SYSTEM AND METHOD FOR CONTROLLING A ROBOTIC ARM

FIELD
[0001] The present subject matter relates generally to a system and method for

controlling a robotic arm through an environment.

BACKGROUND
[0002] At least certain gas turbine engines include, in serial flow arrangement, a
compressor section including a low pressure compressor and a high-pressure
compressor for compressing air flowing through the engine, a combustor for mixing
fuel with the compressed air such that the mixture may be ignited, and a turbine
section including a high pressure turbine and a low pressure turbine for providing
power to the compressor section.
[0003] Throughout the life of the gas turbine engine, it generally becomes
necessary to inspect and/or repair one or more components of the gas turbine engine.
Traditionally, the gas turbine engine must be uninstalled from a wing of an aircraft
with which it is utilized and/or disassembled to expose the part needing inspection
and/or repair. However, such may be a relatively costly and time consuming process.
[0004] Accordingly, robotic arms, may be used to inspect and/or repair certain
components within the gas turbine engine without necessitating an un-installation or
disassembly of the gas turbine engine. Traditionally, these robotic arms determine the
path along which it travels incrementally as it passes through an environment, such as
the gas turbine engine. However, the inventors of the present disclosure have
discovered that such a control methodology may result in a difficulty in achieving
certain task-based processes. Accordingly, an improved method for controlling a

robotic arm would be useful.

BRIEF DESCRIPTION
[0005] Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned

through practice of the invention.



[0006] In one exemplary aspect of the present disclosure a method for controlling
a robotic arm assembly through an environment is provided. The robotic arm
assembly includes a robotic arm, a base, and a utility member, the robotic arm
extending between a root end attached to the base and a distal end including the utility
member. The method includes: determining a position of the base, the root end, or
both relative to the environment; determining a task position and orientation for the
utility member within the environment; determining a three-dimensional constraint of
the environment; and determining a path for the robotic arm through the environment
based on each of the position of the base, the root end, or both relative to the
environment, the task position and orientation for the utility member within the
environment, and the three-dimensional constraint of the environment.

[0007] In certain exemplary aspects the method further includes directing the
robotic arm through the environment along the path determined for the robotic arm
through the environment.

[0008] For example, in certain exemplary aspects directing the robotic arm
through the environment along the path determined for the robotic arm includes
directing the robotic arm through the environment along the path using a tip following
sequence.

[0009] In certain exemplary aspects the environment is a gas turbine engine, and
wherein determining the three-dimensional constraint of the environment includes
determining the three-dimensional constraint the environment using a three-
dimensional electronic representation or model of the gas turbine engine.

[0010] In certain exemplary aspects the method further includes determining a set
of operability limitations of the robotic arm, and wherein determining the path for the
robotic arm through the environment includes determining the path for the robotic
arm through the environment further based on the set of operability limitations of the
robotic arm.

[0011] For example, in certain exemplary aspects determining the set of
operability limitations of the robotic arm includes determining a set of joint
limitations of the robotic arm, a set of geometric limitations for a plurality of

segments of the robotic arm, or both.



[0012] In certain exemplary aspects the determined task position and orientation
for the utility member is a first task position and orientation for the utility member,
wherein the path for the robotic arm through the environment is a first path for the
robotic arm through the environment. With such an exemplary aspect, the method
may further include determining a second task position and orientation for the utility
member within the environment; and determining a second path for the robotic arm
through the environment based on each of the position of the base, the root end, or
both relative to the environment, the second task position and orientation for the
utility member within the environment, and the three-dimensional constraint of the
environment.

[0013] For example, in certain exemplary aspects, the method may further include
determining a transitional movement of the robotic arm from the first path to the
second path.

[0014] For example, in certain exemplary aspects determining the transitional
movement of the robotic arm from the first path to the second path includes
interpolating one or more transitional paths between the first path and the second path.
[0015] For example, in certain exemplary aspects the first task position and
orientation for utility member within the environment is a starting point of a task, and
wherein the second task position and orientation for the utility member within the
environment is an ending point of the task.

[0016] In certain exemplary aspects the path for the robotic arm through the
environment includes a plurality of sequential vectors for the robotic arm to follow.
[0017] In another exemplary aspect of the present disclosure, a computer
implemented method for controlling a robotic arm assembly through a gas turbine
engine is provided. The robotic arm assembly includes a robotic arm, a base, and a
utility member, the robotic arm extending between a root end attached to the base and
a distal end including the utility member. The method includes: determining, by one
or more computing devices, a position of the base, the root end, or both relative to the
gas turbine engine; determining, by the one or more computing devices, a task
position and orientation for the utility member within the gas turbine engine;
determining, by the one or more computing devices, a three-dimensional constraint of

the gas turbine engine; and determining, by the one or more computing devices, a path



for the robotic arm through the gas turbine engine based on each of the position of the
base, the root end, or both relative to the gas turbine engine, the task position and
orientation for the utility member within the gas turbine engine, and the three-
dimensional constraint of the gas turbine engine.

[0018] In certain exemplary aspects, the method may further include directing, by
the one or more computing devices, the robotic arm through the gas turbine engine
along the path determined for the robotic arm through the gas turbine engine.

[0019] In certain exemplary aspects determining, by the one or more computing
devices, the three-dimensional constraint of the gas turbine engine includes
determining, by the one or more computing devices, the three-dimensional constraint
the gas turbine engine using a CAD file of the gas turbine engine.

[0020] In certain exemplary aspects, the method may further include determining,
by the one or more computing devices, a set of operability limitations of the robotic
arm, and wherein determining, by the one or more computing devices, the path for the
robotic arm through the gas turbine engine includes determining, by the one or more
computing devices, the path for the robotic arm through the gas turbine engine further
based on the set of operability limitations of the robotic arm.

[0021] For example, in certain exemplary aspects determining, by the one or more
computing devices, the set of operability limitations of the robotic arm includes
determining, by the one or more computing devices, a set of joint limitations of the
robotic arm, a set of geometric limitations for a plurality of segments of the robotic
arm, or both.

[0022] For example, in certain exemplary aspects the determined task position
and orientation for the utility member is a first task position and orientation for the
utility member, wherein the path for the robotic arm through the environment is a first
path for the robotic arm through the gas turbine engine. With such an exemplary
aspect, the method may further include: determining, by the one or more computing
devices, a second task position and orientation for the utility member within the gas
turbine engine; and determining, by the one or more computing devices, a second path
for the robotic arm through the gas turbine engine based on each of the position of the

base, the root end, or both relative to the gas turbine engine, the second task position



and orientation for the utility member within the gas turbine engine, and the three-
dimensional constraint of the gas turbine engine.

