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AUTOMATED TIRE INSPECTIONS UTILIZING
CONDUCTIVE FILAMENTS

BACKGROUND

[0001] The present disclosure relates generally to structural heaith

monitoring and, more particularly, {0 inspecting an object utilizing conductive filaments.

(00027 Depending on the field and technology, Known objects may be
routinely inspected {o determine whether any weaknesses and/or conditions that could
adversely impact and/or imil the structural health of the object have developed. Such
inspections may be completed using visually, mechanically, and/or chemically driven
technologies. For example, aircraft tires are iypically visually inspecied by cerlified
mechanics on a periodic basis to determine whether the tires are suilable for use. Such
visual inspections are often lime-consuming and, because of the subjectivity of the
inspector, such inspections may be difficull to duplicate. As a resuli, visually inspecting
each aircraft tire could create undesirable delays and/or expenses. Moreover,

assigning a certified mechanic (o each airport and/or aircraft may be cost-prohibitive.
BRIEF DESCRIPTION

[6003] In one aspect, a method is provided for monitoring a structural
health of an object. The method includes delermining a conductivity of at least one
filament associaied with the object and determining a structural heslth parameter
associated with the object based on the determined conductivity of the at least one

filament.

(00041 In another aspect, a computing device is provided for determining
a structural health of an object. The computing device is programmed o determing a
conductivity of at least one filament associated with the object, and determing a
structural health parameter associated with the object based on the determined

conductivity of the at least one filament.

(00051 In yet another aspeci, a sysiem is provided for determining a
structural health of an object. The system includes at least one filament coupled to the

object and a computing device. The at least one filament may comprise a plurality of
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filaments uniformly distributed about the circumference of the object. The computing
device is programmed to delermine a conductivity of the at least one filament
associated with the object, and determine a structural health parameter associated with
the object based on the determined conductivity of the al least one filament.
Additionally, the at least a first filament may be positioned at a first depth relative to the
object and a second filament is positioned al a second depth relalive to the object. The
system may further comprise a reader communicatively coupled to the compuling
device, wherein the computing device is further programmed {0 direct said reader {0
stimulate at least one of the first filament and the second filament. The computing
device is further programmed o determine a conductivity of at least one of the first

filament and the second filament.

[0006] The features, functions, and advantages that have been
discussed can be achieved independently in varicus embodiments of the present
invention or may be combined in yel other embodiments further details of which can be

seen with reference 1o the following description and drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[06007] FiG. 1 is a cross-sectional view of an exemplary tire that may be

inspected;

[0008] FIG. 2 is an exemplary system that may be used to monitor the

structural health of the tire shown in FIG. 1;

(00097 FiG. 3 is block diagram of an exemplary computing device that

may be used with the system shown in FIG. 2; and

[0010] FIG. 4 is & flow chart illustrating an exemplary method for
monitoring a structural health of the tire shown in FIG. 1 using the system shown in FIG.
2.

DETAILED DESCRIPTION

(0011} The subject matter described herein relates generaily o structural
health monitoring systems and more particularly 1o methods and systems for monitoring

an object utilizing conductive filaments. In one embodiment, a lire is embedded with
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conductive filaments. The electical conductivity of the conduclive filaments is
determined by the state of the fire’'s wear or damage to which the tire has been
subjected.. As such, the electrical conductivity of the conductive filamenis may be
indicative of a siructural health of the tire. Although the present disclosure is described
in the context of monitoring a fire, #t should be undersicod that the subject matter
described herein may be used in other contexis in which it is desirable to monitor a

structural health of an object.

[0012] Exemplary technical effects of the methods, systems, and
computer-readable media described herein include at least one off (a) stimulating at
least one filameni, (b) determining a conductivity of the at least one filament; {c)
determining a struclural health parameter associaled with the object based on the
determined conductivity; (d} comparing the structural health parameter to a predefined

threshold; and {e) monitoring a conlinuity of the at least one filament.

[0013] As used hersin, an element or step recited in the singular and
proceeded with the word “a8” or “an” should be understood as not excluding plural
elements or steps unless such exclusion is explicitly recited. Furthermore, references to
‘one embodiment” of the present invention or the “exemplary embodiment” are not
intended to be interpreled as excluding the existence of additional embodiments that

also incorporate the recited fealures.

