating.

The crawler system 510 may be used to apply assembly related operations at a
plurality of positions. In this regard, in the example use scenario shown in FIG. 5B, the
crawler system 510 may be used to apply fasteners (e.g., by application of drilling and

fastening 1nstallation) at different positions (i.e., install fasteners 1, 2 and 3). An example
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sequence of actions by the crawler system 510 for installing these fasteners may comprise, for
example, starting 1n stage (1), in which the crawler system 510 may be placed over the to-be-
assembled structure, such that the end-effector of the crawler system (not shown, but sitting
on top of the center of the clamper 550) over the position of the first fastener (fastener 1)
while the crawler system 510 is set up to move to the next fastener (fastener 2). In this
regard, initially the crawler system 510 is placed such that the plate 540 (and the thus the
second movement arm 530 and end effector) may be at the out most right position relative to
rail between the first movement arm 530 and the plate 5S40. The balls of all legs (primary legs
560 and secondary legs 570) of the crawler system 510 may initially be retracted and vacuum
cups of all legs may be activated (and tloating of the secondary legs 570 may be deactivated).
This condition provides maximum stabilizing for all crawler system elements (arms, the plate
540, legs), and stabilizes the crawler system firmly on the part surface for drilling/fastening
operation.

As fastener 1 1s being installed, the crawler system 510 may initiate movement to the
position of the next fastener (fastener 2). This may be done in a mannecr that does not affect
the 1nstallation of fastener 1. For example, in stage (2), the first movement arm 520 may
move to 1nitiate movement to the next position. This may be achieved by releasing vacuum
and deploying of balls of all secondary legs S70 of the first movement arm 520 (and, if
necessary, tloating one or more of the secondary legs 570 of the first movement arm 520
during that movement). Meanwhile, all primary legs 560 and secondary legs 570 on the
second movement arm 530 (and the sole primary leg 560 of the plate 540) may maintain

securing functions—e.g., by maintaining vacuum suction and ball retraction (and for any

secondary legs 570, deactivation of floating—e.g., by maintain activation of braking), thus
stabilizing the crawler system during the first movement arm 520 motion.

Next, 1n stage (3), the end effector may be moved from first to second fastener

positions by moving the second movement arm 530. This may be done by first allowing the
secondary legs 570 attached to the first movement arm 520, to float (in the Z direction), such
as by releasing their brakes. However, the balls may be retracted and vacuum cups may be
put under vacuum, thus allowing for stabilizing these secondary legs 570 other directions
(e.g.,1n X & Y directions). The secondary legs 570 on the second movement arm 530 may be

allowed to tloat (in the Z direction), such as by deactivating their brakes, and the legs may be
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configured to allow for movement (e.g., in the XY plane), such as by deactivation vacuum in
their vacuum cups, and deploying their balls. At the same time, the primary legs 560 of the
second movement arm 530 and the plate 540, may be configured to allow for movement (e.g.,
by deactivating vacuum and deploying balls), thus creating condition whereby the triangle
formed by the primary leg 560 triangle can move across compound surface (e.g., driven along
the X-axis crawler system based on the secured the first movement arm 520). During
movement of the second movement arm 530 and the plate 540 (with end effector) across
compound surfaces, the primary leg triangle may change the orientation or normality ot the
crawler system, thus forcing secondary legs to float, which may be accomplished due to (even
very small) Z forces pushing secondary legs 570 against the structure surface.

Next, in stage (4), the first and second movement arms 520 and 530 may be 1n a final
position such that the crawler system may be conditioned in position for processing the next
fastener (fastener 2). In this regard, primary legs 560 may be configured to provide securing
function (e.g., by retracting the balls and activating vacuum), thus gaining a stablc condition
for primary legs 560. Meanwhile, the secondary legs 570 attached to the second movement
arm 530 may be configured for securing function (e.g., by retracting their balls and activating
vacuum), to stabilize these legs as well to the surtace. Also, the floating of all secondary legs
570 (i.e., both those attached to the first movement arm 520 and the ones attached to the
second movement arm 530) may be disabled (e.g., by application/activation of breaking), thus
achieving stable position is the other direction (e.g., Z direction). Accordingly, the crawler
system may now be stabilized in the orientation dictated by primary leg triangle, and in a

stable position for drilling/fastening process.

In stage (5), the crawler system S10 may be in position for processing of the next
fastener (1.e. fastener 3) and/or configured for applying of assembly operation corresponding
to the next fastener (1.e. fastener 3). In this regard, the crawler system 510 may simply move
to the next fastener by sliding the plate 540 (and the second movement arm 520) along the rail
between 1t and the first movement arm 520. One 1n position, all legs (primary and secondary)
may be configured to providing securing function (as described with respect to stage 4), thus
stabilizing the crawler system during drilling/fastening operations.

