METHODS, APPARATUSES, AND STORAGE MEDIATO

TRACK ENGINE COMPONENTS

FIELD OF THE DISCLOSURE
[0001] This disclosure relates generally to turbine engened, more particularly, to

methods, apparatuses, and storage media to trgakeetomponents.

BACKGROUND

[0002] In recent years, turbine engines have been incrglggitilized in a variety of
applications and fields. Turbine engines are iateanachines with extensive availability,
reliability, and serviceability requirements. Turbiengines include rotors with fan blades.
The rotor and fan blades rotate at high speed alpskesjuently compress the air flow. The
high-pressure compressor then feeds the presswaizédw to a combustion chamber to
generate a high-temperature, high-pressure gasstr©ne characteristic of a rotor is
balance. The balance of the rotor correspondsetdotcation of the center of mass of the
rotor with respect to the geometric center of thten. The closer the center of mass is to the
geometric center, the more balanced the rotoDising implementation, balanced rotors
have less vibration than unbalanced rotors, theledning to less probability of damage or
error, larger lifespan, etc. During manufacturamgl/or maintenance, different components
(e.g., modules) of a turbine engine may be detaahddvorked on and/or replaced in the

same or a different turbine engine.



BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 illustrates an example gas turbine engiaé ¢hn be utilized within an
aircraft in which the examples disclosed hereinlmaimplemented.

[0004] FIG. 2 illustrates an example system to track pafrtee gas turbine engine of
FIG. 1.

[0005] FIG. 3 is a block diagram of the example computiagice and the example
cloud-based server of FIG. 2.

[0006] FIGS. 4-5 is a flowchart representative of examnmpéehine readable
instructions that may be executed by example psarasrcuitry to implement the example
computing device of FIG. 3.

[0007] FIGS. 6A-6B is a flowchart representative of exaenplachine readable
instructions that may be executed by example psarasrcuitry to implement the example
could-based server of FIG. 3.

[0008] FIGS. 7 and 8 are flowcharts representative of gt@machine readable
instructions that may be executed by example psarasrcuitry to implement the example
RFID tags, the example computing device, and tlaenge could-based server of FIGS. 2
and/or 3.

[0009] FIG. 9 is a block diagram of an example procesplatform including
processor circuitry structured to execute the exammachine readable instructions of FIGS.
4-8 to implement the example computing device antth® example cloud-based server of
FIGS. 2 and/or 3.

[0010] FIG. 10 is a block diagram of an example implemigmeof the processor
circuitry of FIG. 9.

[0011] FIG. 11 is a block diagram of another example im@etation of the

processor circuitry of FIG. 9.



[0012] The figures are not to scale. Instead, the thiskrmod the layers or regions
may be enlarged in the drawings. In general, #ineesreference numbers will be used
throughout the drawing(s) and accompanying writtescription to refer to the same or like
parts. As used in this patent, stating that amy(eag., a layer, film, area, region, or plate) is
in any way on (e.g., positioned on, located orpased on, or formed on, etc.) another part,
indicates that the referenced part is either irtadrwith the other part, or that the referenced
part is above the other part with one or more maatiate part(s) located therebetween.
Connection references (e.g., attached, coupledhemtad, and joined) are to be construed
broadly and may include intermediate members betwaemllection of elements and relative
movement between elements unless otherwise indica#e such, connection references do
not necessarily infer that two elements are diyambhnected and in fixed relation to each
other. Stating that any part is in “contact” wéthother part means that there is no
intermediate part between the two parts. Althotnghfigures show layers and regions with
clean lines and boundaries, some or all of thesss land/or boundaries may be idealized. In
reality, the boundaries and/or lines may be unoladde, blended, and/or irregular.

[0013] Descriptors “first,” “second,” “third,” etc. are ed herein when identifying
multiple elements or components which may be reéeto separately. Unless otherwise
specified or understood based on their contexsef such descriptors are not intended to
impute any meaning of priority, physical order maagement in a list, or ordering in time
but are merely used as labels for referring to iplelielements or components separately for
ease of understanding the disclosed examplesontie €xamples, the descriptor “first” may
be used to refer to an element in the detailedrigé®mn, while the same element may be
referred to in a claim with a different descripsoich as “second” or “third.” In such
instances, it should be understood that such gescsiare used merely for ease of

referencing multiple elements or components.
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DETAILED DESCRIPTION

[0014] In the following detailed description, referencernade to the accompanying
drawings that form a part hereof, and in whichhisven by way of illustration specific
examples that may be practiced. These examplateargibed in sufficient detail to enable
one skilled in the art to practice the subject eratind it is to be understood that other
examples may be utilized. The following detailedatgtion is therefore, provided to
describe an exemplary implementation and not taken limiting on the scope of the
subject matter described in this disclosure. Qeffeatures from different aspects of the
following description may be combined to form yetwnaspects of the subject matter
discussed below.

[0015] When introducing elements of various embodimenthefpresent disclosure,

the articles “a,” “an,” “the,” and “said” are intdad to mean that there are one or more of the

elements. The terms “comprising,” “including,” aftdhving” are intended to be inclusive

and mean that there may be additional elements tithe the listed elements.

[0016] As used herein, the terms “system,” “unit,” “modufengine,” “component,”
etc., may include a hardware and/or software sysit@toperates to perform one or more
functions. For example, a module, unit, or systeay mclude a computer processor,
controller, and/or other logic-based device thafggens operations based on instructions
stored on a tangible and non-transitory computadable storage medium, such as a
computer memory. Alternatively, a module, unitsgstem may include a hard-wires device
that performs operations based on hard-wired lofjtbe device. Various modules, units,
engines, and/or systems shown in the attachedeiguay represent the hardware that

operates based on software or hardwired instrugtithie software that directs hardware to

perform the operations, or a combination thereof.
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[0017] A turbine engine, also called a combustion turlsina gas turbine, is a type of
internal combustion engine. Turbine engines arensonty utilized in aircraft and power-

generation applications. As used herein, the téasset,” “aircraft turbine engine,” “gas

turbine,” “land-based turbine engine,” and “turberggine” are used interchangeably. A basic
operation of the turbine engine includes an intkieesh atmospheric air flow through the
front of the turbine engine with a rotor that irgs fans. In some examples, the air flow
travels through an intermediate-pressure compressambooster compressor located between
the fan and a high-pressure compressor. The boastguressor is used to supercharge or
boost the pressure of the air flow prior to theflaw entering the high-pressure compressor.
The air flow can then travel through the high-poessompressor that further pressurizes the
air flow. The high-pressure compressor includesoag of blades (e.g., fans) attached to a
shaft. The blades spin at high speed and subsdyguaentpress the air flow. The high-
pressure compressor then feeds the pressurizédvaito a combustion chamber. In some
examples, the high-pressure compressor feeds éisspized air flow at speeds of hundreds
of miles per hour. In some instances, the combust@mber includes one or more rings of
fuel injectors that inject a steady stream of fo& the combustion chamber, where the fuel
mixes with the pressurized air flow.

[0018] In the combustion chamber of the turbine engine ftiel is ignited with an
electric spark provided by an igniter, where thel,fin some examples, burns at temperatures
of more than 2000 degrees Fahrenheit. The resudtntbustion produces a high-
temperature, high-pressure gas stream (e.g., Ingbwustion gas) that passes through another
group of blades called a turbine. In some exampléstbine includes an intricate array of
alternating rotating rotors and stationary airim@lstion rotors. Alternatively, the turbine can

be structured with adjacent rotating rotors origtetry airfoil section rotors, or in any

combination of alternating or adjacent airfoil-sectblades. As the hot combustion gas
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passes through the turbine, the hot combustiorexpands, causing rotating blades of the
rotating rotors to spin. The rotating blades ofbating rotors serve at least two purposes. A
first purpose of the rotating blades is to drive booster compressor and/or the high-pressure
compressor to draw more pressured air into the ogtidn chamber. For example, the

turbine is attached to the same shaft as the higkspre compressor in a direct-drive
configuration, thus, the spinning of the turbinesms the high-pressure compressor to spin.
A second purpose of the rotating blades is to agenerator operatively coupled to the
turbine section to produce electricity. For examfie turbine can generate electricity to be
used by an aircraft, a power station, etc.