[0014] FIG. 1 s a cross-sectional view of an exemplary tire 100 that may
be monitored.  Alternatively, objecis other than tire 1060 may be monitored. In the
exemplary embodiment, tire 100 has a toroidal body sized to fit about a wheel rim 110
along a circumferential axis 112, In the exemplary embodiment, tire 100 includes a
bead 120, a tread 130, and a sidewall 140 that extends between bead 120 and tread
130, Bead 120, tread 130, and sidewsll 140 extend about whes! rim 110 aslong
circumferential axis 112, In the exemplary embodiment, bead 120 and/or sidewall 140
facilitates supporting tread 130 along a radial axis 142, which enables tire 100 {©

generate traction against a surface (not shown) during use.

[00157 In the exemplary embodiment, a plurality of filaments 150 are
couplad to tire 100, In the exemplary embodiment, filaments 150 are conductive and

conduct glectricity thersthrough.  Moreover, in the exemplary embodiment, flamenis
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150 are substantially uniformiy spaced about tire 100 along circumferential axis 112, In
one embodiment, filaments 150 may be embedded within tire 100 at varying depths of
tread 130. For example, in the exemplary embaodiment, a plurality of first filaments 152
are disposed at a first depth 162, and a plurality of second filamenis 154 are disposed
at a second depth 164. Moreover, in at least some embodiments, filaments 152 and/or

154 may be positioned in varying densities.

(00161 In the exemplary embodiment, an electrical conductivity of each
filament 150 may be disrupted during the operatling life of tire 100. More specifically, in
the exemplary embodiment, as tre 100 is used and/or damaged, filament{s}) 150 may
become increasingly exposed, thus increasing a potential for wear, damage, severing,
and/or any other interference to filament 1580, As such, an electrical conductivity of
filaments 150 reduce as tire 100 wears beyond a cerigin tread depth andfor is
damaged. As described in more detall below, in the exemplary embodiment, a
structural health parameter of tire 100 may be determined based on a conductivity of
filaments 152 and/or 154.

[00177 FiG. 2 is an exemplary system 200 that may be used o monitor
the structural health of an object, such as tire 100, In the exemplary embodiment,
system 200 includes a reader 210 and a compuling device 300. In the exemplary
embodiment, reader 210 is communicalively coupled to at least one filament 150
coupled {o and/or embedded in tire 100 via an identificalion tag 220 coupled {o filament
150.

[0018] In the exemplary embodiment, reader 210 transmils an
interrogation signal toward tire 100 and, more specifically, loward identification tag 220.
Moreover, in the exemplary embodiment, reader 210 receives a response signal from
identification tag 220. in one embodiment, reader 210 is a radio frequency identification
(RFID) reader. In the exemplary embodiment, reader 210 is communicatively coupled
to computing device 300 such that communication signals may be transmitied between

reader 210 and computing device 300,

[00197 FiG. 3 is block diagram of computing device 300 including a
memaory device 310 and a processor 318 coupled 1o memory device 310 for executing

programmed instructions.  Processor 318 may include one or more processing unils
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{e.g., in a multi-core configuration}. In one embodiment, executable instructions and/or
structural health data are stored in memory device 310, For example, in the exemplary
embodiment, memaory device 310 stores software for use in interpreting the conductivity
of filaments 150 {o delermine a struclural health parameter of tire 100. Computing
device 300 is programmable to perform one or more operations dsscribed herein by
programming memory device 310 and/or processor 318, For example, processor 318
may be programmed by encoding an operalion as one or more execuiable instructions

and providing the executable instructions in memory device 310.

(00207 Processor 318 may include, but is not limited to, & general
purpose ceniral processing unit (CPU), a graphics processing unit (GPU), a
microconiroller, a reduced instruction set computer (RISC) processor, an application
specific integrated circuit {ASIC), a programmable logic circuit (PLC), and/or any other
circuit or processor capable of executing the functions described herein. The methods
described herein may be encoded as execulable instructions embodied in a computer
readable medium, including, without limitation, a slorage device and/or a memory
device. Such instructions, when execuled by a processor, cause the processor (o
perform at least a portion of the methods described herein. The above examples are
exemplary only, and thus are nol intended to limit in any way the definition and/or

meaning of the term processor.