[0023] For example, in certain exemplary aspects the method further includes
determining, by the one or more computing devices, a transitional movement of the
robotic arm from the first path to the second path.

[0024] In another exemplary embodiment of the present disclosure, a robotic arm
assembly is provided. The robotic arm assembly includes a base; a utility member; a
robotic arm extending between a root end and a distal end, the root end of the robotic
arm coupled to the base and the distal end including the utility member; and a
controller operable with the base, the robotic arm, or both. The controller includes one
or more processors and memory, the memory storing data, the data including
instructions that when executed by the one or more processors cause the robotic arm
assembly to perform functions. The functions include: determining a position of the
base, the root end, or both relative to an environment; determining a task position and
orientation for the utility member within the environment; determining a three-
dimensional constraint of the environment; and determining a path for the robotic arm
through the environment based on each of the position of the base, the root end, or
both relative to the environment, the task position and orientation for the utility
member within the environment, and the three-dimensional constraint of the
environment.

[0025] In certain exemplary aspects the instructions further include directing the
robotic arm through the environment along the path determined for the robotic arm
through the environment.

[0026] These and other features, aspects and advantages of the present invention
will become better understood with reference to the following description and
appended claims. The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the invention and,

together with the description, serve to explain the principles of the invention.



BRIEF DESCRIPTION OF THE DRAWINGS
[0027] A full and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended Figs., in which:
[0028] Fig. 1 is a schematic, cross-sectional view of a gas turbine engine in
accordance with an exemplary aspect of the present disclosure.
[0029] Fig. 2 it is a schematic, plan view of a section of the exemplary gas turbine
engine along an axial direction and a circumferential direction.
[0030] Fig. 3 is a schematic, cross-sectional view of a section of the exemplary
gas turbine engine along the axial direction and a radial direction.
[0031] Fig. 4 is a schematic view of a robotic arm assembly in accordance with an
exemplary embodiment of the present disclosure.
[0032] Fig. 5 is a top view of a robotic arm of the exemplary robotic arm
assembly of Fig. 4.
[0033] Fig. 6 is a close-up view of a plurality of segments of the exemplary
robotic arm of the exemplary robotic arm assembly of Fig. 5.
[0034] Fig. 7 is a close-up view of a utility member of a robotic arm assembly in
accordance with an exemplary embodiment of the present disclosure.
[0035] Fig. 8 is a schematic view of a path for a robotic arm of a robotic arm
assembly through an environment in accordance with an exemplary embodiment of
the present disclosure.
[0036] Fig. 9 is a schematic of a tip following sequence for a robotic arm of a
robotic arm assembly.
[0037] Fig. 10 is a schematic view of a path for a robotic arm of a robotic arm
assembly through an environment in accordance with another exemplary embodiment
of the present disclosure.
[0038] Fig. 11 is a schematic view of two paths for a robotic arm assembly
through an environment in accordance with an exemplary embodiment of the present
disclosure.
[0039] Fig. 12 is a close-up, schematic view of the two exemplary paths of Fig.
11.



[0040] Fig. 13 is a flow diagram of a method for controlling a robotic arm

assembly in accordance with an exemplary aspect of the present disclosure.

DETAILED DESCRIPTION
[0041] Reference will now be made in detail to present embodiments of the
invention, one or more examples of which are illustrated in the accompanying
drawings. The detailed description uses numerical and letter designations to refer to
features in the drawings. Like or similar designations in the drawings and description
have been used to refer to like or similar parts of the invention.
[0042] As used herein, the terms “first”, “second”, and “third” may be used
interchangeably to distinguish one component from another and are not intended to
signify location or importance of the individual components.
[0043] The terms “forward” and “aft” refer to relative positions within a gas
turbine engine or vehicle, and refer to the normal operational attitude of the gas
turbine engine or vehicle. For example, with regard to a gas turbine engine, forward
refers to a position closer to an engine inlet and aft refers to a position closer to an
engine nozzle or exhaust.
[0044] The terms “upstream’ and “downstream” refer to the relative direction
with respect to fluid flow in a fluid pathway. For example, “upstream’ refers to the
direction from which the fluid flows, and “downstream’ refers to the direction to
which the fluid flows.
[0045] The terms “coupled,” “fixed,” “attached to,” and the like refer to both
direct coupling, fixing, or attaching, as well as indirect coupling, fixing, or attaching
through one or more intermediate components or features, unless otherwise specified
herein.
[0046] The singular forms “a”, “an”, and “the” include plural references unless
the context clearly dictates otherwise.
[0047] Approximating language, as used herein throughout the specification and
claims, is applied to modify any quantitative representation that could permissibly
vary without resulting in a change in the basic function to which it is related.
Accordingly, a value modified by a term or terms, such as “about”, “approximately”,

and “substantially”, are not to be limited to the precise value specified. In at least



some instances, the approximating language may correspond to the precision of an
instrument for measuring the value, or the precision of the methods or machines for
constructing or manufacturing the components and/or systems. For example, the
approximating language may refer to being within a 10 percent margin.

[0048] Here and throughout the specification and claims, range limitations are
combined and interchanged, such ranges are identified and include all the sub-ranges
contained therein unless context or language indicates otherwise. For example, all
ranges disclosed herein are inclusive of the endpoints, and the endpoints are
independently combinable with each other.

[0049] Referring now to the drawings, wherein identical numerals indicate the
same elements throughout the Figs., Fig. 1 is a schematic cross-sectional view of a
gas turbine engine in accordance with an exemplary embodiment of the present
disclosure. More particularly, for the embodiment of Fig. 1, the gas turbine engine is
a high-bypass turbofan jet engine 10, referred to herein as “turbofan engine 10.” As
shown in Fig. 1, the turbofan engine 10 defines an axial direction A (extending
parallel to a longitudinal centerline 12 provided for reference) and a radial direction
R. The turbofan engine 10 also defines a circumferential direction C (see, e.g., Fig. 2)
extending circumferentially about the axial direction A. In general, the turbofan 10
includes a fan section 14 and a turbomachine 16 disposed downstream from the fan
section 14.