[0019] In the example of an aircraft turbine engine, gi@ssing through the turbine,
the hot combustion gas exits the aircraft turbingiee through a nozzle at the back of the
aircraft turbine engine. As the hot combustion gxts the nozzle, the aircraft turbine engine
and the corresponding aircraft coupled to the aft¢urbine engine are accelerated forward
(e.g., thrusted forward). In the example of a laaded turbine engine, after passing through
the turbine, the hot combustion gas is dissipaiedd to generate steam, etc.

[0020] When a gas turbine engine is created, generallgitferent modules (e.qg.,
system, sub-system, section, parts, componentiieand/or line replaceable units
(LRUSs)) are created at different locations (e.gthiw the same facility or at different
facilities). A LRU is a component that is desigriede easily removed, inspected, and/or
replaced for maintenance purposes. In some examgteor recycled parts, modules,
components, LRUs, etc. may be used in part of agesaturbine engine. Additionally, when
a gas turbine engine goes through scheduled osdoeduled maintenance and/or inspection,
the parts, modules, components, LRUSs, etc. of #setgrbine engine may be disassembled
and move to different locations for inspection anghaintenance. To be able to track the

individual parts and/or components of an engineigethe engine is assembled and/or while
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the engine is disassembled, an identifier may hegal and/or marked on the modules of the
gas turbine engine (e.g., a serial number). Howexacking parts electronically by serial
number can lead to user error (e.g., entering tloegvserial number), thereby causing
inaccurate engine module information. Such inaateuinformation can potentially be
dangerous. For example, if a user enters an iecoserial number that is used to track when
a module is to be replaced, a module that doesomply the safety standards may
inadvertently be used in an airplane.

[0021] Radiofrequency identification (RFID) tags are usettack components
easily, quickly, and more accurately. For examBIELD tags can be placed on items to be
tracked, and a scanner can scan the RFID tagadi tine items based on a response from the
RFID tag. Additionally, the RFID tag may storet&téanformation (e.g., parts list, etc.),
manufacturer information, maintenance informatiemg(, how to inspect, maintain, and/or
replace a part), etc.) and/or historical informatfe.g., flight history information, inspection
history information, maintenance history informatietc.) so that the information
corresponding to the gas turbine engine and/oriddal modules of the gas turbine engine
can be tracked. However, some of the modulesgaisaurbine engine (e.g., limited life parts
(LLPs)) are exposed to extremely high temperatanekor pressures, which damage the
RFID tags and/or any other electronic tracking congmts placed therein. Accordingly,
placing an RFID tag on modules that are exposédgto temperatures and/or sufficient
pressure will not be functional to track the modudéter a single flight.

[0022] Examples disclosed herein provide a cloud-basdthique for tracking
turbine engines and/or components, parts, moduRds, and/or LLPs of turbine engines
using RFID tags, regardless of where the RFID $ggaced (e.g., in high temperature
modules or low temperature modules). Although epamdisclosed herein are described in

conjunction with RFID technology, examples disctbberein may be utilized with any type
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of wireless protocol technology (e.g., near fiebdnenunication (NFC), Bluetooth low energy
(BLE), Wi-Fi, etc.). Examples disclosed hereiregrate RFID tags with LRUS, bar codes,
markings, embedded sensor technologies, etc. fduhas that are exposed to high
temperature or low temperature. Examples disclbseein track part information included
identifiers, serial numbers, supplier informatiomnufacturer information, parts list,
timestamps, maintenance data, historical data, feugiber of flight, hours of use, number
and/or type of maintenance/inspection, etc.),tetcontribute to a flexible system that can
respond to unknown field issues more efficiently &mprovide near real-time information
on the components in a fleet of planes. Accordingdta are retrieved from a data lake
available and associated to a tracked part ofasterUsing examples disclosed herein,
engine parts (e.g., including high temperatureg)adn be tracked, located, monitored, etc.
at any point in time using a cloud based approa@ase engine part maintenance,
scheduling, improve manufacturing and maintenafffacgecy, etc., resulting in a more
efficient and safer use of gas turbine engines.

[0023] FIG. 1 is a schematic illustration of an example gabine engine 102. The
example gas turbine engine 102 includes an exaocopéegas turbine engine 106, an example
fan section (e.g., also referred to as a fan, ateooor booster module) 108, an example
outer casing 110, an example annular inlet 112xample booster compressor module 114,
an example high-pressure, multi-stage, axial-flampressor module (e.g., also referred to
as a multi-stage compressor, a high pressure chrambeh pressure compressor module, a
high pressure module, and/or an axial-flow compmgskl6, an example combustor module
118, a first example turbine module 120, a firsraple drive shaft 122, a second example
turbine module 124, a second example drive shdft 42 example exhaust nozzle 128, an
example axial-flow fan rotor assembly 130, an exi@mapnular fan casing 132, example

guide vanes 134, example fan rotor blades 136xample downstream section 138, an
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example airflow conduit 140, an example speed raoludevice 142, an example inlet 150,
and example combustion products 158.

[0024] FIG. 1 is a cross-sectional view of the engine a2 can be utilized within
an aircraft in accordance with aspects of the dgsad examples. The gas turbine
engine 102 is shown having a longitudinal or ag@iterline axis 104 extending throughout
the gas turbine engine 102 for reference purpdsessed herein, the terms “axial” and
“longitudinal” both refer to a direction paralle the centerline axis 104, while “radial”
refers to a direction perpendicular to the axiegction, and “tangential” or “circumferential”
refers to a direction mutually perpendicular to éixéal and radial directions. As used herein,
the terms “forward” or “front” refer to a locatiorlatively upstream in an air flow passing
through or around a component, and the terms tafttear” refer to a location relatively
downstream in an air flow passing through or arcaieemponent. The direction of this flow
is shown by an arrow 148 in FIG. 1. These directia@arms are used merely for convenience
in description and do not require a particularmagion of the structures described thereby.
The example centerline axis 104 represents the gimnaenter of rotors (e.g., including the
example rotor assembly 130).

[0025] The engine 102 of FIG. 1 includes the core gadnarengine 106 and the fan
section 108 positioned upstream thereof. The casetgrbine engine 106 can generally
include the substantially tubular outer casing ttiQ defines an annular inlet 112. In
addition, the outer casing 110 can further enctosesupport the booster compressor 114
(e.g., also referred to a booster module or boasterpressor module) for increasing the
pressure of the air that enters the core gas widmgine 106 to a first pressure level. The
high-pressure, multi-stage, axial-flow compressi# ¢an then receive the pressurized air
from the booster compressor 114 and further ineréas pressure of such air to a second

pressure level. Alternatively, the high-pressuralthstage compressor 116 can be a high-
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pressure, multi-stage centrifugal compressor dgla-pressure, multi-stage axial-centrifugal
compressor.

[0026] In the illustrated example of FIG. 1, the presdiair exiting the high-
pressure compressor 116 can then flow to the commbwL$8 within which fuel is injected
into the flow of pressurized air, with the resudtimixture being combusted within the
combustor 118. The high-energy combustion prodaregirected from the
combustor 118 along the hot gas path of the erif)@eto the first (high-pressure)
turbine 120 for driving the high-pressure compredd® via the first (high-pressure) drive
shaft 122, and then to the second (low-pressurbkint 124 for driving the booster
compressor 114 and fan section 108 via the sedondpfessure) drive shaft 126 that is
generally coaxial with first drive shaft 122. Afteriving each of the turbines 120 and 124,
the combustion products can be expelled from tie gas turbine engine 106 via the exhaust
nozzle 128 to provide propulsive jet thrust.