(00217 Memory device 310, as described herein, is one or more devices
that enable information such as executable instructions and/or other data to be siored
and retrieved. Memory device 310 may include one or more compuler readable media,
such as, without limitation, dynamic random access memory (DRAM), static random
acecess memory (SRAM), a solid stale disk, and/or g hard disk. Memory device 310
may be configured o siore, without limitation, executable instructions, structural heaith
data, and/or any other type of data suilable for use with the methods and systems

described herein.

(00221 In the exemplary embodiment, computing device 300 includes a
presentation interface 320 that is coupled to processor 318, Presentation interface 320
oulputs {e.g., display, prini, and/or otherwise outputl) information, such as, bui not
limited to, configuration data, structural health data and/or any other type of data to a
user 325. For example, presentation interface 320 may include a display adapler {not
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shown in FIG. 1) that is coupled to a display device, such as a cathode ray tube ({CRT),
a lguid crystal display (LCD), a light-emitting diode (LED) display, an organic LED
{OLED) display, and/or an “slectronic ink” display. In some embodiments, presentation
interface 320 includes morg than one display device. In addition, or in the altemnative,

presentation interface 320 may include a printer.

[0023] In the exemplary embodiment, computing device 300 includes an
input inferface 330 that receives input from user 325, For example, inpul interface 330
may be configured {0 receive an indication of structural health dala and/or any other
type of data suilable for use with the methods and sysiems described hersin.  As
described in further detail below, computing device 300 uses the received input {o
monitor a structural health of tire 100, In the exemplary embodiment, inpul interface
330 is coupled to processor 318 and may include, for example, a keyboard, a pointing
device, a mouse, a sivius, a touch sensitive panel {e.g., & touch pad or a touch screen),
a gyroscope, an acceleromeler, a position detecior, and/or an audio input interface. A
single component, such as a touch screen, may function as both a display device of

presentation interface 320 and as input interface 330,

(00241 In the exemplary embodiment, computing device 300 includes a
communication interface 335 coupled to memory device 310 andior processor 318.
Communication interface 335 is coupled in communication with a remole device, such
as another computing device 300. For example, communication interface 335 may
include, without limitation, a wired network adapter, a wireless network adapter, andfor

a mobile telecommunicalions adapter.

(00257 FIG. 4 is a flow chart dllustrating an exemplary method 400 for use
in monitoring a structural health of tire 100, Initislly, in the exemplary embodiment,
computing device 300 is programmed to direct reader 210 to transmil 410 an
interrogation signal toward tire 100. In the exemplary embodiment, at least one
identification tag 220 is stimulated 420 by transmission 410 {o fransmit a response
signal toward reader 210, Particularly, in the exemplary embodiment, the response
signal includes conductivity data associaled with at least one filament 150. More
particularly, in the exemplary embodiment, filamenis 152 and/or 154 are each coupled
o an identification tag 220 that transmils a respective response signal associated with
filament 152 and/or 154.

e
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[6026] In the exemplary embodiment, reader 210 receives 430 a
response signal transmitted by at least one identification tag 220. For example, in one
embodiment, computing device 300 may determine whether any identification tag 220
associated with filamenis 152 and/or 154 has transmitled a response signal.  In the
exemplary embodiment, the response signal includes conductivity data that may be

used by computing device 300 {o determing a conductivity of filament 150.

(00277 Based on the conductivity of filament 1580, in the exemplary
embodiment, compuling device 300 determines a siructural health parametisr
associated with tire 100, The structural health parameter may include an object status,
a remaining useful life, andfor a presence of an anomaly. In the exemplary
embodiment, each filament 150 may be associated with a predelermined tread depth o
facilitate determining the sitructural health parameter. For example, in the exemplary
embodiment, computing device 300 may determine that tire 100 has a “PASS” siatus if
filaments 152 and 154 have a suitable conductivity, a "WARNING” status if any of
filaments 152 and 154 has a suilable conductivity and any of filaments 152 and 154
does not have a suilable conductivity, or a "REPLACE” siatus if none of filamenis 152 or

154 has a suitable conductivity.