In some instances, moving to new assembly positions (e.g., next fastener positions)

may require rotating of the crawler system 510. For example, in stage (6), crawler system
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orientation may be adjusted (i.e., course of movement changed) by rotating the first
movement arm 520. In this regard, the second movement arm 530 may be stabilized to the
surface using both the primary legs 560 (e.g., with balls retracted, and vacuum on) and the
secondary legs 570 (e.g., with balls retracted, vacuum on, and floating disabled—by
activation of braking), while the first movement arm 520 is configured to move—e.g., by
configuring its secondary legs 570 for movement (e.g., balls deployed, vacuum off, breaks
deactivated), thus allowing for rotating of the first movement arm 520—e.g., driven by a
rotation actuator. Furthermorc, during rotation across compound surfaces, the crawler system
orientation may again be dictated by the primary leg triangle configuration, with the
secondary legs 570 (on the first movement arm 520) allowing for accommodation of the
surface variation—e.g., by allowing for floating (in Z direction). Once the rotation 1s tinished,
all (1.e. on all primary legs 560 and secondary legs 570) of the crawler system are configured
to provide securing function (e.g., balls are retracted, vacuum 1s applied, and for secondary
legs 570, floating deactivated—e.g., by activating braking) to gain stable configuration for all
elements of the crawler system to proceed with drilling/fastening operation (at the next
position).

FIG. 6 illustrates placement of an example autonomous crawling assembly system.,
which utilizes primary and secondary multifunction legs, on a curved structure. Referring to
FIG. 6, there 1s shown a crawler, such as a crawler system 600.

The crawler system 600 may comprise a portable, automated motorized device which
may be configured for performing particular operations on a physical structure (e.g., aircraft
or component thereot), such as assembling rclated operations, and to do so while moving on
the structure. The crawler system 600 may be substantially similar to the crawler system 510,
as described with respect to FIGs. SA and SB for example. The crawler system 600 may
comprise various components that may be configured to support or enable various operations
or functions pertinent to the use of the crawler system 600 (e.g., in assembling operation). In
particular, the crawler system 600 may comprise a plurality of multifunction movement
components (or legs), which may be attached to the crawler system 600 (or components
thereof—e.g., movement arms or assemblies).

For example, the crawler system 600 may incorporate two types of legs: primary legs

620 and secondary legs 630, for providing movement and/or securing related functions. In
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this regard, each primary leg 620 may be similar to the primary leg 200, as described with
respect to FIG. 2; whereas each secondary leg 630 may be similar to the secondary leg 300 or
the secondary leg 400, as described with respect to FIGs. 3 and 4, respectively. The primary
legs 620 and/or secondary legs 630 may be incorporated (attached) onto the crawler system
600 in various manners. For example, in some instances, combination of the two types of the
legs may be attached to single assembly (e.g., a movement arm). For example, as shown in
FIG. 6, in some instances, a movement assembly may comprise a number of primary legs 620
and secondary legs 630 (e.g., two of each, as shown in FIG. 6) that are attached to a single
attachment (holding) plate 610.

In an example use scenario, use of the different types of legs—particularly, the
secondary legs 630, which may be allow for floating—may allow placement (and movement)
of the crawler system 600 in a manner that may allow for accounting for the variations in a
structural surface (e.g., in the case of compound surfaces). In this regard, to allow for
accounting for the details of the traversed surface, and because the primary legs 610 maintain
fixed position relative to the system platform, secondary legs 630 may be configured to adjust
their positions. In this regard, when the primary and secondary legs 620 and 630 are
configured to provide the moving function, the balls of both the primary and secondary legs
620 and 630 may be deployed and the suction cup vacuum within both the primary and
secondary legs 620 and 630 may be deactivated (1.e. turned off). Further, when the crawler
system 600 1s 1nitially placed on the structure, the secondary legs 630 may be configured to
allow for floating (e.g., in Z direction), such as by deactivating their braking mechanism (and,
also, for secondary legs utilizing secondary air cylinders, by injecting air to allow for pushing
of secondary pistons). Once the crawler system 600 adjusts to the counters on the compound
surfaces, the tloating of the secondary legs 630 may be deactivated (e.g., by activating their
braking mechanisms). Similarly, the secondary legs 630 may be configured to allow for
tfloating during movement, to ensure that all legs maintain contact with the surface even when

traversing a compound region.

FIG. 7 1illustrates use of an example autonomous crawling assembly system, which

Incorporates primary and secondary multifunction legs and support orientation adjustment.

Referring to FIG. 7, there 1s shown a crawler, such as a crawler system 700.
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The crawler system 700 may comprise a portable, automated motorized device which
may be configured for performing particular operations on a structural surtace of a physical
structure (e.g., aircraft or component thereof), such as assembling related operations, and to
do so while moving on the structure. The crawler system 700 may be substantially similar to
the crawler system 110, as described with respect to FIG. 1 for example. In this regard, as
with the crawler system 110, the crawler system 700 may comprise various components that
may be configured to support or enable various operations or functions pertinent to the use ot
the crawler system 700 (e.g., 1n assembling operation). In particular, the crawler system 700
may comprise a plurality of multifunction movement components (or legs), which may be
attached to the crawler system 700 (or components thereof-—e.g., movement arms, holder
plates, etc.).