[0027] In some examples, each of the compressor moduteslls can include a
plurality of compressor stages, with each stagkidicg both an annular array of stationary
compressor vanes and an annular array of rotatingpressor blades (e.g., rotors that are part
of the compressor) positioned immediately upstreéthe compressor vanes. Similarly, each
of the turbines 120, 124 can include a pluralityusbine stages, each stage including both an
annular array of stationary nozzle vanes and anlanarray of rotating turbine blades
positioned immediately downstream of the nozzleegan

[0028] Additionally, as shown in FIG. 1, the fan sectid8Xbf the engine 102 can
generally include the rotatable, axial-flow fanaoassembly 130 (e.g., also referred to as
rotor) that is configured to be surrounded by theuwar fan casing 132. The fan
casing 132 can be configured to be supported vel&bi the core gas turbine engine 106 by

the plurality of substantially radially-extendingrcumferentially-spaced outlet guide
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vanes 134. As such, the fan casing 132 can enttledan rotor assembly 130 and its
corresponding fan rotor blades 136. Moreover, thergtream section 138 of the fan
casing 132 can extend over an outer portion ottne gas turbine engine 106 to define the
secondary, or by-pass, airflow conduit 140 thatjgles additional propulsive jet thrust. A
detailed example of the fan rotor blades 136 ithturdescribed below in conjunction with
FIG. 2.

[0029] In some examples, the second (low-pressure) dhis $26 is directly
coupled to the fan rotor assembly 130 to provid@ect-drive configuration. Alternatively,
the second drive shaft 126 can be coupled to thedi@mr assembly 130 via the speed
reduction device 142 (e.g., a reduction gear orleq to provide an indirect-drive or geared
drive configuration. Such a speed reduction desicedn also be provided between any other
suitable shafts and/or spools within the engined®#@esired or required.

[0030] During operation of the engine 102, an initialfeow (indicated by
arrow 148) can enter the engine 102 through thecésged inlet 150 of the fan casing 132.
The air flow 148 then passes through the fan rolades 136 and splits into a first
compressed air flow (indicated by arrow 152) thawes through conduit 140 and a second
compressed air flow (indicated by arrow 154) wheclers the booster compressor 114. The
pressure of the second compressed air flow 19#eis increased and enters the high-pressure
compressor 116 (as indicated by arrow 156). Afteding with fuel and being combusted
within the combustor 118, the combustion produ&® éxit the combustor 118 and flow
through the first turbine 120. Thereafter, the castion products 158 flow through the
second turbine 124 and exit the exhaust nozzldd p8ovide thrust for the engine 102.

[0031] FIG. 2 illustrates a system for tracking the exargigine 102 of FIG. 1. The
example engine 102 includes the example fan setfi@ne.g., the low pressure), the

example high pressure chamber 116, the examplewstonil18, the example high pressure
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turbine 120, and the example lo pressure turbidectFIG. 1. FIG. 2 further includes RFID
tags 200a, 200b-1, 200b-2, 200c-1, 200c-2, 20@HAd-2, 200e-1, 200e-2, an example
RFID scanner 202, an example computing device &9d,an example cloud-based server
206.

[0032] The example RFID tags 200a, 200b-1, 200b-2, 20@8Q¢-2, 200d-1, 200d-
2, 200e-1, 200e-2 of FIG. 2 are RFID tags thatudelone or more identifiers (e.g., unique
identifier (UID), serial number, etc.). The RFl&gs 200a, 200b-1, 200c-1, 200d-1, 200e-1
are placed in/on each of the modules 116, 118,124, The duplicate tags 200b-2, 200c-2,
200d-2, 200e-2 placed on and/or in the fan or lewd<d8 store the one or more identifiers of
the corresponding tags 200b-e on the respectivaile®d 16, 118, 120, 124. The tags 200a,
200b-1, 200b-2, 200c-1, 200c-2, 200d-1, 200d-2e2D®00e-2 may also store other
information, such as static information, parts listnufacture information, maintenance
information, etc. Although the tags 200a, 200240Qb-2, 200c-1, 200c-2, 200d-1, 200d-2,
200e-1, 200e-2, may not store other informatioohsas static information, parts list,
manufacture information, maintenance informatido,, @vhen a technician scans the RFID
tags 200a, 200b-2, 200c-2, 200d-2, 200e-2, thenieieim can become aware of the
information corresponding to the engine 102 viadloeid-based server 206 to help the
technician perform the inspection and/or mainterarteor example, after the technician
scans the RFID tags 200a, 200b-2, 200c-2, 2000%-2, the computing device 204 can
send the identification information correspondiaghe engine 102 and/or modules 108, 116,
118, 120, 124 to the example cloud-based servet®@6termine the information
corresponding to the engine 102 and provide thi@mmation back to the computing device
204 so that the technician can use the informdtoservice and/or maintenance. Although

the example tags 200a, 200b-1, 200b-2, 200c-1,-20@60d-1, 200d-2, 200e-1, 200e-2 are
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RFID tags, the tags may be implemented with ang tfpwired or wireless communication
protocol (e.g., NFC, BLE, Wi-Fi, etc.).

[0033] During assembly of the example engine 102 of FI@h& different modules
of the engine (e.g., modules 108, 116, 118, 120) ai& put together by one or more
machines and/or technicians. During the assemiblggss, the one or more machines and/or
technicians place the RFID tags 200a-e on/in e&ttreanodules 108, 116, 118, 120, 124.
Additionally, the one or more machines and/or téghns place duplicate RFID tags 200b-e
on/in the example fan section 108. Because theutasd 16, 118, 120, 124 are high
temperature modules, the corresponding tags 200b-24)l likely become destroyed after
one or more flights. Accordingly, the duplicatgg®200b-e are placed in the lower
temperature module 108 so that after a flightcaneian can scan the duplicate tags to
identify the corresponding high temperature modulsier each flight, during maintenance
and/or during inspection, the modules 108, 116, 128, 124 may be disassembled and
moved to different locations. To track the modulés, 116, 118, 120, 124 while
disassembled, one or more machines and/or techgsiwid replace the damaged RFID tags
200a-200e on the high temperature modules andaephe duplicate tags on the fan or
booster module 108 so that the module 108 canraomtio include tags corresponding to
each module of the engine 102. Additionally, sanmalules may be due for replacement
after a threshold number of flights and/or houreperation. However, if the RFID tags
200b-200e are being replaced after one or moretfljgluring maintenance, during
inspection, etc., the identifier of the correspoigdinodule is likewise constantly changing.
Accordingly, the example cloud-based server 20é&kg@and maintains a history of the engine
102 and/or the individual modules 108, 116, 118, 124 based on the ever changing
identifiers of the tags 200a-200e and/or changeaules, as further described below. The

example cloud-based server 206 monitors the chgnaarts or assembly in conjunction with
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changing identifiers as a transactional changecoAtingly, the cloud-based server 206 can
track the history of an engine and the parts theasia blockchain and/or other distributed
ledger.