(00287 In one embodiment, the structural health parameler may be
comparad (0 at least one predefined threshold associated with the structural heaith
parameter to enable the object stalus, the remaining useful life, and/or the presence of
an anomaly 1o be determined. Moreover, in al least some embodiments, the structural
health parameter may be automatically updated and/or stored within memory device
310.

[0029] The above-described systems and methods facilitate
automatically moniioning an object to delermine whether any weakness and/or condition
that could potentially impact the structural health of the object has developed. As such,
the embodiments described herein facilitate monitoring the object in remote localions
and/or increasing an amount of time belween manual inspections. Moreover, the
embodiments described herein facilitate inspecting portions of the object thal are
visually observable. Accordingly, the embodiments described herein enable increased

flexibility and/or reduced costs.
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[6030] The exemplary sysiems and methods are not limited o the
specific embodiments described herein, but rather, components of each system and/or
steps of each method may be ulilized independently and separately from other
componernts and/or method steps described hersin. Each component and each method

step may also be used in combination with other components and/or method steps.

[0031] This written description uses examples to disclose certain
embodiments of the invention, including the best mode, and alse (o enable any person
skilled in the art to praclice those certain embodiments, 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 ocour fo
those skilled in the art. Such other examples are intended to be within the scope of the
claims if they have structural elements that do not differ from the literal language of the
claims, or if they include squivalent structural elements with insubstantial differences

from the literal language of the claims.
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WHAT IS CLAIMED 15!

1. A method for monitoring & sbructural health of an object, said

method comprising:

determining a conductivity of at least one filament associated with the

object; and

determining & structural health parameler associated with the object

based on the determined conduclivity of the at least one filament.

2. A method in accordance with Claim 1 further comprising stimulating

the at least one filament within the object.

3. A method in accordance with Claim 1, wherein at least a first
filament is posilioned at a first depth relalive to the object and at least a second filament
is positioned at a second depth relative o the object, said method further comprising

stimulating at least one of the first filamen! and the second filament.

4. A method in accordance with Claim 1, wherein at least a first
filament is positioned al a first depth relative 1o the object and al least a second filament
is positioned at a second depth relative to the cohject, said determining a conductivity
further comprising determining & conduclivity of at least one of the first filament and the

second filament.

& A method in accordance with Claim 1, wherein determining a
structural health parameter further comprises comparing the structural health parameter

{0 a predefined threshold.

B. A method in accordance with Claim 1 further comprising monitoring

a continuity of the at least one filament.

7. A computing device for use in determining a structural health of an

object, said computing device programmed to

determine a conductivity of at least one filament associated with the

object; and
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determine a structural health parameter associaled with the object based

on the determined conductivity of the at least one filament.

8. A computing device in accordance with Claim 7 communicatively
coupled to a reader, wherein said computing device is further programmed {o direct the

reader o stimulate the at least one filament within the object.

g. A computing device in accordance with Claim 7 communicatively
coupled to a reader, wherein at least a first filament is positioned at a first depth relative
to the object and al least a second filament is posilioned at a second depth relalive o
the object, said computing device further programmed to direct the reader o stimulate

at least one of the first filament and the second filament.

10, A computing device in accordance with Claim 7, wherein at least a
first filament is positioned at a first depth relative to the object and a second filament is
positioned al a second depth relative 1o the object, said compuling device further
programmaed (o delermine a conduclivity of al least one of the first filament and the

second filament.

11. A computing device in accordance with Claim 7 further

programmed to compare the structural health paramelsr 1o a predefined threshold.

12, A computing device in accordance with Claim 7 further

programmed to monitor a conlinuity of the at least one filament.

13. A sysiem for use in determining a structural health of an object,

said system comprising:
at least one filament associaied with the object; and
a computing device programmed {o:

determine a conductivity of the at least one filament associated with the

obiect; and

determine a sltructural heslth parameter associaled with the object based

on the determined conductivity of the at least one filament.

-1~
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14. A system in accordance with Claim 13 further comprising a reader
communicatively coupled {o said computing device, wherein said computing device is
further programmead (o direct the reader o stimulate the at least one filament within the

abject.

15. A system in accordance with Claim 13, whersin said computing
device is further programmed to compare the structural health parameter to a

predefined threshold and to monitor a continuity of the at least one filament.
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