In addition, however, the crawler system 700 may be particularly configured to allow
for orientation adjustment (e.g., to accommodate curved sections of traversed surfaces). For
example, the crawler system 700 may comprise a multifunction end-ettector 720, which may
be substantially similar to the multifunction end-ettector 120 of the crawler system 110 (1.¢.,
being configurable to perform assembling related operation). The multifunction end-etfector
720 may additionally comprise, however, a normality sensor 750, which may be utilized 1n
determining the detail of the surface and/or orientation of the end-eftector. This may allow
adjusting the clamping of the multifunction end-effector 720 (e.g., via a nozzle 752 and
electromagnet 754) to ensure that any assembling operation (e.g., tastening) is adjusted for
variation 1n the orientation of the system—i.e., applied vertically even where the system is

tilted as result of the curvature of the surface.
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In some 1nstances, the movement legs may also incorporate additional elements for
use in providing orientation adjustment. For example, the crawler system 700 may comprise
primary legs 730, which may be substantially to the primary leg 200, as described with
respect to FIG. 2, and may function in similar manner. In addition, however, the primary legs
730 may incorporate an orlentation adjustment component, comprising, for example, a guide
740, which may be attached to an attachment plate 710 (which normally primary legs would
be affixed to directly). Accordingly, the part of the primary leg 730 that correspond to the
normal leg (e.g. primary leg 200) would be held within the guide 740. To provide the
necessary orientation adjustment, a wedge 744 may be driven, via a motor 742, into space
within the guide 740, between the top inside surface of the guide 740 and the top of the
remaining part of the primary leg 730 (as shown in FIG. 7). In this regard, the space may be
of varying distance—i.e., the more the orientation adjustment (needed) the more the wedge
744 1s driven.

F1G. 8 15 a flow chart that illustrates movement of an autonomous crawling assembly
system that incorporates primary and secondary multifunction legs, during assembly of

structure (e.g., aircraft component). Referring to FIG. 8, there 1s shown a flow chart 800,
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comprising a plurality of example steps, which may be performed by an automated motorized
assembly device (e.g., the crawler system 310), during application of assembly related
operations at plurality of positions (and movement between the positions).

In step 802, the crawler system may be placed onto a surface of a structure (e.g., the
wing 100 of FIG. 1), to apply assembly related functions at plurality of positions—e.g.,
install a plurality of fasteners. In step 804, the crawler system may adhere to the surface. For
example, with reference to the crawler system 310 of FIG. §, the adhering may be achieved
by retract rolling elements (balls) and activating vacuum on all primary leg(s) 560 and
secondary leg(s) §70, to enable creation of seal between the legs and the surface; and also, for
the secondary leg(s) 570, activating brakes, to disable floating thereby. In step 806, it may be
determined whether all adhering related actions (e.g., as described with respect to step 804)
have been executed, and in instances where all actions are executed, the process may proceed
to step 808.

In step 808, the assembling related operations may be performed. For example, for
fastener installation, the assembling related operations may comprise drilling and insertion of
fasteners. The assembling related operations may be preconfigured (and/or preprogrammed),
or alternatively may be determined dynamically (real-time) by the crawler system. In step
810, it may be determined whether all assembling related operations (e.g., as described with
respect to step 808) have been executed (e.g., whether fastener is installed), and in instances

where all actions are executed, the process may proceed to step 812.

In step 812, the crawler system may initiate movement to the next position (e.g.,
position of second fastener). In this regard, initiating the movement may comprise
deactivating adhering function and/or activating moving (rolling) function of the lcg(s) of one
of the movement arms. This may comprise, for example, deploying rolling elements (balls)
and activating vacuum on all primary leg(s) 560 and secondary leg(s) 570, to enable breaking
of any seal between the legs and the surface and/or to allow movement (rolling) over the
surface; and also, for the secondary leg(s) 570, deactivating brakes, to enable floating
thereby. In step 814, it may be determined whether all movement initiation related actions

(e.g., as described with respect to step 812) have been executed, and in instances where all
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actions are executed, the process may proceed to step 816. In step 816, one of the movement
arms (e.g., the first movement arm 520) may be driven to the next position. This may
comprise, for example, sliding the first movement arm 320 and the plate 540 (e.g., using the
rail between the plate 540 and the second movement arm S30). In step 818, it may be
determined whether movement of the movement arm (the first movement arm 3520) 1s
complete—i.e., it is in (next) position, and in instances where it is determined that the
movement arm 1s in the next position, the process may proceed to step 820.