[0034] The RFID scanner 202 of FIG. 2 scans the tags Ziliy-1, 200b-2, 200c-1,
200c-2, 200d-1, 200d-2, 200e-1, 200e-2 on the elaemine 102 as part of assembly,
maintenance, and/or inspection. The example RE&Drser 202 outputs an electromagnetic
field that powers the tags 200a, 200b-1, 200b-2¢210 200c-2, 200d-1, 200d-2, 200e-1,
200e-2 via an antenna to cause the tags 200a, 2@lBb-2, 200c-1, 200c-2, 200d-1, 200d-
2, 200e-1, 200e-2 to output information (e.g.,dhe or more identifiers) back to the RFID
scanner 202. A machine and/or a technician RF#Dser 202 may scan the tags to identify
what parts are in the engine 102 and/or to obtewn identifiers (e.g., when a tag or module
is replaced) that can be sent to the cloud-basedrs206. The example RFID scanner 202
transmits the obtained information from the onenore tags 200a, 200b-1, 200b-2, 200c-1,
200c-2, 200d-1, 200d-2, 200e-1, 200e-2 to the el@ogmputing device 204 (e.g., via a
wired or wireless communication).

[0035] The example computing device 204 of FIG. 2 providssructions and/or
recommendations regarding the assembly, inspe@iadipr maintenance of the engine 102.
For example, the computing device 204 includesea imserface to guide the technician on
the steps needed for the cloud-based server 206 able to track the engine 102 and the
corresponding modules 108, 116, 118, 120, 124 an real time. During assembly, the
computing device 204 gathers the information reléatethe engine 102, the modules 108,
116, 118, 120, 124, and the tag information andstrats the data to the cloud-based server
206. During maintenance, the computing devicer@@y identify parts of the engine 102 to
be inspected, replaced, etc. Additionally, the potimg device facilitates the placement of

one or more new RFID tags in the modules 116, 128, 124 and/or duplicate RFID tags in
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the fan or booster module 108 (e.g., because omeue of the RFID tags 200b-1-200e-1
have been damaged). After modules and/or RFIDaegseplaced during maintenance, the
computing device 204 uses the RFID scanner 202a0 the new RFID tags to provide the
updated identifiers and/or updating module infoiorato the example cloud-based server
206. The example computing device 204 can be gputen mobile phone, a tablet, and/or
any other type of computing device. The examplamating device 204 is further described
below in conjunction with FIG. 3.

[0036] The example cloud-based server 206 of FIG. 2 trHukexample engine 102
and the modules 108, 116, 118, 120, 124 via theahanging RFID tags 200a, 200b-1,
200b-2, 200c-1, 200c-2, 200d-1, 200d-2, 200e-1e2D€hat are placed on/in the one or more
modules 108, 116, 118, 120, 124. For examplessarably, the cloud-based server 206
obtains information (e.g., via a wired or wirelessnmunication) related to the engine 102
and the modules 108, 116, 118, 120, 124 that mpkbaiengine 102 (e.g., RFID identifiers,
maintenance information, maintenance history infaron, manufacturer information, flight
information, etc.) and generates an entry in aldesta that identifies the engine 102 with the
modules 108, 116, 118, 120, 124, the identifiethefRFID tags 200a, 200b-1, 200b-2,
200c-1, 200c-2, 200d-1, 200d-2, 200e-1, 200e-2aayccorresponding information (e.g.,
maintenance information corresponding to the mal@8, 116, 118, 120, 124, maintenance
history of the to the modules 108, 116, 118, 124, parts lists for the to the modules 108,
116, 118, 120, 124, flight history of the to thedutes 108, 116, 118, 120, 124, location of
the engine 102, etc.). During maintenance, thédR¥elnner 202 scans the RFID tag(s) of
the engine 102 to identify the engine 102 and tréspof the engine entering maintenance.
For any module that is replaced during maintendeag, due to be used for more than a
threshold number of flights and/or due to inspegtithe cloud-based server 206 receives an

indication that the module has been replaced addtep the entry for the engine 102 to
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remove the identifier, maintenance data, histony.(@umber of flights, number of
maintenance, hours of use, etc.), and any othec si@a from the database and creates a new
entry based on the new module with a new RFID tagsome examples, the cloud-based
server 206 provides an alert to the computing @e2®1 to inform the computing device 204
that one or more of the modules should be inspetédbr replaced based on the
maintenance records, history, etc. If a moduleisreplaced, but the RFID tag is replaced,
the cloud-based server 206 obtains an indicatidheofiew RFID tag and finds the entry
corresponding to the module and removes the ptamtifier(s) for the module and adds new
identifier(s) corresponding to the new RFID tag kvimaintaining the maintenance data,
history data, and/or any other static data (egrabse the module is the same but the
identifier has changed). Thus, the cloud-basedes@06 can store real-time information
related to engines, individual modules of engiaesl the information corresponding to the
engine and/or modules of the engine. The exaniplalebased server 206 is further
described below in conjunction with FIG. 3.

[0037] FIG. 3 is a block diagram of the example computagice 204 and the
example cloud-based server 206 of FIG. 2. The gl@computing device 204 includes an
example interface(S) 300, an example instructiderd@nation circuitry 302, and an
example user interface 304. The example cloudebsserer 206 includes an interface 306,
an example database control circuitry 308, andxamele engine database 310.

[0038] The example interface(s) 300 of FIG. 3 obtain infation from the RFID tags
200a-200e-2 via the example RFID scanner 202.ekample, the interface(s) 300 obtains
RFID tag identifiers for the modules of the englf®2 along with any information obtained
or determined by the computing device 204. Addauity, the example interface(s) 300
transmits and/or receives information from the eplencloud-based server 206. For

example, the interface(s) 300 may transmit inforamatorresponding to the RFID in
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conjunction with the engine 102 to the example dtbased server 206. Additionally, the
interface(s) 300 may obtain information from theutl-based server 206 such as
maintenance history, flight history, etc. for eamsbdule. The computing device 204 can use
the maintenance history, flight history, etc. tbedmine how to perform maintenance on the
corresponding module and/or whether to replacedhnesponding module. For example, if
a particular module should be replaced after Bhfl, the cloud-based server 206 may
determine if the module has reached the 50 flightssend an indication that the module is
to be replaced to the example computing devicevi®#he interface(s) 300. The interface(s)
300 may be one interface to communicate with thEbRI€anner 202 and the cloud-based
server 206. In some examples, the interface(snd0be one interface to communicate
with the RFID scanner 202 and one interface to camaate with the cloud-based server
206.

[0039] The example instruction determination circuitry 33FIG. 3 determines
which instructions to display to the techniciandzhen the context of a scan. For example,
during assembly, the instruction determinationwitry 302 can develop instructions to
inspect and scan new and/or used parts of the @d§i®, write the scanned information in an
RFID tag, place the RFID tags on the correspondindules 108, 116, 118, 120, 124 of the
engine 102, copy the RFID tags on the high temperahodules 116, 118, 120, 124 to the
fan or booster module 108, and scan the RFID tagh@fan or booster modules 108.
During maintenance, the example instruction deteation circuitry 302 can scan or develop
instructions to scan an incoming engine 102, desahd/or inspect the module(s) 108, 116,
118, 120, 124, replace unserviceable module RFIB, tscan unserviceable modules, scan
replacement parts, and place new RFID tags on neMoaexisting modules. The example
instruction determination circuitry 302 transmhg instructions to the example user interface

304.
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[0040] The user interface 304 of FIG. 3 displays instauttiand/or obtains feedback
from the user. For example, the user interfaced®dlays the instructions developed by the
example instruction determination circuitry 302neluser interface 304 can wait for a
confirmation that a particular instruction has bperformed by the technician. Additionally,
the user interface may question whether the te@migould like to perform maintenance
and/or replace a module based on the inspectitimeaiser. The user interface 306 can
include a screen, touchscreen, or other visuat@tdr, as well as a device to provide
feedback to the instruction determination circuBf2 (e.g., the touchscreen, a mouse, a
keyboard, etc.).

