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AUTOMATED TIRE INSPECTIONS UTILIZING
FLUORESCING NANO-PARTICLES

BACKGROUND

(0001l The present disclosure relates generally to structural health
monitoring and, more pardiculary, 10 inspecting an object utilizing fluorescing nano-
particles.

(00627 Depending on the field and technodogy, known objects may be
routinely inspecied to determine whether any weaknesses andfor conditions that could
adversely impact and/or limit the structural healith of the object have developed. Such
inspections may be compleled using visually, mechanically, and/or chemically driven |
technologies. For example, akrcrall tires are typically visually inspecied by certified
mechanics on a periodic basis o determing whether the lires are suilable for use. Such
visual inspections are often time-consuming and, because of the subjectivity of the
inspector, such inspections may be difficull to duplicate. As a result, visually inspacting
gach aircraft tire could create undesirable delays andior expenses. Morsover,

assigning a certified mechanic (o gach airport andfor aireraft may be cosi-prohibitive.
BRIEF DESCRIPTION

[6003] In one aspect, & method is provided for monitoring & struciural
health of an object. The method includes identifying a state of fluorescence of at least
one particle associaied with the object and delermining & structural heaith parameter
associated with the object based on the dentifisd state of fiuorsscence of the at least

one particle.

{6004} In another aspect, & computing device is provided for determining
a structural health of an object. The computing device Is programmed fo identify a state
of fluorescence of at least one particle associated with the object, and determine &
structural heaith paramelsr associated with the object based on the identified state of

fluorescence of the af least one particle.
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[0005] In vet another aspect, a system is provided for determining a
structural health of an obiect. The system includes af least one particle associated with
the object and & compuling device. The computing device Is programmed to identify a
state of fiuorescence of the at least one parlicle asscciated with the cohiect, and
determine & structural health parameter associated with the obiect based on the

identified state of fluorescence of the atl least one pariicle.

[0006] The Ieatures, funclions, and advantages that have been
discusged can be achieved independenily in various embodiments of the present
invention or may be combined in vel other embodimeants further details of which can be

seen with reference to the following descriplion and drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007; FIG. 1is a cross-sectional view of an exemplary tire that may be

inspecited;

(00081 FiG. 2 is an exemplary system that may be used to monitar the
structural health of the tire shown in FiG. 1;

(00091 FiG. 3 is block diagram of an exemplary computing device that
may be used with the system shown in FIG. 2] and

(00101 FiG. 4 is a flow chart llusirating an exemplary mathod for
monitoring a structural health of the tire shown in FIG. 1 using the system shown in FIG.
2.

DETAILED DESCRIPTION

[0011] The subject malter described herein relates generally to structural
health monitoring systems and more particularly 1o methods and systems for inspecting
an object ulilizing fluorescing nano-particles. In one embodiment, g ire is embedded
with fluorescing nano-particles, which are exposed during the operating fife of the fire.
Such exposure, in combination with appropriate stimulstion, will induce the nang-
pariicles in to a state of fiuorescence. As such, a color andfor at an intensity of the

fluorescing nanoc-particles may be indicative of a structural health of the tire. Although
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the present disclosure is described in the context of inspecting a tire, it should be
understood that the subject matier described herein may be used in other contexis in

which it is desirabie to monitor a structural health of an object.

[0612] Exemplary technical effects of the methods, systems, and
computer-readable media described herein include at least one of {8) stimulating at
ieast one particle to emit g particle signal, (b} detecting the particle signal emitted by the
at least one particle; (¢} identifying a state of fluorescence of the at least one particle;
{dy determining & structural health parameter associated with the object based on the

identified state of fluorescence; and (8) comparing the structural health parameter tc g

praedefined threshold.

(00131 As used herein, an slement or step recited in the singular and
proceeded with the word "a” or "an” should be understood as not excluding plural
glements or steps uniess such exclusion is explicitly recited. Furthermore, references io
‘one embodiment” of the present iwention or the “exemplary embodiment” are not
mtended to be interpreted as excluding the existence of additional embodiments that

also incorporate the recited fealures.