In step 820, one of the movement arms may be configured to apply (via its
multifunction legs) adhering function while the other movement arm may be configured to
further movement. For example, the adhering may be applied by the first movement arm 520
while the second movement arm 530 is configured to enable rolling over the surface. In this
regard, adhering may be applied by the first movement arm 520 by, for example, retracting
rolling elements (balls) and activating vacuum on all legs, to enable creation of seal between
the legs and the surface; and also, for any secondary legs, activating brakes, to disable
floating thereby. On the other hand, configuring the second movement arm 530 for rolling
may comprise, for example, deploying rolling elements (balls) and deactivating vacuum in all
legs, to enable moving (e.g., by rolling) over the surface and breaking of any seal between the
legs and the surface; and also, for any secondary legs, deactivating the brakes, to enable
floating thereby. In step 822, it may be determined whether all adhering related actions (e.g.,
as described with respect to step 804) have been executed, and 1n instances where all actions
are executed, the process may proceed to step 824.

In step 824, the second movement arm S30 may be driven to the next position. This
may comprise, for example, sliding the second movement arm 530 (e.g., using the ralil
between the plate 540 and the second movement arm 530). In step 826, 1t may be determined
whether movement of the second movement arm 3530 i1s complete—i.e., 1t 1s In (next)
position, and in instances where it 1s determined that the movement arm i1s in the next
position, the process may proceed to step 828.

In step 828, the second movement arm 530 may be configured to adhere to the

surface. For example, the adhering may be achieved by retracting rolling elements (balls)
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and activating vacuum on all legs, to enable creation of seal between the legs and the surface;
and also, for any secondary legs, activating brakes, to disable floating thereby. In step 830, it
may be determined whether all adhering related actions (e.g., as described with respect to
step 828) have been executed, and in instances where all actions are executed, the process
may proceed to step 832.

In step 832, the assembling related operations may be performed at the next position
(e.g., applying drilling/fastener insertion at position of second fastener). In step 834, it may
be determined whether all assembling related operations (e.g., as described with respect to
step 832) have been executed (e.g., whether the second fastener is installed), and 1n instances
where all actions are executed, the process may proceed to step 836. In step 836, the crawler
system may initiate movement to the next position (e.g., third fastener), and so forth.

FIG. 9 1s a flow chart that illustrates turning of an autonomous crawling assembly
system that incorporates primary and secondary multifunction legs, during assembly of
structure (e.g., aircraft component). Referring to FIG. 9, there is shown a flow chart 900,
comprising a plurality of example steps, which may be performed by an automated motorized
assembly device (e.g., the crawler system 510), to facilitate turning (rotating) of the device.

In step 902, particular actions may be performed by various movement components
(e.g., primary and secondary movement components), to initiate the turning. For example,
with reference to the crawler system 510 of FIG. 5, the actions may comprise, for the primary
leg 560 of the plate 540 deactivating vacuum (to allow breaking any seal) and deploying
rolling element (ball), to allow movement. For the first movement arm 520 (incorporating
only secondary legs §70), vacuum may be deactivated (to allow breaking any seal), rolling
element (ball) may be deployed (to allow movement), and brakes may be released (to allow
floating). For the second movement arm S30 (incorporating both primary leg(s) 560 and
sccondary Icg(s) 570), the actions may comprise, for the primary leg(s) 560, retracting rolling
element (ball) and activating vacuum, to enable applying seal; whereas the actions for the

secondary leg(s) §70 may comprise retracting rolling element (ball) and activating vacuum,

to enable applying seal, and activating brakes, to disable floating. In other words, the actions
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performed may allow movement of the adhering of the second movement arm 530, and
movement of the first movement arm 520 and the plate 560.

In step 904, 1t may be determined whether all actions (corresponding to step 902)
where performed. In instances where it is determined that all actions all complete, the
process may proceed to step 906. In step 906, rotation may be initiated. For example, a
rotation actuator may be utilized to allow rotating of the first movement arm 520 (and the
plate 540). In step 908, it may be determined whether (or not) the moving arm (e.g., the first
movement arm 520) has rotated into position. In instances where it is determined that the
moving arm has rotated into position, the process may proceed to step 910. In step 910, the
moving arm may be configured to adhere to the surface of the assembled structure. For
example, once the first movement arm 520 has rotated into position, the rolling element (ball)
of its secondary legs 570 may be retracted and vacuum may be activated, to enable applying
seal, with the brakes also being activated, to disable floating. In step 912, it may be
determined whether all the necessary (adhering related) actions have been executed; and in
instances where all the actions are executed, the process may proceed to step 914, where
assembly related operations (e.g., drilling, fastening/fastener insertion, etc.) may be
performed.

Other embodiments may provide a non-transitory computer rcadable medium and/or
storage medium, and/or a non-transitory machine readable medium and/or storage medium,

having stored thereon, a machine code and/or a computer program having at least one code

section executable by a machine and/or a computer, thereby causing the machine and/or
computer to perform the steps as described herein for multifunction legs for autonomous
crawling assembly equipment.

Accordingly, the presently disclosed embodiments may be realized in hardware,
software, or a combination of hardware and software. The present embodiments may be
realized 1n a centralized fashion in at least one computer system, or in a distributed fashion
where different elements are spread across several interconnected computer systems. Any
kind of computer system or other system adapted for carrying out the methods described

herein 1s suited. A typical combination of hardware and software may be a general-purpose
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computer system with a computer program that, when being loaded and executed, controls

the computer system such that it carries out the methods described herein.