[0041] The example interface 306 of FIG. 3 obtains infdrareobtained by and/or
determined by the example computing device 204.ekample, the interface 306 can
receive information stored in the RFID tags of ¢éimgine 102 to be able to generate a new
entry (e.g., for a new assembly), track (for usediates), and/or update information
corresponding to the engine 102 and/or the modif8s 116, 118, 120, 124 of the engine
102. Additionally, the interface 306 transmitsadtd the example computing device 204.
For example, the interface 306 may transmit thenteaance history and/or flight history for
module(s) of a scanned engine to the computingcde204 and/or may transmit an indication
that the module should be inspected/maintainedparacular way and/or replaced (e.qg.,
based on a determination according to the maintenprotocol, maintenance history, and/or
flight history). Although the example of FIGS. 2HB8strate a single computing device and a
single cloud-based server, there may be multipheprding devices communicating with
multiple cloud based servers.

[0042] The example database control circuitry 308 of A@enerates new entries
corresponding to new engines and/or tracks andémntains information related to engines

and/or modules of engines for a fleet of planest éxample, when a new engine is
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assembled, the database control circuitry 308 tiigeengine and/or module information
(e.g., including RFID identifiers) to create a nemiry in the example engine database. The
entry identifies the engine, the modules, identifief the corresponding RFID tags for the
modules, information corresponding to the engird@modules (e.g., manufacturer, parts
list, etc.), maintenance parameters for the indiaidnodules (e.g., how to maintain/inspect,
when to replace, etc.), maintenance history feridividual module(s) (e.qg., initialized to
null when new), flight history of the individual rdole(s) (e.g., number of flights, number of
flight hours, etc., initialized to null when nevgcation of the engine, and/or a timestamp of
when the engine was assembled and/or scanned. iMhemgine 102 is undergoing
maintenance and/or inspection (e.g., after onearerflights), the module(s) can be
inspected, worked on, and/or replaced. Additionalie RFID tags in the high temperature
modules are replaced during maintenance and/oeatigm. Accordingly the identifier(s)
linked to the module can change during every maaree and/or inspection. Accordingly,
when the engine 102 is undergoing maintenanceeatism, and/or during operation the
identifier corresponding to the module(s) will chgarand the computing device 204 will
provide the updated identifier(s). For module#ifa} are not replaced, the database control
circuitry 308 replaced the old, out-of-date idaets for the corresponding modules with new
identifiers, while maintaining the data correspargdio the module (e.g., maintenance
history, flight history, inspection history, timastps, static data (e.g., manufacture
information, parts list, maintenance informatiotc, g etc.) If a module is replaced, the
database control circuitry 308 removes and/or \gsitite data corresponding to the old
module to data corresponding to a new module.ekample, the maintenance history, flight
history, inspection history, timestamps, statiadatc. for the old module is deleted and the

maintenance history, flight history, inspectiontbig, timestamps, static data, etc. for the
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new module is added to the entry. If the new medhals never been used in an engine, the
maintenance history, flight history, and/or timesps may be initiated to a null value.

[0043] The example engine database 310 of FIG. 3 stoeestitained information
from the example computing device 204. The endatabase 310 can includes entries for
every engine and/or module in operation in a fedgtlanes. Thus, a processing device can
access the engine database 310 to determine ayalerate a report including the location
and/or status of every engine and/or every engioguhe across the fleet and identify
maintenance history, upcoming module replacemant¥or any other information related to
the engines of the fleet.

[0044] While an example manner of implementing the comrmgutievice 204 and/or
the cloud-based server 206 of FIG. 2 is illustrateBIG. 3, one or more of the elements,
processes and/or devices illustrated in FIG. 3 beagombined, divided, re-arranged,
omitted, eliminated and/or implemented in any otliay. Further, the example interface
300, the example instruction determination cirgu02, the example user interface 304, the
example interface 306, the example database canitoolitry 308, the example engine
database 310, and/or, more generally, the exanopiguating device 204 and/or the cloud-
based server 206 of FIG. 3 may be implemented gweae, software, firmware and/or any
combination of hardware, software and/or firmwaféwus, for example, any of the example
interface 300, the example instruction determimatiocuitry 302, the example user interface
304, the example interface 306, the example dagatxasrol circuitry 308, the example
engine database 310, and/or, more generally, thegbe computing device 204 and/or the
cloud-based server 206 of FIG. 3 could be impleettbly one or more analog or digital
circuit(s), logic circuits, programmable processirprogrammable controller(s), graphics
processing unit(s) (GPU(s)), digital signal proce&s (DSP(s)), application specific

integrated circuit(s) (ASIC(s)), programmable lodavice(s) (PLD(s)) and/or field
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programmable logic device(s) (FPLD(s)). When regdiny of the apparatus or system
claims of this patent to cover a purely softward/anfirmware implementation, at least one
of the example interface 300, the example instoactietermination circuitry 302, the
example user interface 304, the example interf@ée e example database control circuitry
308, the example engine database 310, and/or, gemerally, the example computing device
204 and/or the cloud-based server 206 of FIG.a88ediereby expressly defined to include a
non-transitory computer readable storage devistavage disk such as a memory, a digital
versatile disk (DVD), a compact disk (CD), a Bly-isk, etc. including the software and/or
firmware. Further still, the computing device 284d/or the cloud-based server 206 of FIG.
3 may include one or more elements, processes rateNaes in addition to, or instead of,
those illustrated in FIG. 3, and/or may include entbran one of any or all of the illustrated
elements, processes and devices. As used hdreiphtase “in communication,” including
variations thereof, encompasses direct communitainal/or indirect communication

through one or more intermediary components, amd dot require direct physical (e.g.,
wired) communication and/or constant communicatinr,rather additionally includes
selective communication at periodic intervals, sithed intervals, aperiodic intervals, and/or
one-time events.

[0045] Flowcharts representative of example hardware Jogachine readable
instructions, hardware implemented state machered/or any combination thereof for
implementing the computing device 204 and/or tleidibased server 206 of FIG. 3 are
shown in FIGS. 4-8. The machine readable instonstmay be one or more executable
programs or portion(s) of an executable programekacution by a computer processor
and/or processor circuitry, such as the proceskdis@own in the example processor
platform 900 discussed below in connection with G The program may be embodied in

software stored on a non-transitory computer reladstbrage medium such as a CD-ROM, a
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floppy disk, a hard drive, a DVD, a Blu-ray disk,aamemory associated with the processor
912, but the entire program and/or parts thereolccalternatively be executed by a device
other than the processor 912 and/or embodiedrmifare or dedicated hardware. Further,
although the example program is described withresiee to the flowchart illustrated in
FIGS. 4-8, many other methods of implementing thaputing device 204 and/or the cloud-
based server 206 of FIG. 3 may alternatively beluser example, the order of execution of
the blocks may be changed, and/or some of the bldekcribed may be changed, eliminated,
or combined. Additionally or alternatively, anyalt of the blocks may be implemented by
one or more hardware circuits (e.g., discrete andtegrated analog and/or digital circuitry,
an FPGA, an ASIC, a comparator, an operational-diep{op-amp), a logic circuit, etc.)
structured to perform the corresponding operatidhout executing software or firmware.
The processor circuitry may be distributed in défg& network locations and/or local to one
or more devices (e.g., a multi-core processorsimgle machine, multiple processors
distributed across a server rack, etc.).