{014} FiG. 1 s g cross-sectional view of an exemplary tire 100 that may
be inspected. Alternalively, obiects other than tire 100 may be monitored. in the
examplary embodiment, fire 100 has a toroidal body sized to fit aboul a wheel rim 110
along a circumferential axis 112 {substantially perpendicular to FiG. 1, shown in FIG. 21
i the exempiary embodiment, tire 100 includes a bead 120, a tread 130, and a sidewal
140 that extends between bead 120 and tread 130, Bead 120, tread 130, and sidewal
140 extend aboul wheel rim 110 along circumfersntial axis 112, In the exemplary
embodiment, bead 120 andfor sidewall 140 facilitales supporting tread 130 along a
radial axis 142, which enables dre 100 to generate traction against a surface {not

shown}.

(00151 In the exemplary embodiment, a plurality of paricies 150 are
coupled o tire 100, In the exemplary embodiment, particies 150 are nanc-pariicles
configured to fluoresce upon stimuiation.  in one embodiment, a sitructural health
parameter of tire 100 may be determined based on a wavelength and/or an intensity of

the fluorescence of particles 150, Moreover, In at lsast some embodiments, particles
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150 may have a plurality of states of fiuorescence. For example, in the exemplary
embodiment, a plurality of first particles 152 are configured o emit a first particle signal,
a plurality of second partictes 184 are configured to emit a second particle signal, and &

piurality of third particles 156 are configured to emit a third particle signal.

[0016} in the exemplary smbodiment, parlicles 150 are substantially
uniformily disposed about tire 100 slong circumferential axis 112, In one embodiment,
particias 150 may be embedded within tire 100 at varying depths of tread 130, For
example, in the exemplary embodiment, first particles 152 are disposed at a first depth
162, second particles 154 are disposed at a second depth 164, and third particles 158
are disposed at a third depth 166, Moreover, in al least some embodiments, particies
152, 164, andfor 156 may be positioned in varying densities. As such, in the exemplary
embodiment, as tire 100 is used and/or damaged and particles 152, 154, and/or 156 are
axposed, a structural health parameter of fire 100 may be determined based on whether
particles 152, 154, and/or 156 are stimuiated fo a state of fluorescence andior a

wavealength and/or an intensity of the fluorescence,

(00171 FiG. 2 is an exemplary system 200 that may be usaed to monitor
the siructural health of an object, such as tire 100, In the exemplary embodiment,
system 200 includes g stimulator 210 configured o stimulate at least one particle 150
wito g state of fluorescence, a sensor 220 configured to detect a particle signa! emitted

by at least one particle 150, and a computing device 300,

[G0IR]  in the exemplary embodiment, stimulator 210 transmils a signal
214 and/or emits a photon toward tire 100 and, more specifically, toward particles 150,
in one embodiment, stimulator 210 is a laser and/or a light-emitting diode (LED). In the
exemplary embodiment, stimulator 210 is communicativaly coupled to computing davice
300 such thal communication signals may be ransmitted between stimulator 210 and

compuiing device 300.

(06191 in the exemplary embodiment, sensor 220 receives a signal 214
and/or deiects a photon emitted by a stimulated particle 150, For example, in one
embodiment, a stimulated particle 150 may emit a photon 214 having & wavelength
between approximalsly 380 nm and approximately 750 nm.  In such an embodiment,

photon 214 may be visibie {o the naked eye. Allernatively, in another embaodiment, the
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stimulated particie 150 may emil a photon 214 having a wavelength tess than or equal
o approximately 380 nm and/or greater than or egual to approximately 750 nm. in such
an embodiment, photon 214 may be delactable using a suitable sensor 220, in the
- exemplary embodiment, sensor 220 is communicatively coupled to computing device
300 such that communication signals may be fransmilled betwesn sensor 220 and

10 computing device 300,

{00201 FiG. 3 is block diagram of computing device 300 including a
memory device 310 and a procsssor 318 coupled to memory device 310 for executing
programmed instructions.  Processor 318 may include one or more processing units