[0050] The exemplary turbomachine 16 depicted is generally enclosed within a
substantially tubular outer casing 18 that defines an annular inlet 20 and an annular
exhaust 21. The outer casing 18 encases, in serial flow relationship, a compressor
section including a booster or low pressure (LP) compressor 22 and a high pressure
(HP) compressor 24; a combustion section 26; a turbine section including a high
pressure (HP) turbine 28 and a low pressure (LP) turbine 30; and a jet exhaust nozzle
section 32. A high pressure (HP) shaft or spool 34 drivingly connects the HP turbine
28 to the HP compressor 24. A low pressure (LP) shaft or spool 36 drivingly
connects the LP turbine 30 to the LP compressor 22. The compressor section,
combustion section 26, turbine section, and nozzle section 32 together define a core

air flowpath 37 therethrough.



[0051] For the embodiment depicted, the fan section 14 includes a fixed pitch fan
38 having a plurality of fan blades 40. The fan blades 40 are each attached to a disk
42, with the fan blades 40 and disk 42 together rotatable about the longitudinal axis 12
by the LP shaft 36. For the embodiment depicted, the turbofan engine 10 is a direct
drive turbofan engine, such that the LP shaft 36 drives the fan 38 of the fan section 14
directly, without use of a reduction gearbox. However, in other exemplary
embodiments of the present disclosure, the fan 38 may instead be a variable pitch fan,
and the turbofan engine 10 may include a reduction gearbox, in which case the LP
shaft 36 may drive the fan 38 of the fan section 14 across the gearbox.

[0052] Referring still to the exemplary embodiment of Fig. 1, the disk 42 is
covered by rotatable front hub 48 aerodynamically contoured to promote an airflow
through the plurality of fan blades 40. Additionally, the exemplary turbofan engine 10
includes an annular nacelle assembly 50 that circumferentially surrounds the fan 38
and/or at least a portion of the turbomachine 16. For the embodiment depicted, the
nacelle assembly 50 is supported relative to the turbomachine 16 by a plurality of
circumferentially-spaced outlet guide vanes 52. Moreover, a downstream section 54
of the nacelle assembly 50 extends over an outer portion of the casing 18 so as to
define a bypass airflow passage 56 therebetween. The ratio between a first portion of
air through the bypass airflow passage 56 and a second portion of air through the inlet
20 of the turbomachine 16, and through the core air flowpath 37, is commonly known
as a bypass ratio.

[0053] It should be appreciated, however, that the exemplary turbofan engine 10
depicted in Fig. 1 is by way of example only, and that in other exemplary
embodiments, the turbofan engine 10 may have any other suitable configuration,
including, for example, any other suitable number of shafts or spools, turbines,
compressors, etc. Additionally, or alternatively, in other exemplary embodiments, any
other suitable turbine engine may be provided. For example, in other exemplary
embodiments, the turbine engine may not be a turbofan engine, and instead may be
configured as a turboshaft engine, a turboprop engine, turbojet engine, etc.

[0054] Referring now to Figs. 2 and 3, it will be appreciated that the core air
flowpath 37 through the turbomachine 16 generally forms an “environment” having

various obstacles to be traversed in order to reach certain components positioned



therein. More specifically, Fig. 2 provides a plan view of a section of the LP
compressor 22 of the exemplary turbomachine 16 of Fig. 1 along the axial and
circumferential directions A, C, and Fig. 3 provides a schematic view of a portion of
the LP compressor 22 of the exemplary turbomachine 16 of Fig. 1 along the axial and
radial directions A, R.

[0055] As is depicted, the LP compressor 22 includes a plurality of stages of LP
compressor rotor blades 60, which are configured to rotate about the axial direction A
of the turbofan engine 10 (i.e., along the circumferential direction C) during operation
of the turbofan engine 10. More specifically, for the embodiment depicted in Fig. 2,
the LP compressor 22 includes a first stage 62 of LP compressor rotor blades 60 and a
second stage 64 of LP compressor rotor blades 60. The LP compressor 22 further
includes a plurality of stages of LP compressor stator vanes 66, and more specifically,
a first stage 68 of LP compressor stator vanes 66 and a second stage 70 of LP
compressor stator vanes 66. Each of the plurality of LP compressor stator vanes 66
generally remain stationary during operation of the turbofan engine 10. As will be
appreciated, in order to reach, e.g., a base portion 72 of an LP compressor stator vane
66 of the second stage 70 of LP compressor stator vanes 66, a three-dimensional path
74 must be traversed through the first and second stages 62, 64 of LP compressor
rotor blades 60 and the first stage of LP compressor stator vanes 66.

[0056] Referring now to Fig. 4, a robot arm assembly 100, also referred to as a
“snake-arm” assembly, in accordance with an exemplary embodiment of the present
disclosure is provided. The robot arm assembly 100 generally defines a vertical
direction V, a longitudinal direction L1, and a lateral direction L2 (see Fig. 5), and
further generally includes a base 102, a robotic arm 104, and a utility member 122.
The base 102 includes one or more motors 106 operable with the robotic arm 104 to
actuate the robotic arm 104. Additionally, the robotic arm 104, for the embodiment
depicted, includes a plurality of segments 108 (also referred to as “links”) sequentially
arranged and extending from the base 102 between a root end 110 and a distal end
112, e.g., generally along the longitudinal direction L1 of the robot arm assembly 100
for the embodiment shown. Notably, the robotic arm 104 is, for the embodiment

depicted, coupled to the base 102 at its root end 110.
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[0057] Further, referring particularly to the robotic arm 104, each segment 108
may be movable relative to a forward-adjacent segment 108 (i.e., a segment 108
immediately forward of the segment 108/towards the distal end 112) and aft-adjacent
segment 108 (i.e., a segment 108 immediately aft of the segment 108/towards the root
end 110) along at least two degrees of operation, as is depicted to form the two-
dimensional shape of the robotic arm 104 in Fig. 4. For example, each segment 108
may be movable up or down relative to the forward-adjacent and aft-adjacent
segments 108 along the vertical direction V of the robot arm assembly 100. More
specifically, referring briefly also to Fig. 5, providing a top view of the exemplary
robotic arm 104 of Fig. 4, it will be appreciated that for the exemplary embodiment
depicted, each segment 108 is further movable relative to a respective forward-
adjacent and aft-adjacent segment 108 along at least four degrees of operation. For
example, as is depicted in Fig. 5, each segment 108 may also be movable along a
lateral direction L2 relative to the forward-adjacent and aft-adjacent segments 108. In
such a manner, the robotic arm 104 may generally be movable to form various three-
dimensional shapes.

[0058] It will be appreciated, that in at least certain exemplary embodiments, the
one or more motors 106 of the base 102 may generally pull on various wires (not
shown) extending through the robotic arm 104 and terminating at individual segments
108 of the robotic arm 104. By pulling on these various wires, the one or more motors
106 of the base 102 may control a movement of the segments 108 of the robotic arm
104. However, in other embodiments, any other suitable configuration may be
provided for controlling the robotic arm 104.