[0046] The machine readable instructions described henaynbe stored in one or
more of a compressed format, an encrypted formfaagmented format, a compiled format,
an executable format, a packaged format, etc. Maaleadable instructions as described
herein may be stored as data or a data structuye gertions of instructions, code,
representations of code, etc.) that may be utilinexteate, manufacture, and/or produce
machine executable instructions. For examplemthehine readable instructions may be
fragmented and stored on one or more storage deaitd/or computing devices (e.g.,
servers) located at the same or different locatadrasnetwork or collection of networks (e.g.,
in the cloud, in edge devices, etc.). The macteaeable instructions may require one or
more of installation, modification, adaptation, afidg, combining, supplementing,

configuring, decryption, decompression, unpackistribution, reassignment, compilation,
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etc. in order to make them directly readable, prietiable, and/or executable by a computing
device and/or other machine. For example, the magaleadable instructions may be stored
in multiple parts, which are individually compredsencrypted, and stored on separate
computing devices, wherein the parts when decrygtecompressed, and combined form a
set of executable instructions that implement anmare functions that may together form a
program such as that described herein.

[0047] In another example, the machine readable instnugtioay be stored in a state
in which they may be read by processor circuitiy, lequire addition of a library (e.g., a
dynamic link library (DLL)), a software developmékit (SDK), an application programming
interface (API), etc. in order to execute the stions on a particular computing device or
other device. In another example, the machineat@adnstructions may need to be
configured (e.g., settings stored, data input, netvaddresses recorded, etc.) before the
machine readable instructions and/or the correspgmrogram(s) can be executed in whole
or in part. Thus, machine readable media, as kisezin, may include machine readable
instructions and/or program(s) regardless of thréquéar format or state of the machine
readable instructions and/or program(s) when storedherwise at rest or in transit.

[0048] The machine readable instructions described heggirbe represented by any
past, present, or future instruction languagepsod language, programming language, etc.
For example, the machine readable instructions lmeagpresented using any of the
following languages: C, C++, Java, C#, Perl, PytRlavaScript, HyperText Markup
Language (HTML), Structured Query Language (SQW)iftSetc.

[0049] As mentioned above, the example processes of FI@&Snay be
implemented using executable instructions (e.gnmder and/or machine readable
instructions) stored on a non-transitory computel/ar machine readable medium such as a

hard disk drive, a flash memory, a read-only memargompact disk, a digital versatile disk,
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a cache, a random-access memory and/or any otragstdevice or storage disk in which
information is stored for any duration (e.g., fate:nded time periods, permanently, for brief
instances, for temporarily buffering, and/or foclemg of the information). As used herein,
the term non-transitory computer readable mediuexpessly defined to include any type of
computer readable storage device and/or storageadito exclude propagating signals and
to exclude transmission media.

[0050] “Including” and “comprising” (and all forms and s thereof) are used
herein to be open ended terms. Thus, wheneveaira employs any form of “include” or
“comprise” (e.g., comprises, includes, comprisingluding, having, etc.) as a preamble or
within a claim recitation of any kind, it is to lb@derstood that additional elements, terms,
etc. may be present without falling outside thepgcof the corresponding claim or recitation.
As used herein, when the phrase "at least" is asdle transition term in, for example, a
preamble of a claim, it is open-ended in the sarapmar as the term "comprising” and
“including” are open ended. The term “and/or” whesed, for example, in a form such as A,
B, and/or C refers to any combination or subs&t,d8, C such as (1) A alone, (2) B alone,
(3) C alone, (4) A with B, (5) A with C, (6) B wit@, and (7) A with B and with C. As used
herein in the context of describing structures, ponents, items, objects and/or things, the
phrase "at least one of A and B" is intended terred implementations including any of (1)
at least one A, (2) at least one B, and (3) at leas A and at least one B. Similarly, as used
herein in the context of describing structures, ponents, items, objects and/or things, the
phrase "at least one of A or B" is intended toré&da@mplementations including any of (1) at
least one A, (2) at least one B, and (3) at leastAd and at least one B. As used herein in the
context of describing the performance or executibprocesses, instructions, actions,
activities and/or steps, the phrase "at least 6rieamd B" is intended to refer to

implementations including any of (1) at least ong? at least one B, and (3) at least one A
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and at least one B. Similarly, as used hereihéncbntext of describing the performance or
execution of processes, instructions, actionsyiéies and/or steps, the phrase "at least one of
A or B" is intended to refer to implementationsluting any of (1) at least one A, (2) at least
one B, and (3) at least one A and at least one B.

[0051] As used herein, singular references (e.g., “a”,“dist”, “second”, etc.) do
not exclude a plurality. The term “a” or “an” @gtias used herein, refers to one or more of
that entity. The terms “a” (or “an”), “one or mérand “at least one” can be used
interchangeably herein. Furthermore, although iddially listed, a plurality of means,
elements or method actions may be implemented.fy,asingle unit or
processor. Additionally, although individual feas may be included in different examples
or claims, these may possibly be combined, andhttiesion in different examples or claims
does not imply that a combination of features isfeasible and/or advantageous.

[0052] FIG. 4 is a flowchart representative of example Inrae readable instructions
400 which may be executed to by the example comgutevice 204 to facilitate assembly of
a new engine. Although the instructions 400 asedieed in conjunction with the computing
device 204 and the engine 102 of FIGS. 1, 2 arRl/thre instructions 400 may be described
in conjunction with any type of computing devicetitack any type of device that includes
modules exposed to high temperatures.

[0053] At block 402, the example instruction determinatmeuitry 302 determines
if one or more new parts labelled with an identife.g., serial number) has arrived at a
facility. For example, when new parts for a newgiea have arrived at the facility, the
technician indicates that the new part(s) has/laasreed using the example user interface
304. If the example instruction determination gingy 302 determines that a new part has

not arrived (block 402: NO), control returns todkat02. If the example instruction

determination circuitry 302 determines that a newt pas arrived (block 402: YES), the
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example instruction determination circuitry 302ilitettes the inspection and scanning the
part(s) of the engine 102 and/or the modules 108, 118, 120, 124 via the user interface
304 (block 404). The engine 102 and/or the modilss 116, 118, 120, 124 can be scanned
to identify serial numbers, identifiers, and/or anlyer information related to the engine 102
and/or the modules(s) 108, 116, 118, 120, 124e¢tigine.

[0054] At block 406, the example instruction determinatiicuitry 302 writes the
scanned information of part(s) of the RFID tag tiplicate RFID tag via the user interface
304. For example, any identification informatidrtloe parts and/or modules (e.qg., identifiers
of the RFID tags) can be written into duplicate Bf&g so that the information is stored in
fan or booster 108 and can be read by a scanaeyaioint in time. For example, if the
module that is being assembled is a high temperatmdule, the example instruction
determination circuitry 302 instructs generatioraafuplicate RFID tag that will be placed on
the low-temperature fan or booster module 108. dumicate RFID tag includes the same
information as the RFID tag placed on the high terajure module.

[0055] At block 407, the example instruction determinatbmeuitry 302 instructs
application of the RFID tags to the correspondiragoies of the engine 102 via the user
interface 304. For example, the instruction debeation circuitry 302 instructs the
application of the RFID tag 200b-1 that correspaadtie module 116 in/on the example
module 116. Additionally, the instruction detertiion circuitry 302 instructs application of
the duplicate RFID tag 200b-2 that correspondieéatodule 116 in/on the example fan or
booster module 108. At block 408, the exampleruasion determination circuitry 302
instructs the assembly of the engine 102 via tlee inderface 304.

[0056] At block 410, the example instruction determinatiicuitry 302 scans the
RFID tag(s) (e.g., using the RFID scanner 202§lemiify and/or verify the tracked parts list

per engine module (e.g., the modules of the entd2¢ via the user interface 304. At block
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412, the example interface 300 transmits the RRfBrimation corresponding to the scan(s)

of the RFID tag(s) and/or information obtained bg tomputing device 204 via entry from a
technician (e.qg., identifiers, manufacture inforimat maintenance information, flight history
information, timestamps, and/or other static antlistorical information) to the example
cloud-based server 206. In some examples, onliddwdifiers of the RFID tags are sent to
the cloud-based server 206 and the cloud-basedrs&d8 determines that other information
based on the identifiers. As further describedWwethe cloud-based server 206 generates an
entry in an engine database 310 to be able to &amdkmonitor the engine 102 and/or the
modules 108, 116, 118, 120, 124 that make up tgmeri02.