The presently disclosed embodiments may also be embedded in a computer program

product, which comprises all the features enabling the implementation of the methods
described herein, and which when loaded in a computer system is able to carry out these
methods. Computer program in the present context means any expression, in any language,
code or notation, of a set of instructions intended to cause a system having an information
processing capability to perform a particular function either directly or after either or both of
the following: a) conversion to another language, code or notation; b) reproduction in a

different material form.

[llustrative, non-exclusive examples of inventive subject matter according to the

present disclosure are described in the clauses A1-C23, below:

Al. An apparatus, comprising:
an automated motorized device 110 operable to move on a structure 104 for use in
assembling of the structure, the automated motorized device comprising:

an end effector 120 configured to perform a plurality of assembling related functions;

and

a plurality of multifunction movement components 170, 180 that are attached to at
least a first movement assembly 140 and a second movement assembly 150;

wherein:

each multitunction movement component 170, 180 performs at least an adhering
function and a moving function;

each multifunction movement component comprises 170, 180 a scaling element 232,
332 for use in performing the adhering function, the sealing element being
configurable to create a seal around a chamber 250, 350, defined by the sealing
clement, when the sealing element is in contact with a surface, by application of
pneumatic suction into the chamber, thus urging a corresponding multifunction

movement component onto the surface; and
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each multifunction movement component 170, 180 comprises a rolling element 240,
340 for use in performing the moving function, the rolling element being configurable
to move on a surface when 1n contact with the surface, the rolling element becoming
in contact with the surface by deploying the rolling element such that any seal by the
sealing element 232, 332 is prevented or broken.

A2. The apparatus of clause Al, wherein three of the plurality of multifunction
movement components 170, S60 are configured to form a triangle for maintaining
contact with the structure 104, including when traversing compound surfaces.

A3. The apparatus of any of clauscs A1-A2, wherein the rolling element 240, 340 is
operatively attached to a piston 222, 322 that is configured to dispose within a
secondary chamber 220, 320; and

the piston 222, 322 is controlled to retract when a seal around the chamber is desired
250, 350, and to extend to deploy the rolling element 240, 340 when the seal is not
desired or movement is desired.

A4. The apparatus of clause A3, wherein the piston 222, 322 is controlled
pneumatically.

AS.  The apparatus of any of clauses A1-A4, wherein at least one of the plurality of
multifunction movement components 170, 180 comprises a biasing element 362, 462,
the biasing element being configured to allow adjusting positioning of the
corresponding multifunction movement component in one or both of vertical and

horizontal directions.

A6. The apparatus of clause AS, wherein the biasing element 362, 462 operates
pneumatically or based on spring-loading.

A7.  The apparatus ot any of clauses A1-A6, wherein at least one of the plurality of
multifunction movement components 170, 180 comprises an orientation element 744,
the orientation element being configured to allow adjustment of one or both of
orientation and normality, of one or both of a corresponding movement component

and at least a component of the automated motorized device 110 connected to the

corresponding movement component,
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A8. The apparatus of any of clauses A1-A7, wherein during movement of the
automated motorized device 110, one of the first and second movement assemblies
140, 150 1s secured to the structure while the other one of the first and second
movement assemblies moves over the structure.

A9. The apparatus of any of clauses A1-A8, wherein the first movement assembly
140 and the second movement assembly 150 are configured to adjust a course of
movement of the automated motorized device 110 during operation of the automated
motorized device.

A10. The apparatus of any of clauses A1-A9, wherein that automated motorized
device 110 comprise a pivoting component 132 that is connected concentrically to the
end effector 120 and to at least one of the first movement assembly and the second
movement assembly, the pivoting component being operable to:

rotate the end effector 120 and the at least one of the first movement assembly 140
and the second movement assembly 150, during adjusting of course of movement of
the automated motorized device 110, while the other one of the first movement
assembly and the second movement assembly secures the automated motorized device
to the structure 104.

All. The apparatus of clause 10, wherein adjusting the course of movement of the
automated motorized device 110 comprises rotating via the pivoting component 132
the other one of the first movement assembly 140 and the second movement assembly
150 onto the adjusted course of movement while at least one of the first movement
assembly and the second movement assembly secures the automated motorized device
to the structure.

B12. An apparatus, comprising:

a movement component 170, 180 for use in automated motorized assembly systems
110, the movement component comprising:

a sealing element 232, 332 configurable to create a seal around a chamber 250, 350,

defined by the sealing element, when the sealing element is in contact with a surface,
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by application of pneumatic suction into the chamber, thus urging a corresponding
movement component 170, 180 onto the surface;

a rolling element 240, 340 configured to move on a surface when the rolling element
1s in contact with the surface, the rolling element becoming in contact with the surface
by deploying the rolling element such that any seal by the sealing clement 232, 332 is
prevented or broken; and

a piston 222, 322 that is configured to dispose within a secondary chamber 220, 320,
wherein:

the piston 222, 322 is operatively attached to the rolling element 240, 340, and

the piston 222, 322 is controlled to retract when a seal around the chamber 250, 350 is
desired, and to extend to deploy the rolling element 240, 340 when the seal is not
desired or movement is desired.