[0059] Notably, the robotic arm 104 defines a set of operability limitations. For
example, referring briefly to Fig. 6, a close-up view of a segment 108 of the
exemplary robotic arm 104 of Figs. 4 and 5 is provided. Specifically, Fig. 6 provides a
close-up view of a first segment 108A of the robotic arm 104, along with a second
segment 108 B located immediately forward of the first segment 108 A (i.e., a
forward-adjacent segment) and a third segment 108 C located immediately aft of the
first segment 108 A (i.e., an aft-adjacent segment). As is depicted, the first segment
108A generally extends along a first local axis 114, and similarly, the second segment

108B extends along a second local axis 114B and the third segment 108C extends
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along a third local axis 114C. The first local axis 114 A of the first segment 108A
defines a forward bend angle 116 with the second local axis 114B of the second
segment 108B, and further defines an aft bend angle 118 with the third local axis
114C of the third segment 108C. The forward bend angle 116 depicted represents a
maximum bend angle between two segments 108 of the robotic arm 104, and the aft
bend angle 118 depicted represents a minimum bend angle between two segments 108
of the robotic arm 104. Additionally, each of the segments 108 defines a length 120
(measured as a linear distance between a forward and aft joint with the forward and
aft segments 108, respectively). The minimum and maximum bend angles and lengths
120 of the segments 108 of the robotic arm 104 may be the same for each of the
plurality of segments 108 of the robotic arm 104, or alternatively, certain of the
segments 108 may define, e.g., increased or decreased maximum bend angles,
increased or decreased minimum bend angles, varying lengths, varying degrees of
movement/freedom, etc. These parameters may be referred to as a set of operability
limitations for the robotic arm 104. Specifically, these parameters may generally
dictate the available three-dimensional shapes that the robotic arm 104 may form.
[0060] Notably, the robotic arm 104 may further define additional sets of
operability limitations. For example, the robotic arm 104 may define load limitations
(e.g., an amount of weight the robotic arm 104 may carry for a given distance from
the base 102), torque limitations, etc. Further, the operability limitations of the robotic
arm 104 may include information regarding available movement of the base 102 and/
or root end 110 of the robotic arm 104. For example, as is discussed below, the base
102 and/or root end 110 of the robotic arm 104 may be mounted on another robot or
joint(s) that allow for the modification of a position and/or an orientation of the base
102 and/or root end 110 of the robotic arm 104 (e.g., one or both may be moveable
along one or more of the longitudinal direction L1, lateral direction L2, and vertical
direction V, and/or moveable about one or more of the longitudinal direction L1,
lateral direction L2, and/or vertical direction V. Such may increase an operability of
the robotic arm 104.

[0061] Referring back particularly to Fig. 4, as briefly noted above, the robotic
arm assembly 100 additionally includes the utility head 122 attached to, or integrated
with the robotic arm 104 at the distal end 112 of the robotic arm 104. The utility head
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122 may be removable/interchangeable, or alternatively, may be fixed to the robotic
arm 104. In at least certain exemplary embodiments, the utility head 122 may have
one or more sensors embedded therein, such as one or more proximity sensors,
cameras, etc. Additionally, or alternatively, the utility head 122 may have one or more
tools/implements, such as a laser cutting tool, a welding tool, etc.

[0062] As is also depicted in Fig. 4, the robot arm assembly 100 further includes a
controller 124 operable with the base 102, the robotic arm 104, or both. Although the
controller 124 is depicted as being positioned physically separate from the base 102 of
the robotic arm assembly 100, in other embodiments, the controller 124 may be
positioned, or otherwise integrated into, the base 102 of the robotic arm assembly 100.
Additionally, or alternatively, the controller 124 may be integrated into, and/or
operable with, any other suitable system.

[0063] The controller 124 generally includes a network interface 126. The
network interface 126 may be operable with any suitable wired or wireless
communications network for communicating data with other components of, e.g., the
robotic arm assembly 100, and/or other components or systems not depicted. As
depicted using phantom lines in Fig. 4, for the embodiment depicted, the network
interface 126 utilizes a wireless communication network 128 to communicate data
with other components. Specifically, for the embodiment shown, through the network
interface 126 of the controller 124 and the wireless communication network 128, the
controller 124 is operably coupled to the base 102 of the robotic arm assembly 100,
and more specifically, is operably coupled to the one or more motors 106 of the base
102 of the robotic arm assembly 100. In such a manner, the controller 124 may
control operation of the robotic arm 104 by controlling operation of the one or more
motors 106. Also through the network interface 126 and wireless communications
network 128, the controller 124 is operably coupled to the utility head 122. In such a
manner, the controller 124 may receive data from, e.g., one or more sensors
positioned within the utility head 122 and/or may control the one or more implements
of the utility head 122.

[0064] It will be appreciated, of course, that although the network interface 126
utilizes the wireless communication network 128 for the embodiment of Fig. 4, in

other embodiments, the network interface 126 may instead utilized a wired
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communication network, or a combination of wired and wireless communication
networks.

[0065] Referring still to Fig. 4, the controller 124 further includes one or more
processors 130 and memory 132. The memory 132 stores data 134 accessible by the
one or more processors 130. The one or more processor(s) 130 can include any
suitable processing device, such as a microprocessor, microcontroller, integrated
circuit, logic device, and/or other suitable processing device. The one or more
memory device(s) 132 can include one or more computer-readable media, including,
but not limited to, non-transitory computer-readable media, RAM, ROM, hard drives,
flash drives, and/or other memory devices. The data 134 may include instructions
that when executed by the one or more processors 130 cause the robot arm assembly
100 to perform functions. One or more exemplary aspects of these functions may be
described below with respect to the exemplary method 200 of Fig. 13. Accordingly, it
will be appreciated that the exemplary method 200 described below with reference to
Fig. 13 may be a computer-implemented method.

[0066] The instructions within the data 134 can be any set of instructions that
when executed by the one or more processor(s) 130, cause the one or more
processor(s) 130 to perform operations. In certain exemplary embodiments, the
instructions within the data 134 can be software written in any suitable programming
language or can be implemented in hardware. Additionally, and/or alternatively, the
instructions can be executed in logically and/or virtually separate threads on
processor(s) 130. The memory device(s) 132 can further store other data 134 that can
be accessed by the processor(s) 130.