[0057] FIG. 5 is a flowchart representative of example Imrae readable instructions
500 which may be executed to by the example comgutevice 204 facilitates the
performance of maintenance and/or inspection afregine after flight by providing
instructions and/or suggestions. Although therutgtons 500 are described in conjunction
with the computing device 204 and the engine 10RIGfS. 1, 2 and/or 3, the instructions
500 may be described in conjunction with any typeocmputing device to track any type of
device that includes modules exposed to high teatyess.

[0058] At block 502, the example instruction determinatiicuitry 302 scans the
incoming engine 102 using the example RFID sca@@2rvia the user interface 304. For
example, the instruction determination circuitr23gans the RFID tags 200a, 200b-2, 200c-
2, 200d-2, 200e-2 on the fan or booster moduleusd®y the RFID scanner 202 via the
interface 300. At block 504, the example interfa®@ transmits the scanned information
(e.g., RFID identifiers) to the cloud-based se2@8. As further described below, the
example cloud-based server 206 updates the histatéc(e.g., number of maintenance per
module and/or engine, number of flights per moduid/or the engine, flight hours per

module and/or the engine, etc.) based on the trigteshscan information (e.g., identifiers).
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[0059] At block 506, the example instruction determinatmeuitry 302 facilitates
the disassembly and/or inspection the modules 108,118, 120, 124 of the engine 102 via
the user interface 304. Accordingly, problems waitte or more parts of the module(s) 108,
116, 118, 120, 124 that involve maintenance anéfglacement can be identified. For each
module 108, 116, 118, 120, 124 (blocks 507-523)jristruction determination circuitry 302
determines if a tracked module will be replaced¢kl508). For example, the instruction
determination circuitry 302 can determine thatagked module is to be replaced when the
technician identifies (e.g., via the user interf806d) an issue that cannot be repaired
according to one or more standards (e.g., safathydards). Additionally, the instruction
determination circuitry 302 can determine thaiaakrmodules is to be replaced when the
cloud-based server 206 indicates that the modslesbe replaced based on the maintenance
information and the historic information. For exas) if the maintenance information
indicates that a module should be replaced aftiereshold number of flights, a threshold
number of hours of use, and/or after a thresholduarnof time (e.g.X months since first
implemented), the cloud-based server 206 may deterthe history of the module to see if
the module is due to be replaced based on thehtbis). In some examples, the computing
device 204 determines whether the thresholds ainibeules are satisfied based on
maintenance information and/or historic data olg@ifrom the cloud-based server 206.

[0060] If the instruction determination circuitry 302 detenes that a tracked module
will be replaced (block 508: YES), control contisue block 516, as further described
below. If the instruction determination circui8@2 determines that a tracked module will
not be replaced (block 508: NO), the example imsions determination circuitry 302
determines if maintenance for the module is todropmed (block 510). The example
instruction determination circuitry 302 may detemmif the maintenance for the module is to

be performed based on feedback from the techn(eian, via the user interface 304), the
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maintenance information, maintenance history, fligktory, etc. (e.g., from the cloud-based
server 206). For example, the maintenance infoomahay indicate that particular
maintenance is to be performed after a threshatabewn of flights and the instruction
determination circuitry 302 may compare the histafrthe module to determine if the
threshold is satisfied. If the example instructialetermination circuitry 302 determines that
maintenance for the module is not to be perfornbdatk 510: NO), control continues to
block 514.

[0061] If the example instructions determination circui®d2 determines that
maintenance for the module is to be performed &®: YES), the example interface 300
transmits the maintenance information to the exarojdud-based server 206 (e.g., via a
wired or wireless communication) (block 512). Addk 514, the example instructions
determination circuitry 302 facilitates replacemtr® unserviceable module tag (e.qg., if
implemented in a high temperature module or nottional) with a new module tag and a
duplicate module tag in/on the fan or booster medi@8, and control continues to block 523.
If the instruction determination circuitry 302 detenes that a tracked module will be
replaced (block 508: YES), the example instructletermination circuitry 302 scans the
RFID tag of the unserviceable module to be replasag the example RFID scanner 202
(block 516). The RFID of the unserviceable modsilscanned so that that computing device
204 can communicate (e.g., to the cloud-based 5208 which module is being replaced
from the engine 102.

[0062] At block 518, the example instruction determinatiicuitry 302 scans the
replacement module using the example RFID scar®2(&g., for identifiers) so that the
computing device 204 can identify the replacemendue. At block 520, the example
interface 300 transmits the scanned replacementii@maaformation to the cloud-based

server 206. The replacement module informatiotuthes the identifier(s) of the module that
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was replaced and the information related to th&aognent module. As further described
below, the cloud-based sever 206 finds the entryhi® replaced module in the engine
database 310, deletes the information relatedetogplaced module and adds the information
from the replacement module in the entry. Thus,itifiormation for the engine 102 in the
cloud-based server 206 remains up-to-date. AkB@2, the example instruction
determination circuitry 302 facilitates the prirgiand/or placement module RFID tag on the
replacement module and a duplicate RFID tag (;wguding the same information) on the
fan or booster 108. The new RFID tag may incluggidentification information (e.g., UID,
serial number, etc.)

[0063] At block 524, after the modules have been inspechadhtained, replaced,
and/or reassembled in the example engine 102 xdma@e instruction determination
circuitry 302 scans the RFID tags of the examphediabooster and/or the modules using the
example RFID scanner 202 to ensure that the camedule(s) are included in the correct
engine (e.g., a final check). The example computievice 204 can verify that the RFID tags
correspond to the expected modules for the endgl@e In some examples, the computing
device 204 transmits the scanned information tekanple cloud-based server 206 and the
cloud based server verifies that the RFID tagsespond to the expected modules for the
engine 102. Accordingly, at block 526, the examplerface 300 transmits the scanned
RFID tag information to the server 206.

[0064] FIGS. 6A and 6B illustrate a flowchart represenabtf example machine
readable instructions 600 which may be executdxy tine example cloud-based server 206
of FIG. 3 to execute a track modules(s) for engimiglsin a fleet of planes in the cloud.
Although the instructions 600 are described in goajion with the cloud based server 206 in
the example environment of FIG. 2, the instructi6@8 may be described in conjunction

with any type of computing device in any type o¥ieonment.
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[0065] At block 602, the example database control cirgl808 determines
information has been obtained related to a newnenigiiild. For example, the database
control circuitry 308 identifies if new informatidmas been obtained from the interface 306.
As described above, the computing device 204 tréagiata related to a new engine build
when a new engine is being and/or has been assgmlbldhe example database control
circuitry 308 determines that the interface 306 tatsobtained information related to a new
engine (block 602: NO), control continues to blédk, as further described below. If the
example database control circuitry 308 determihasthe interface 306 has obtained
information related to a new engine (block 602: Y,EBe example database control circuitry
208 generates a new engine entry in the exampleedgtabase 310 based on an engine
identifier from the obtained information (block §04At block 606, the example database
control circuitry 308 fills the new entry using rdiers (e.g., the engine identifier, the
module identifier(s), RFID identifier(s), etc.) mdd information (e.g., time stamp, age,
manufacturer, initial test results, parts lisigffii history, maintenance information,
maintenance history, inspection history, etc.),jieaghformation (e.g., type of plane the
engine is implemented in, parts list for engin@ely of modules that can be implemented in
the engine, location, timestamp of assembly, e#tc), At block 608, the example database
control circuitry 308 initiates any engine and/avdule(s) tracking information for new
entries to zero (e.g., if the corresponding modiileew). For example, the database control
circuitry 308 initiates the flight count, flight hes, number of maintenances/inspections, etc.
for the engine and the new module(s) to zero.n& or more of the module(s) has previously
been used, the cloud-based server 206 finds tmespmmding data from the cloud-based
server 206 and adds the data to the module enttihémew engine entry.