B13. The apparatus of clause B12, wherein the movement component 170, 180
comprises a biasing element 362, 462 operable to allow adjusting positioning of the
movement component in one or both of vertical and horizontal directions.

B14. The apparatus of clause B13, wherein the biasing element 362, 462 is operated
pneumatically or based on spring-loading.

B15. The apparatus of any of clauses B12-B14, wherein the movement component
170, 180 comprises an orientation element 744 operable to allow adjustment of one or
both of orientation and normality, of one or both of the movement component and a
component connected to the movement component

B16. The apparatus of clause B15, wherein the orientation element 744 comprises a
motorized wedging element 742, 744.

B17. 'The apparatus of any of clauses B12-B16, wherein thec movement component
170, 180 comprises a braking element 380, 480 operable to maintain a position of the
movement component, or at Jeast one element of the movement component.

B18. The apparatus of any of clauses B12-B17, wherein the movement component

170, 180 comprises a venting element 234, 334 operable to release a seal created by
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the sealing element 232, 332, to allow moving the sealing element away from the
surface.

C19. A method, comprising:

positioning 802 an end effector 120 of an automated motorized device 110 that is
operable to move on a structure 104 for usc in assembling of the structure, at each of a
plurality of predetermined locations of the structure, wherein the end effector is
configured to apply one or more of a plurality of assembling related functions at each
of the plurality of predetermined locations; and

moving 812 the automated motorized device 110 to each of the plurality of
predetermined locations by use of a plurality of primary multifunction movement
components 170 and a plurality of secondary multifunction movement components
180, wherein:

plurality of primary multifunction movement components 170 and a plurality of
secondary multifunction movement components 180 arc attached to at least to a first
movement assembly 140 and a second movement assembly 150 of the automated
motorized device 110; and

moving the automated motorized device 110 compriscs securing one of the first
movement assembly 140 and the second movement assembly 150 to the structure 104
while the other one of the first movement assembly and the second movement
assembly moves over the structure; and

wherein, for each movement component 170, 180, corresponding to one of the
plurality of primary multifunction movement component 170 or one of the plurality of
secondary multifunction movement component 180:

functions of the movement component 170 ,180 comprise at least adhering and
rolling;

the adhering is performed using a sealing element 232, 332 that is configurable to
create a seal around a chamber 250, 350, defined by the sealing element, when the
sealing element 1s contact with a surface, by application of pneumatic suction into the

chamber, thus urging the movement component 170, 180 onto the surface; and
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the rolling is performed using a rolling element 240, 340 that is configurable to move
on a surface when the rolling element is in contact with the surface, the rolling
element becoming in contact with the surface by deploying the rolling element such
that any seal by the sealing element 232, 332 is prevented or broken.

C20. The method of clause C19, wherein the structure 104 1s an aircraft component.
C21. The method of clause C20, wherein the aircraft component comprises a
fuselage, a wing, or a section thereof.

(C22. The method of any of clauses C19-C21, comprising forming using threc of the
plurality of primary multifunction movement components 170, 560 a triangle that 1s
configurable to maintain contact with the structure 104, including when traversing
compound surfaces.

C23. The method of any of clauses C19-C22, comprising deploying the rolling
element 240, 340 using a piston 222, 362 that is operatively attached to the rolling
clement, the piston being configured to dispose within a secondary chamber 220, 360
and

the piston 222, 362 is controlled to retract when a seal around the chamber 250, 350 1s
desired, and to extend to deploy the rolling clement 240, 340 when the seal 1s not
desired or movement is desired.

C24. The method of any of clauses C19-C23, comprising adjusting a course of

movement of the automated motorized device 110, during operation of the automated

motorized device, using the first movement assembly 140 and the second movement
assembly 150.

C25. The method of clause C24, wherein adjusting the course of movement of the
automated motorized dcvice 110 comprises rotating via a pivoting component 132, the
end effector 120 and the at least one of the first movement assembly 140 and the
second movement assembly 150 while the other one of the first movement assembly

and the second movement assembly secures the automated motorized device to the

structure 104.
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C26. Thc mcthod of clause C25, wherein adjusting the course of movement of the
automated motorized device 110 comprises rotating via the pivoting component 132,

the other one of the first movement assembly 140 and the second movement assembly
150 onto the adjusted course of movement, while the at least one of the first
movement assembly and the second movement assembly secures the automated

motorized device to the structure 104.