{e.g., in 8 multi-core configuration). In one smmbodiment, executable instructions and/or
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structural health data are stored in memory device 310. For example, in the exemplary
embodiment, memory device 310 slores software for use in interpreting the wavelength
and/or the intensity of the fluorescence of particles 150 to determine & structural haalih
parameter of tire 100, Compuling device 300 is programmable to perform one or more
operaiions described herein by programming memaory device 310 andlor processor 318.
20 For example, processor 318 may be programmed by encoding an operation as one or
more exacutable instructions and providing the executable instructions In memory

device 310,

[6021] Processor 318 may include, bul is not limited o, 8 general

urpose  cenirel processing unit (CPLUY, a graphics processing  unit (GPUWY, &
H Pl 5 rs
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microcontrolier, a reduced instruction set computer (RISC) processor, an application
specific integrated cireult {(ASIC), a programmable logic circuit (PLC), and/or any other
cirouit or processor capable of executing the functions described herein. The methods
described herein may be encoded as sxecutable instructions embodied in a computer
readable medium, ncluding, without fimitation, a storage device andfor a memory
3 device. Buch instructions, when executed by 8 processor, cause the processor (o
perform at least a portion of the methods described herein. The above examples are
exemplary only, and thus are not intended to Hmit in any way the definition andfor

meaning of the term processor.

[0622]

Memory device 310, as described herein, is one or more devices
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that enable information such as sxecutable Instructions and/or other dats to be stored
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and retrieved. Memory device 310 may include ons or more computer readable media,
such as, without limifation, dynamic random access memory (DRAM), static random
access memory (3RAM), a solid state disk, andior a hard disk. Memory device 310
may be configured 1o store, without Emitation, execuiable instructions, structural health
data, and/or any other type of data suitable for use with the methods and systems

dascribed herein.

00231 In the exemplary embodiment, compuiing device 300 includes a
prasentation interface 320 that is coupled to processor 318, Presentation interface 320
outputs {e.g., display, print, and/or otherwise ouiput) information, such as, but not
imited to, configuration data, structural health data andfor any other type of data fo 2
user 325. For example, preseniation interface 320 may inciude a display adapter {not
shown in FiG, 1) that is coupled {o a display device, such as a cathode ray tube (CRT),
a Hguid crystal display (LCB) a light-emitting diode {LED) display, an organic LED
{OLED) display, and/or an “electronic Ink” display. In some embodiments, presentation
interface 320 includes more than one display device. in addition, or in the altermative,

oresentation interface 320 may include s printer,

(G024} In the exemplary embodiment, computing device 300 includes an
input interface 330 that receives input from user 325, For example, input interface 330
may be configured to receive an indication of structural health data and/or any other
type of dats suitable for use with the methods and sysiems described hersin.  As
described in further detall below, computing device 300 uses the recsived input to
monitor @ structural hesglth of tire 100, In the exemplary embodiment, input interface
330 is coupied o processor 318 and may include, for example, a keyboard, a pointing
device, a mouse, a stylus, a touch sensitive panel {e.g., a touch pad or a touch screan),
a gyroscope, an acceleromeler, a position deteclor, and/or an audic input interface, A
single component, such as & fouch screen, may function as both a display device of

presentation interface 320 and as input interface 330,

(060257 In the exemplary embodiment, computing device 300 includes a
communication interface 335 coupled to memory davice 310 andior processor 318
Communication miterface 335 is coupled in communication with a remote device, such

as stimulator 210, sensor 220, and/or another computing device 300, For example,
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communication interface 335 may inciude, without limitation, a wired network adapter, a

wireless netwark adapter, and/or a mobile telecommunications adapter.

{0026] FIG. 4's & flow chart Hlustrating an exemplary method 400 for use
w1 monioring a structural health of tire 1000 Initially, in the exemplary embodiment,
compuiing device 300 Is programmed to direct stimulator 210 fo transmit 410 a signal
212 toward tire 100, In the exemplary embodiment, at least some particles 150
embedded within tire 100, namely the exposed particles 150, are stimulated 420 by
transmission 410 {o 3 state of flucrescence. Particularly, in the exemplary embadiment,
the stimulated particles 150 fluoresce to emit a particle signal 214 having a wavslengih
and/or an intensity. More particularly, in the exemplary embodiment, paricles 152, 154,

andfor 156 are stimulated 420 to emit a respective particle signal 214.