[0067] Referring now to Fig. 7, a close-up view of an LP compressor rotor blade
60 and a utility head 122 of a robotic arm assembly 100 in accordance with an
exemplary embodiment of the present disclosure is provided. The robotic arm
assembly 100, and utility head 122, may be configured in substantially the same
manner as exemplary robotic arm assembly 100 described above with reference to
Figs. 4 through 6. Additionally, the LP compressor rotor blade 60 may be configured
in substantially the same manner as one or more the exemplary LP compressor rotor
blades 60 described above with reference to Figs. 1 through 3. Accordingly, the same

or similar numbers refer to the same or similar parts.
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[0068] The utility head 122 of the robotic arm assembly 100 depicted is in a
particular position and orientation to perform a task (i.e., a “task position and
orientation”). For example, the exemplary LP compressor rotor blade 60 of Fig. 7
defines a plurality of cooling holes 136. Also, for the embodiment depicted, the utility
head 122 of the robotic arm 104 includes a laser implement 138 for laser drilling, and
more specifically, to drill through, e.g., a clogged cooling hole 136 in the LP
compressor rotor blade 60. In such a manner, it will be appreciated that the
environment, i.e., a turbofan engine 10 including an LP compressor 22 having the
exemplary LP compressor rotor blades 60, defines a coordinate system. For the
embodiment depicted, the coordinate system includes an axial direction A, a radial
direction R, and a circumferential direction C. The task position and orientation
includes a location along the defined coordinate system (i.e., a value along the axial
direction A, along the radial direction R, and along the circumferential direction C), as
well as an orientation within the coordinate system. More specifically, the laser
implement 138 defines an axis 140, and the task position and orientation defines an
angular orientation of the axis 140 of the laser implement 138, such that the axis 140
of the laser implement defines a first angle 142 with the axial direction A, a second
angle 144 with the radial direction R, and a third angle 146 width of the
circumferential direction C. By specifying a particular position and orientation, it may
be ensured that the laser implement directs the laser along a desired vector and in a
desired position.

[0069] Referring now to Fig. 8, an exemplary path 150 through an environment
148 for a robotic arm 104 of a robotic arm assembly 100 to position a utility head 122
of the robotic arm 104 at a desired task position and orientation is provided. The robot
arm assembly 100 may be configured in substantially the same manner as exemplary
robot arm assembly 100 described above, and further, the environment 148 may be
configured in substantially the same manner as one or more the exemplary gas turbine
engine environments described above.

[0070] More specifically, it will be appreciated that for the exemplary
embodiment depicted in Fig. 8, a position of a base 102, of a root end 110 of the
robotic arm 104, or both relative to the environment 148 is known (relative to a

coordinate system of the environment 148, which for the embodiment shown is an
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axial direction A, radial direction R, and circumferential direction C coordinate
system). The position of the base 102 or root end 110 may be manually input to, e.g.,
a controller 124 of the robotic arm assembly 100, or alternatively may be determined
by the controller 124 using, e.g., one or more sensors of the robotic arm assembly
100. It will be appreciated, that in addition to the position of the base 102 or root end
110, the controller 124 may additionally know the orientation of the base 102 or root
end 110. Further, the base 102 and/or root end 110 of the robotic arm 104 may be
mounted on another robot or joint(s) that allow for the modification of the position
and/or orientation of the base 102 and/or root end 110 of the robotic arm 104. With
such a configuration, the position and/or orientation of the base 102 or root end 110
may be communicated to the controller 124, or may be controlled by the controller
(and therefore known by the controller 124).

[0071] Additionally, a task position and orientation 152 for the utility member of
the robotic arm 104 within the environment 148 is known. The task position and
orientation 152 may similarly be input into the controller 124, or alternatively may be
determined, e.g., as a result of an inspection of the environment 148. For example, the
controller 124 may note a defect through an inspection of the environment 148, and
automatically determine a task position and orientation for the utility head 122 of the
robotic arm assembly 100. Further, a three-dimensional constraint of the environment
148 is known. The three-dimensional constraint the environment 148 may be
determined by the controller 124 using, e.g., a three-dimensional electronic
representation or model of the environment 148. For example, the controller 124 may
use a computer-aided design (“CAD?”) file, and/or may determine the three-
dimensional constraint through inspection or scan of the environment 148. Notably,
for the embodiment depicted, the environment 148 may be similar to, e.g., the LP
compressor 22 described above with reference to, e.g., Figs. 2 and 3. Accordingly, the
three-dimensional constraint of the environment 148 may be determined using, e.g.,
one or more CAD files for the LP compressor 22 (and turbofan engine 10), a three-
dimensional mapping of the LP compressor 22, or any other suitable means. Of
course, in other exemplary embodiments, the environment 148 may be any other
suitable environment, such as any other suitable section of the gas turbine engine, or

other engine or system.
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[0072] Further, still, a set of operability limitations of the robotic arm 104 is
known (based on an input to the controller 124, or, e.g., by sensing the operability of
the robotic arm 104).

[0073] Based on the above factors, the robotic arm assembly 100, and more
specifically, the controller 124 the robotic arm assembly 100, is configured to
determine the path 150 for the robotic arm 104 through the environment 148 for
positioning the utility implement 122 of the robotic arm 104 in the determined task
position and orientation 152 within the environment 148. For example, the path 150
may be determined by starting with the known task position and orientation 152, and
subsequently constraining the path 150 based on the three-dimensional constraints of
the environment 148, the set of operability limitations of the robotic arm 104, and the
position of the base 102, the root end 110, or both relative to the environment 148.
[0074] With such an approach, the path 150 may be determined with the end goal
of positioning the utility member in the desired task position and orientation 152 as a
key parameter. Such is an improvement over simply determining the path 150 for the
robotic arm 104 in real time as the robotic arm 104 is guided through the environment
148, as it may result in a more efficient path 150 for the robotic arm 104, while
ensuring the desired task is achievable by planning the path 150 based on the known
task position and orientation 152.