While described with reference to certain embodiments, it will be understood by those
skilled in the art that various changes may be made and equivalents may be substituted

without departing from the scope of the presently described embodiments. In addition, many
modifications may be made to adapt a particular situation or material to the teachings without
departing trom 1ts scope. Therefore, it is intended that the presently disclosed embodiments

not be limited to the particular embodiment disclosed, but rather will include all embodiments

falling within the scope of the appended claims.
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EMBODIMENTS IN WHICH AN EXCLUSIVE PROPERTY OR PRIVILEGE IS
CLAIMED ARE DEFINED AS FOLLOWS:

1. An apparatus, comprising:

an automated motorized device operable to move on a structure for use in

assembling of the structure, the automated motorized device comprising:

an end eftector configured to perform a plurality of assembling related

10 functions; and

a plurality of multifunction movement components that are attached to at

least a first movement assembly and a second movement assembly wherein:

15 the first movement assembly and the second movement assembly are
each configured to adhere to the structure with a corresponding group
of the plurality of multifunction movement components while the
other of the first movement assembly and the second movement
assembly moves relative to the structure;

20
cach multifunction movement component performs at least an

adhering function and a moving function;

cach multifunction movement component comprises a sealing
25 element for use in performing the adhering function, the sealing
clement being configurable to create a seal around a chamber detined
by the sealing element, when the sealing element is in contact with a
surface, by application of pneumatic suction in the chamber, thus
urging a corresponding multifunction movement component onto the

30 surface; and
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each multifunction movement component comprises a rolling element
for use in performing the moving function, the rolling element being
disposed with the chamber defined by the sealing element and being
S configurable to move on the surface when in contact with the surface
and the rolling element becoming in contact with the surface by
deploying the rolling element such that any seal by the sealing

element 1s prevented or broken.

10 2. The apparatus of claim 1, wherein the other of the first movement assembly and the

second movement assembly translates alongside and parallel relative to the adhered

one of the first movement assembly and the second movement assembly.

3. The apparatus of claim 1 or 2, wherein three of the plurality of multifunction
15 movement components are configured to form a triangle for maintaining contact with

the structure, including when traversing compound surtaces.

4. The apparatus of any one of claims 1-3, wherein the rolling element is operatively

attached to a piston that 1s configured to dispose within a secondary chamber; and

20
the piston 1s controlled to:
retract to establish the seal around the chamber; and
25 extend to deploy the rolling element to break the seal around the chamber.
5.  The apparatus of claim 4, wherein the piston 1s controlled pneumatically.
6. The apparatus of any one of claims 1-5, wherein at least one of the plurality ot
30 multifunction movement components comprises a biasing element, the biasing element
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being configured to allow adjusting positioning of the corresponding multifunction

movement component 1n one or both of vertical and horizontal directions.

The apparatus of claim 6, wherein the biasing element operates pneumatically or based

on spring-loading.

The apparatus of any one of claims 1-7, wherein at least one of the plurality of
multifunction movement components comprises an orientation element, the orientation
clement being configured to allow adjustment of one or both of orientation and
normality, of one or both of a corresponding movement component and at least a
component of the automated motorized device connected to the corresponding

movement component.

The apparatus of any one of claims 1-8, wherein the first movement assembly and the
second movement assembly are configured to adjust a course of movement of the

automated motorized device during operation of the automated motorized device.

The apparatus of any one of claims 1-8, wherein the automated motorized device
further comprises a pivoting component that 1s connected concentrically to the end
eftector and connected to one of the first movement assembly and the second

movement assembly, the pivoting component being operable to:

rotate the end effector and the one of the first movement assembly and the
second movement assembly, during adjusting of a course of movement of the
automated motorized device, while the other one of the first movement assembly
and the second movement assembly secures the automated motorized device to

the structure.

The apparatus of claim 10, wherein the pivoting component 1s further operable to adjust

the course of movement of the automated motorized device by rotating, via the pivoting
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12.

13.

14.

component, the other one of the first movement assembly and the second movement
assembly onto an adjusted course of movement while the one of the first movement
assembly and the second movement assembly secures the automated motorized device

to the structure.

The apparatus of any one of claims 1-11, wherein the rolling element 1s at least

partially positioned within the chamber and deploys through the chamber.

The apparatus of any one of claims 1-12, wherein the rolling element 1s disposed within

the chamber defined by the sealing element.

An apparatus comprising:

a plurality of multiftunction movement components for use n automated
motorized assembly systems, the plurality of multifunction movement
components arranged on a first movement assembly and a second movement
assembly, each of the first movement assembly and the second movement
assembly configured to adhere to a surface with a corresponding group of the
plurality of multifunction movement components while the other of the first
movement assembly and the second movement assembly moves relative to the

surtace, each multitunction movement component comprising:

a sealing element configurable to create a seal around a chamber, detined
by the sealing element, when the sealing element i1s in contact with the

surface, by application of pneumatic suction in the chamber, thus urging a

corresponding multifunction movement component onto the surface;

a rolling element comprising a ball configured to:

4?2

CA 2853847 2018-03-07




move on the surface when the rolling element i1s 1n contact with the
surface, the rolling element becoming in contact with the surface by
deploying the rolling element such that any seal by the sealing

element 1s prevented or broken; and

a piston that 1s configured to be disposed within a secondary chamber,

wherein:

the piston is operatively attached to the rolling element; and
10

the piston 1s controlled to:

retract to establish the seal around the chamber; and

15 extend to deploy the rolling element to break the seal from

around the chamber.