[0027]  In the exemplary embodiment, sensor 220 detects 430 & particle
signal 214 emitied by al least one stimulated particle 150. In the exemplary
ambodiment, sensor 220 generales a sensor signal representative of the detected
particle signal, particularly the signal's wavelength and intensity, and transmits the
sensor signal o computing device 300, in the exemplary embodiment, computing
device 300 is programmed to identify 440 a state of fluorescence for particle 150 based
on the transmitied sensor signal and, thus, the detected particle signal 214, As such, in
the exemplary embodiment, computing device 300 is programmed o determine the
health of tire 100 based at lzast on the wavelength andior an intensity of the
fluorescence of particles 150. In one embodiment, computing devics 300 may

determine whether particles 152, 154, and/or 158 have emiled a particle signal.

(00281 In the exemplary embodiment, computing device 300 is
orogrammed 1o delermine 450 a structural heslth parameter for tire 100 based on the
identified state of flucrescence. The structural health parameter may include an object
status, & remaining useful life, and/or a presence of an anomaly, For example, in one
embodiment, computing device 300 may determine that tire 100 is in "PASS” siatus
and/or has a long remaining useful fife if particles 152 are fluorescing, tire 100 is in
WARNING” status andfor has a medium remaining useful life if pariicles 154 are
fluorescing, and tire 100 s in "REPLACE” status and/or has a short remaining useful life

if particles 156 are fluorescing.  In one embodiment, the siruciural health parameter
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may be compared to al least one predelfined threshold for the siructural hesith
parameter to enable the object status, the remaining useful life, and/or the presence of
an anomaly 10 be determined. Moreover, in al least some embodiments, the structural
health parameler may be automatically updated andfor stored within memory device
310,

(00291 The above-described  systems  and wethods  facilitate
automatically inspecting an object o determine whether any weakness and/or condition
that could potentially impact the structural health of the object has developed. As such,
the embodiments described herein facilifate inspecting the obiect in remote iccations
andfor increasing an amount of ime belween manual inspections.  Accordingly, the

gmbodiments described herein enable increased flexibility and/or reduced costs.

(00301 The exemplary systems and methods are not lmited to the
specilic embodiments described herein, but rather, components of each sysiem andior
steps of each method may be utilized independently and separately from other
components and/or method steps described herein. Each component and each method

step may also be used in combination with other components andfor method steps,

(06311 This written description uses examples fo disclose certain
embodiments of the invention, including the best mode, and also to enable any person
skifled in the arl to practice those cerlain embodiments, including making and using any
devices or systems and performing any incorporated methods. The pateniable scops of
the invention is defined by the claims, and may inciude other exampies thatl ocour io
those skilled in the art. Such other examples are intended io be within the scope of the
claims # they have struciural elements that do not differ from the literal language of the
claims, or if they include eguivalent structwral elements with insubstaniial differences

from the literal language of the claims.
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WHAT IS CLAIMED IS:

1. A method for monitoring a structural health of an object, said method comprising:

directing a signal towards the object that includes a first particle originally at a first depth
within the object and a second particle originally at a second deeper depth within the object,
wherein at least one of the first particle and the second particle may be exposed at a surface of
the object, wherein the signal is configured to stimulate at least one of the first particle and the
second particle to a state of fluorescence, wherein the first particle is configured to emit a first
particle signal and the second particle is configured to emit a second particle signal that is
different than the first particle signal;

receiving at least one of the first particle signal and the second particle signal as a result
of stimulating the at least one of the first particle and the second particle, wherein the
stimulation is based on which of the first and second particles are exposed at the surface of the
chiect;

identifying the state of fluorescence of the at least one of the first particle signal and the
second particle signal associated with the object based on the received at least one of the first
particle signal and the second particle signal;

determining a first structural health parameter associated with the object based on
whether only the first particle signal is received and identified; and

determining a second structural health parameter associated with the object based on

whether the second particle signal is received and identified.