[0075] Notably, the path 150 determined for the robotic arm 104 may include a
plurality of sequential coordinates (e.g., X1, Y1, Z1; X2, Y2, Z2; X3, Y3, Z3; etc., or
rather A1, R1, C1; A2, R2, C2; A3, R3, C3; etc.) for the robotic arm to follow within
the three-dimensional environment 148. Additionally, it should be appreciated that
the path 150 may also include orientation information for the robotic arm 104 at these
positions (and/or between these positions) within the three-dimensional environment
148. The orientation information may include angular information for the links 108
of the robotic arm 104 at each of the coordinates relative to each axis of the
coordinate system of the environment 148 (e.g., relative to the axial direction A,
radial direction R, and circumferential direction C), such that the path 150 includes
information for up to six degrees of movement along some or all of the path 150. For
example, if a tool or utility member 122 at the distal end of the robotic arm 104 has a

greater extent in one dimension than another (e.g., taller than it is wide), it may
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further be necessary to ensure the robotic arm 104 moves through the three
dimensional environment 148 with the appropriate orientation, in addition to the
appropriate position. Accordingly, it will be appreciated that in at least certain
exemplary aspects of the present disclosure, determining the path 150 may include
determining the path 150 further in view of certain dimensions of the utility member
122 and/or an orientation of the base 102, root end 110, or both (in addition to its
position).

[0076] Further, referring now briefly to Fig. 9, it will be appreciated that once the
path 150 is determined, the controller 124 (see, e.g., Fig. 4) may direct the robotic arm
104 of the robotic arm assembly 100 along the path 150 using a tip-following
sequence. As will be appreciated, when directing the robotic arm 104 through the
environment 148 along the path 150 using the tip-following sequence, sequential
segments 108 of the robotic arm 104 follow the path 150 of previous segments 108 to
ensure that the robotic arm 104 is inserted along the determined path 150. Such may
minimize a risk of collision between the robotic arm 104 and the environment 148. As
will be appreciated, however, directing the robotic arm 104 through the environment
148 along the path 150 using the tip-following sequence may include controlling the
robotic arm 104 link 108 by link 108, or alternatively by controlling several links 108
as a unit (i.e., a section of the arm 104 as one) to provide for greater degrees of
freedom, and/or greater bend angles, than a single joint possesses.

[0077] Further, referring now to Fig. 10, an exemplary path 150 through an
environment 148 for a robotic arm 104 of a robotic arm assembly 100 to position a
utility head 122 of the robotic arm 104 at a desired task position and orientation 152 is
provided. More specifically, the environment 148 depicted in Fig. 10 is the same
environment 148 depicted in Fig. 8. However, for the embodiment of Fig. 10, the task
position and orientation 152 for utility member is different. For example, the task
position and orientation 152 of Fig. 8 may be a first task position and orientation
152A, while the task position and orientation 152 of Fig. 10 is a second task position
and orientation 152B. Similarly, the path 150 of Fig. 8 may be a first path 150A,
while the path 150 of Fig. 10 is a second path 150B.

[0078] It will be appreciated that the second path 150B depicted in Fig. 10 for the

robotic arm 104 of the robotic arm assembly 100 may be determined in substantially

18



the same way as the path 150 for the robotic arm 104 depicted in Fig. 8 was
determined. However, of course, for the embodiment of Fig. 10, the path 150 was
determined based on the second task position and orientation 152B, in addition to the
position of the base, the root end, or both relative to the environment, and the three-
dimensional constraint of the environment.

[0079] Notably, it may be desirable for the robotic arm 104 to move directly from
the first path 150A to the second path 150B, instead of backing out the robotic arm
104 to where the two paths 150A, 150B overlap. In order to do so, for the
embodiment depicted, the controller 124 of the robotic arm assembly 100 may
determine a transitional movement of the robotic arm 104 from the first path 150A to
the second path 150B, and more specifically, may determine the transitional
movement by interpolating one or more transitional paths between the first path 150A
the second path 150B.

[0080] For example, referring to Figs. 11 and 12, the first path 150A is depicted
overlain with the second path 150B. As is depicted, the first path 150A and the second
path 150B define a plurality of common points 154. Additionally, the first path 150B
defines a plurality of points 156A where the first path 150A does not overlap with the
second path 150B, and similarly, the second path 150B defines a plurality of points
156B where the second path 150B does not overlap with the first path 150A.
Referring particularly to Fig. 12, showing a close-up of the differing points 156A,
156B of the first path 150 and the second path 150, the controller 124 (see Figs. 8, 10)
may be configured to determine a plurality of intermediate points 158 for each joint of
the robotic arm 104 between the first path 150 and the second path 150. The controller
124 may move the robotic arm 104 from the first path 150 to the second path 150 by
positioning the joints of the robotic arm 104 sequentially at the intermediate points
158 determined.

[0081] It should be appreciated that by interpolating the intermediate path(s) to
determine the transitional movement of the robotic arm 104 from the first path 150A
to the second path 150B, the robotic arm assembly 100 may relatively smoothly and
efficiently move from the first task position and orientation 152A to the second task

position and orientation 152B.
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[0082] Referring now to Fig. 13, a method for controlling a robotic arm assembly
through an environment is provided. The exemplary method 200 may be utilized with
one or more the exemplary robotic arm assemblies described above with reference to
Figs. 1 through 12. Accordingly, the robotic arm assembly may generally include a
robotic arm extending between a root end and a distal end, a base, and a utility
member. The root end of the robotic arm may be coupled to the base, and the distal
end of the robotic arm may include the utility member.

[0083] The method 200 generally includes at (202) determining a position of the
base, the root end, or both relative to the environment. As will be appreciated, in at
least certain exemplary aspects, determining the position of the base, the root end, or
both relative to the environment at (202) may further include at (203) determining the
position and an orientation of the base, the root end, or both relative to the
environment. For example, the base and/or root end of the robotic arm may be
mounted on another robot or joint(s) that allow for the modification of a position
and/or an orientation of the base and/or root end of the robotic arm. With such an
exemplary aspect, the position and/or orientation of the base or root end may be
communicated to a controller of the robotic arm assembly, or may be controlled by
the controller of the robotic arm assembly (and therefore known by the controller).
[0084] Additionally, the method 200 includes at (204) determining a task position
and orientation for the utility member within the environment. The task position and
orientation may generally define a location and, e.g., an angular orientation for the
utility member within the environment to facilitate the utility member performing
certain operations. For example, the task position and orientation may be a task
position and orientation to allow the utility member to, e.g., direct a laser drill towards
a component to, e.g., drill a hole in the component. Additionally, or alternatively, the
task position and orientation may be a position and orientation for the utility member
within the environment allow the utility member to, e.g., weld a component within the
environment, cut a component within the environment, etc.

[0085] The method 200 further includes at (206) determining a three-dimensional
constraint of the environment. As discussed above in at least certain exemplary
aspects, the environment may be a gas turbine engine. With such an exemplary aspect,

determining the three-dimensional constraint of the environment at (206) may include

20



determining the three-dimensional constraint of the environment, and more
specifically may include at (208) determining the three-dimensional constraint of the
environment using a computer-aided design (“CAD?”) file of the gas turbine engine.
However, in other exemplary aspects, any other suitable means may be utilized for
determining the three-dimensional constraint for the environment. For example, in
other exemplary embodiments, determining the three-dimensional constraint for the
environment at (206) may include scanning or inspecting the environment using one
or more optical sensors or other sensors.