15. The apparatus of clam 14, wherein one of the first movement assembly and the second
movement assembly is configured to translate alongside and parallel relative to the

20 other of the first movement assembly and the second movement assembly in a linear
adjustment and wherein one of the first movement assembly and the second movement

assembly 1s configured to pivot relative to the other of the first movement assembly and

the second movement assembly about an axis perpendicular to the surface in a

rotational position adjustment.

25
16. The apparatus of claim 14 or 15, wherein the each multifunction movement component
further comprises a biasing element operable to allow adjusting positioning ot the each
multifunction movement component in one or both of vertical and horizontal

directions.

30
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17.

18.

19.

20).

21.

22,

23.

The apparatus of claim 16, wherein the biasing element is operated pneumatically or

based on spring-loading.

The apparatus of any one of claims 14-17, wherein the each multifunction movement
component further comprises an orientation element operable to allow adjustment of
one or both of orientation and normality, of one or both of the each multifunction
movement component and a component connected to the each multifunction movement

component.

The apparatus of claim 18, wherein the orientation element comprises a motorized

wedging element.

The apparatus of any one of claims 14-19, wherein the each multifunction movement
component further comprises a braking element operable to maintain a position of the
each multifunction movement component, or at least one element of the each

multifunction movement component.

The apparatus of any one of claims 14-20, wherein the each multifunction movement
component further comprises a venting element operable to release a seal created by

the sealing element, to allow moving the sealing element away from the surtace.

The apparatus of any one of claims 14-21, wherein the rolling element 1s configured to

be disposed within the chamber defined by the sealing element.

A method, comprising:

positioning an end effector of an automated motorized device that 1s operable to
move on a structure for use in assembling of the structure, at each of a plurality of

predetermined locations of the structure, wherein the end effector 1s configured to
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apply one or more of a plurality of assembling related functions at each of the

plurality of predetermined locations; and

moving the automated motorized device to each of the plurality of predetermined
locations by use of a plurality of primary multifunction movement components

and a plurality of secondary multifunction movement components, wherein:

the plurality of primary multifunction movement components and the
plurality of secondary multifunction movement components are attached to
at least a first movement assembly and a second movement assembly of the

automated motorized device;

moving the automated motorized device comprises securing one of the first
movement assembly and the second movement assembly to the structure
while the other one of the first movement assembly and the second

movement assembly moves over the structure; and

wherein, for each movement component, corresponding to one of the plurality of
primary multifunction movement components or one of the plurality of secondary
multifunction movement components, tunctions of the movement component

comprise at least adhering and rolling, wherein:

the adhering 1s performed using a sealing element that is configurable to
create a seal around a chamber, defined by the sealing element, when the
sealing element i1s contact with a surface, by application of pneumatic
suction 1n the chamber, thus urging the movement component onto the

surface: and

the rolling is performed using a rolling element comprising a ball that 1s:
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24.

25.

26.

27.

28.

29.

configurable to move on the surface when the rolling element 1s 1n
contact with the surface, the rolling element becoming in contact with
the surface by deploying the rolling element such that any seal by the

sealing element is prevented or broken.

The method of claim 23, wherein the structure is an aircraft component.
The method of claim 24, wherein the aircraft component comprises a fuselage, a wing,

or a section thereof.

The method of any one of claims 23-25, further comprising forming, using three of the
plurality of primary multifunction movement components, a triangle that 1s
configurable to maintain contact with the structure, including when traversing

compound surfaces.

The method of any one of claims 23-26, wherein the rolling element is deployable

using a piston that is operatively attached to the rolling element, wherein:

the piston is configured to be disposed within a secondary chamber; and

the piston is controlled to retract to establish the seal around the chamber and to

extend to deploy the rolling element to break the seal around the chamber.

The method of any one of claims 23-27, further comprising adjusting a course of
movement of the automated motorized device, during operation of the automated
motorized device, using the first movement assembly and the second movement

assembly

The method of claim 28, wherein adjusting the course of movement of the automated

motorized device comprises rotating, via a pivoting component, the end etfector and
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one of the first movement assembly and the second movement assembly while the
other one of the first movement assembly and the second movement assembly secures

the automated motorized device to the structure.

30. The method of claim 29, wherein adjusting the course of movement of the automated
motorized device comprises rotating, via the pivoting component, the other one of the
first movement assembly and the second movement assembly onto an adjusted course
of movement, while the one of the first movement assembly and the second movement

assembly secures the automated motorized device to the structure.

31. The method of any one of claims 23-30, wherein the rolling element is at least partially

positioned within the chamber and deploys through the chamber.

4’7
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