2. A method in accordance with claim 1 further comprising comparing at least one of the first
and second structural health parameters {o a predefined threshold.

3. A computing device for use in determining a structural health of an object, said computing
device programmed to:

direct a signai towards the object that includes a first particle originally at a first depth
within the object and a second particle originally at a second deeper depth within the object,
wherein at least one of the first particle and the second particle may be exposed at a surface of
the object, wherein the signal is configured to stimulate at least one of the first particle and the
second particle {o a state of fluorescence, wherein the first particle is configured to emit a first
particle signal and the second particle is configured to emit a2 second particie signai that is

different than the first particle signal;
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receive at least one of the first particle signal and the second particle signal as a result of
stimulating the at least one of the first particle and the second particlie, wherein the stimulation is
based on which of the first and second particles are exposed at the surface of the object;

identify the state of fluorescence of the at least one of the first particle signal and the
second particte signal associated with the object based on the received at least one of the first
particle signal and the second particle signal;

determine a first structural health parameter associated with the object based on
whether only the first pariicle signal is received and identified; and
determine a second structural health parameter associated with the object based on whether
the second particle signal is received and identified.

4. A computing device in accordance with claim 3 communicatively coupled tc a sensor, said
computing device further programmed to receive a sensor signal representative of the one of

the first particle signal and the second particle signal emitted by the first and second particies.

5. A computing device in accordance with claim 3 further programmed to compare at least one

of the first and second structural health parameters io a predefined threshold.

6. A system for use in determining a structural health of an object, said system comprising:

a first particle originally at a first depth within the object and a second particle originally
at a second deeper depth within the object, wherein the first and second particles may be
exposed at a surface of the object;

a stimulator configured to direct a signal towards the object such that at least one of the
first particie and the second particle is stimulated to a state of fluorescence;

a sensor configured {o detect a particle signal emitied by at least one of the first particie
and {he second particle; and

a computing device programmed to;

instruct the stimulator to direct the signal towards the object, wherein the first particle is
configured to emit a first particle signal and the second particle is configured fo emit a second
particle signhal that is different than the first particie signal;

receive, from the sensor, at least one of the first particle signal and the second particle |
signal as a result of stimulating the at least one of the first particie and the second particle,
wherein the stimulation is based on which of the first and second particies are exposed at the

surface of the objsect;
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identify the state of fluorescence of the at least one of the first particle signal and the
second particie signal associated with the object based on the received at ieast one of the first
particle signal and the second particle signat;

determine a first structural health parameter associated with the object based on
whether only the first particle signal is received and identified; and

determine a second structural health parameter associated with the object based on

whether the second particie signal is received and identified.

7. A system-in accordance with claim 6, wherein said computing device is further programmed
to compare at least one of the first and second siructural health parameters to a predefined
threshold.

8. A method for monitoring a structural health of a tire, said method comprising: _

directing a signal towards the tire that includes a first particle originally at a first depth
within the tire and a second particle originally at a second deeper depth within the tire, wherein
at least one of the first particle and the second particle may be exposed at a surface of the tire,
wherein the signal is configured to stimulate at least one of the first particle and the second
particle to a state of fluorescence, wherein the first particle is configured to emit a first particie
signal and the second particle is configured to emit a second particle signal that is different than
the first particle signal;

receiving at least one of the first particle signal and the second particle signal as a resuit
of stimulating the at least one of the first particle and the second particle, wherein the
stimulation is based on which of the first and second particles are exposed at the surface of the
tire;

identifying the state of fluorescence of the at least one of the first particle signal and the
second particle signal associated with the tire based on the received at least one of the first
particle signal and the second particle signal;

determining a first structural health parameter associated with the tire based on whether
only the first particle signal is received and identified; and

determining a second structural health parameter associated with the tire based on

whether the second particie signal is received and identifiad.

9. A method in accordance with claim 8 further comprising comparing at ieast one of the first

and second structural health parameters o a predefined threshold.
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