[0086] Referring still to Fig. 13, the exemplary aspect of the method 200 depicted
further includes at (210) determining a set of operability limitations of the robotic
arm. For the exemplary aspect depicted, determining the set of operability limitations
of the robotic arm at (210) includes at (212) determining a set of joint limitations of
the robotic arm (e.g., minimum and/or maximum bend angles, degrees of freedom,
etc.), a set of geometric limitations for a plurality of segments of the robotic arm (e.g.,
lengths of the segments, shapes of the segments, etc.), a set of geometric limitations of
a utility member of the robotic arm (e.g., length, width, height, etc.), or combination
thereof. Notably, the operability limitations may further take into consideration an
ability of the links of the robotic arm to move in unison, and/or work together to
achieve additional degrees of freedom, increased effective bend angles, etc. Further
[0087] Further, the exemplary method 200 includes at (214) determining a path
for the robotic arm through the environment based on each of the position of the base
of the robotic arm relative to the environment determined at (202), the task position
and orientation for utility member within the environment determined at (204), and
the three-dimensional constraint of the environment determined at (206). More
specifically, for the exemplary aspect depicted, determining the path for the robotic
arm to the environment at (214) further includes at (215) determining the path for the
environment further based on the set of operability limitations of the robotic arm
determined at (210). In at least certain exemplary aspects, the path for the robotic arm
through the environment may include a plurality of sequential vectors for the robotic
arm to follow.

[0088] For example, determining the path at (214) may include determining a
plurality of sequential coordinates (e.g., X1, Y1, Z1; X2, Y2, Z2; X3, Y3, Z3; etc.) for
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the robotic arm to follow within the three-dimensional environment. Additionally, it
should be appreciated that determining the path at (214) may include determining
orientation information for the robotic arm at these positions (and/or between these
positions) within the three-dimensional environment. The orientation information
may include angular information for the links of the robotic arm at each of the
coordinates relative to each axis of the coordinate system of the environment, such
that the path includes information for up to six degrees of freedom along some or all
of the path. For example, if a tool at the distal end of the robotic arm has a greater
extent in one dimension than another (e.g., taller than it is wide), it may further be
necessary to ensure the robotic arm moves through the three dimensional environment
with the appropriate orientation, in addition to the appropriate position.

[0089] Notably, by determining the path for the robotic arm through the
environment based on the parameters discussed, including the task position and
orientation for the utility member within the environment, a more efficient path may
be determined for the robotic arm. More specifically, by determining the path for the
robotic arm based on the resulting task position and orientation for the utility member
may ensure a path for the robotic arm appropriate for the desired task is determined.
[0090] The method 200 further includes, for the exemplary aspect depicted,
controlling the snake arm based on the determined path for the snake arm at (214).
More specifically, for the exemplary aspect depicted, the method 200 includes at
(216) directing the robotic arm tthrough the environment along the path determined
for the robotic arm at (214). More specifically, for the exemplary aspect depicted,
directing the robotic arm through the environment along the path determined for the
robotic arm at (216) includes at (218) directing the robotic arm through the
environment along the path using a tip following sequence. As will be appreciated,
directing the robotic arm through the environment along the path using a tip following
sequence at (218) may include controlling the robotic arm link-by-link, or
alternatively by controlling several links as a unit (i.e., a section of the arm as one) to
provide for greater degrees of freedom, and/or greater bend angles, than a single joint
possesses. Further, it should be appreciated, that in certain exemplary aspects, ,
determining the path at (214) may include determining the path prior to directing the

robotic arm through the environment at (216).
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[0091] In at least certain exemplary aspects, such as the exemplary aspect of the
method 200 depicted in Fig. 13, it will be appreciated that it may further be desirable
for the robotic arm to perform functions at multiple locations. For example, for the
exemplary aspect depicted, the turbofan task position and orientation for the utility
member at (204) may be a first task position and orientation, the path for the robotic
arm through the environment determined at (216) may be a first path for the robotic
arm through the environment, and the method 200 further includes at (220)
determining a second task position and orientation for the utility member within the
environment. The second task position and orientation for the utility member within
the environment is a different task position and orientation than the first task position
and orientation. For example, the first task position and orientation for the utility
member within the environment may be a starting point of a task, and the second task
position and orientation for utility member within the environment may be an ending
point of the task. For example, the task may be a cutting task, a welding task, etc.
Additionally, or alternatively, the first task may be a first drilling hole, and the second
task may be a second drilling hole.

[0092] The method 200 further includes at (222) determining a second path for
the robotic arm through the environment based on each of the position of the base, the
root end, or both relative to the environment, the second task position and orientation
the utility member within the environment, and the three-dimensional constraint of the
environment. Moreover, the method 200 includes at (224) determining a transitional
movement of the robotic arm on the first path to the second path. For the exemplary
aspect depicted, determining the transitional movement of the robotic arm from the
first path to the second path at (224) includes at (226) interpolating one or more
transitional paths between the first path and the second path.

[0093] It will be appreciated that in at least certain exemplary aspects, the method
200 may be a computer-implemented method. In such exemplary aspects the above-
described steps may be performed by one or more computing devices, such as by the
controller 124 described above with reference to Fig. 4, or any other suitable
controller or control system.

[0094] It will also be appreciated, that although for the exemplary embodiments

and aspects described herein, the “environment” through which the exemplary robotic
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arms extend is described as a gas turbine engine, such as a turbomachine of a gas
turbine engine, in other exemplary embodiments and aspects, the exemplary robotic
arms described herein may extend through other suitable environments. For example,
utilizing the systems and methods described herein, robotic arms may extend through
hazardous environments, such as may be found in the nuclear industry, oil drilling
industry, etc. Other environments are contemplated as well.

[0095] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they include structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages

of the claims.
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WHAT IS CLAIMED IS:

1. A method for controlling a robotic arm assembly through an environment, the robotic
arm assembly comprising a robotic arm, a base, and a utility member, the robotic arm
extending between a root end attached to the base and a distal end including the utility
member, the method comprising:

determining a position of the base, the root end, or both relative to the environment;

determining a task position and orientation for the utility member within the

environment;

determining a three-dimensional constraint of the environment; and

determining a path for the robotic arm through the environment based on each of the
position of the base, the root end, or both relative to the environment, the task position and
orientation for the utility member within the environment, and the three-dimensional constraint

of the environment,

wherein the task position and orientation for utility member within the environment is a

starting point or an ending point of a task, and

wherein the task is a cutting task, a welding task, or a drilling task.

2. The method of claim 1, further comprising:
directing the robotic arm through the environment along the path determined for the

robotic arm through the environment.

3. The method of claim 2, wherein directing the robotic arm through the environment
along the path determined for the robotic arm comprises directing the robotic arm through the

environment along the path using a tip following sequence.
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4, The method of claim 1, wherein the environment is a gas turbine engine, and wherein
determining the three-dimensional constraint of the environment comprises determining the
three-dimensional constraint the environment using a three-dimensional electronic

representation or model of the gas turbine engine.

5. The method of claim 1, further comprising:

determining a set of operability limitations of the robotic arm, and wherein determining
the path for the robotic arm through the environment comprises determining the path for the
robotic arm through the environment further based on the set of operability limitations of the

robotic arm.

6. The method of claim 5, wherein determining the set of operability limitations of the
robotic arm comprises determining a set of joint limitations of the robotic arm, a set of

geometric limitations for a plurality of segments of the robotic arm, or both.

7. The method of claim 1, wherein the determined task position and orientation for the
utility member is a first task position and orientation for the utility member, wherein the path
for the robotic arm through the environment is a first path for the robotic arm through the

environment, and wherein the method further comprises:

determining a second task position and orientation for the utility member within the

environment; and

determining a second path for the robotic arm through the environment based on each
of the position of the base, the root end, or both relative to the environment, the second task
position and orientation for the utility member within the environment, and the three-

dimensional constraint of the environment,

wherein determining the three-dimensional constraint of the environment comprises

obtaining data indicative of position and orientation of cooling holes, and

wherein the task is drilling a hole or drilling through a clogged cooling hole.
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8. The method of claim 7, further comprising:

determining a transitional movement of the robotic arm from the first path to the second

path.

9. The method of claim 8, wherein determining the transitional movement of the robotic
arm from the first path to the second path comprises interpolating one or more transitional
paths between the first path and the second path.

10. The method of claim 7, wherein the first task position and orientation for utility member
within the environment is the starting point of the task, and wherein the second task position

and orientation for the utility member within the environment is the ending point of the task.

11. The method of claim 1, wherein the path for the robotic arm through the environment

comprises a plurality of sequential vectors for the robotic arm to follow.

12. A computer implemented method for controlling a robotic arm assembly through a gas
turbine engine, the robotic arm assembly comprising a robotic arm, a base, and a utility
member, the robotic arm extending between a root end attached to the base and a distal end
including the utility member, the method comprising:

determining, by one or more computing devices, a position of the base, the root end,

or both relative to the gas turbine engine;

determining, by the one or more computing devices, a task position and orientation for

the utility member within the gas turbine engine;

determining, by the one or more computing devices, a three-dimensional constraint of

the gas turbine engine; and

determining, by the one or more computing devices, a path for the robotic arm through

the gas turbine engine based on each of the position of the base, the root end, or both relative
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to the gas turbine engine, the task position and orientation for the utility member within the

gas turbine engine, and the three-dimensional constraint of the gas turbine engine,

wherein the task position and orientation for utility member within the environment is a

starting point or an ending point of a task, and

wherein the task is a cutting task, a welding task, or a drilling task.

13. The computer-implemented method of claim 12, further comprising:

directing, by the one or more computing devices, the robotic arm through the gas
turbine engine along the path determined for the robotic arm through the gas turbine engine.

14. The computer-implemented method of claim 12, wherein determining, by the one or
more computing devices, the three-dimensional constraint of the gas turbine engine comprises
determining, by the one or more computing devices, the three-dimensional constraint the gas

turbine engine using a CAD file of the gas turbine engine.

15. The computer-implemented method of claim 12, further comprising:

determining, by the one or more computing devices, a set of operability limitations of
the robotic arm, and wherein determining, by the one or more computing devices, the path for
the robotic arm through the gas turbine engine comprises determining, by the one or more
computing devices, the path for the robotic arm through the gas turbine engine further based
on the set of operability limitations of the robotic arm.

16. The computer-implemented method of claim 15, wherein determining, by the one or
more computing devices, the set of operability limitations of the robotic arm comprises
determining, by the one or more computing devices, a set of joint limitations of the robotic arm,

a set of geometric limitations for a plurality of segments of the robotic arm, or both.
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17. The computer-implemented method of claim 12, wherein the determined task position
and orientation for the utility member is a first task position and orientation for the utility
member, wherein the path for the robotic arm through the environment is a first path for the

robotic arm through the gas turbine engine, and wherein the method further comprises:

determining, by the one or more computing devices, a second task position and
orientation for the utility member within the gas turbine engine; and

determining, by the one or more computing devices, a second path for the robotic arm
through the gas turbine engine based on each of the position of the base, the root end, or both
relative to the gas turbine engine, the second task position and orientation for the utility
member within the gas turbine engine, and the three-dimensional constraint of the gas turbine

engine,

wherein determining the three-dimensional constraint of the environment comprises

obtaining data indicative of position and orientation of cooling holes, and

wherein the task is drilling a hole or drilling through a clogged cooling hole.

18. The computer-implemented method of claim 17, further comprising:

determining, by the one or more computing devices, a transitional movement of the

robotic arm from the first path to the second path.

19. A robotic arm assembly comprising:

a base;

a utility member;

a robotic arm extending between a root end and a distal end, the root end of the robotic

arm coupled to the base and the distal end including the utility member; and

a controller operable with the base, the robotic arm, or both and comprising one or

more processors and memory, the memory storing data, the data including instructions that
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when executed by the one or more processors cause the robotic arm assembly to perform

functions, the functions including:

determining a position of the base, the root end, or both relative to an environment;

determining a task position and orientation for the utility member within the
environment;

determining a three-dimensional constraint of the environment; and

determining a path for the robotic arm through the environment based on each of the
position of the base, the root end, or both relative to the environment, the task position and
orientation for the utility member within the environment, and the three-dimensional constraint

of the environment,

wherein the task position and orientation for utility member within the environment is a

starting point or an ending point of a task, and

wherein the task is a cutting task, a welding task, or a drilling task.

20. The robotic arm assembly of claim 19, wherein the instructions further comprise
directing the robotic arm through the environment along the path determined for the robotic

arm through the environment.
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