[0066] If the example database control circuitry 308 doasobtain information

related to a new build (block 602: NO), the exangatabase control circuitry 308
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determines if the interface 306 obtained infornratielated to engine maintenance via a
wireless communication (block 610). As describbdve, after one or more flights, the
engine 102 is inspected and/or undergoes maintertanone or more technicians and/or
machines. During the inspection and/or maintenatheemaintenance history, flight history,
and/or inspection history for the engine 102 antliermodules 108, 116, 118, 120, 124 of
the engine 102 are updated at the cloud-basedrs29@do provide an up-to-date history of
the engine 102 and/or modules 108, 116, 118, 124, If the example database control
circuitry 308 determines that the interface 306 matsobtained information related to engine
maintenance (block 610: NO), control returns tackl602. If the example database control
circuitry 308 determines that the interface 306ot#d information related to engine
maintenance (block 610: YES), the example databaseol circuitry 308 identifies an entry
in the example database 310 that corresponds toramere identifier(s) corresponding to
the engine 102 from the obtained information (bl6&R). For example, the database control
circuitry 308 may extract information from data keis obtained via a wireless
communication and process the information to idetiie one or more identifier(s) and/or
any other obtained information corresponding toethgine 102.

[0067] At block 614, the example database control cirgl808 updates the historic
data for the engine 102 and/or the modules 108, 11%, 120, 124. For example, the
maintenance data is for the engine 102 and/or thauias 108, 116, 118, 120, 124 is updated
to correspond to the current maintenance/inspe¢dan, increment the number of
maintenances/inspections, increment the flight taets.). At block 616, the example
database control circuitry 308 determines whetinerar more parts are to be replaced and/or
maintained based on the historic data and mainteniaformation. In some examples, the
maintenance information may mandate and/or suglasa particular part is to have

particular maintenance performed after a threshaldber of flights and/or inspections. In
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some examples, the maintenance information may atartdat a module is to be replaced
after a threshold number of flights, inspectiomsj/ar maintenances. Accordingly, the
database control circuitry 308 uses the histofiermation and the maintenance information
to determine whether a module and/or part is dueetmspected, maintained, and/or
replaced.

[0068] At block 618, the example interface 306 transnafdacement, inspection,
and/or maintenance suggestions and/or requirenf@ndse or more parts of the engine 102
to the computing device 204. At block 620, theregke database control circuitry 308
determines if maintenance has been performed oommomere parts and/or modules of the
engine 102 (e.g., based on information sent fragrettample computing device 204). If the
example database control circuitry 308 determihasrmaintenance has not been performed
on one or more parts and/or modules of the endi@g(lilock 620: NO), control continues to
block 624 of FIG. 6B. If the example database imircuitry 308 determines that
maintenance has been performed on one or moregrattsr modules of the engine 102
(block 620: YES), the example database controldingz 208 updates the maintenance
history of the engine 102 and/or one or more madl@8, 116, 118, 120, 124 based on the
performed maintenance (block 622). For exampleaitenance is performed on the
module 116, the database control circuitry 308gaatate the entry for the module 116 to
identify the maintenance, the parts maintenantiey@stamp for the maintenance, reason for
the maintenance (e.g., threshold number of fligletsults of inspection from the technician,
etc.) and/or any other information related to trentenance.

[0069] At block 624, the example database control cirgl808 determines if one or
more modules of the engine 102 were replaced dummigtenance (e.g., based on
information obtained via a wireless communicatimnf the computing device 204). For

example, the database control circuitry 308 extlata from data packets obtained via a
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wireless communication to determine whether tha datludes an indication that one or
more modules of the engine 102 was replaced.eleample database control circuitry 308
determines that one or more modules of the endi@enas not replaced during maintenance
(block 624: NO), control continues to block 63@thie example database control circuitry
308 determines that one or more modules of thenentP2 was replaced during maintenance
(block 624: YES), the example database controlding 308 deletes the information
corresponding to the module(s) that is/are beiptaped (block 626). Because the module is
being replaced, the information corresponding eorttodule is no longer relevant in the entry
corresponding to the engine 102. In some examitlesnformation that is removed from

the entry is stored in a different location in #rggine database 310 so that the information is
available if the module is used in a different eegat a different point in time.

[0070] At block 628, the example database control cirglB08 queries the engine
database 310 to find information that correspondbée replacement module(s) based on one
or more identifiers of the module. For example pgreviously used module was removed
from a plane and sent for maintenance and/or risiuntient, the database control circuitry
308 identifies the historical data and static ddténe previously used mode that may have
been removed from an entry corresponding to aneetmgine but may still be stored in the
engine database 310. Accordingly, if the modulater used in a different engine, the
example database control circuitry 308 can iderhig/entry in the database 310 and utilize
the information as part of the engine in which itih@dule is set to be implemented. If the
example database control circuitry 308 finds amyetrresponding to the replacement
module in the database 310, then the informatioresponding to the replacement module is
added to the entry of the engine in the examplabdaste 310. If the example database control

circuitry 308 does not find an entry correspondimg¢he replacement module in the database
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310, then the module is new and the informatiortiermodule in the engine entry is
initialized as a new entry in the example datal3dge

[0071] If the example database control circuitry 308 datees that the information
related to the replacement module(s) are founcck&30: YES) because the module was
previously used in a different engine, the exandaliabase control circuitry 308 adds the
static and historical information of the modulehe engine entry for the replacement
module(s) (block 632). The static and/or histdricBormation may include information
corresponding to the replacement module(s) in tmeesponding entry in the engine database
310. For example, the maintenance informatiortferreplacement module, the
maintenance/inspection history for the replacemardule, the flight history for the
replacement module, a parts list for the replaceémmadule, manufacturer information for
the module, a timestamp of the replacement, ehuis;lthe entry for the engine includes all
the information of the replacement module. If éxample database control circuitry 308
determines that the information related to theaegment module(s) has not been found
(block 630: NO) because the module is new, the @kaatabase control circuitry 308
initiates the information for the replacement medul the entry for the engine(block 632).
For example, the example database control circ8@8/includes any obtained static
information corresponding to the new module antiatés the historical information to zero.

[0072] At block 636, the example interface 306 obtainsriéw identifier(s) from the
new RFID tags for the modules of the engine 108.déscribed above, after each flight, the
RFID tags for the high temperature modules are dacha Accordingly, during maintenance
and/or inspection, the RFID tags are replacediembtodules (e.g., even modules that are not
replaced) and the identifier corresponding to eaoldule changes during every
maintenance/inspection. Thus, new identifiers ladllobtained for every module (e.g., old

modules and new modules). At block 638, the exardptabase control circuitry 308
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updates the identifier information for the modus@s(f the engine 102 based on the new
obtained identifiers while maintaining the histod&ta and static data so that the modules can
be tracked even when the identifier is everchanging

[0073] FIG. 7 is a communication flowchart representatizexample machine
readable instructions 700 which may be executdyy tihe RFID tags 200a-200e-2, the
computing device 204, and the cloud-based serv@dRfing assembly of a new engine.
Although the instructions 700 are described in goajion with the RFID tags 200a-200e-2,
the computing device 204, and the cloud-based s@f&of FIGS. 2 and/or 3, the
instructions 700 may be described in conjunctioth\any type of tag, computing device,
and/or server.

[0074] At block 702, the example computing device 204 ioistanformation
corresponding to the engine 102 and/or the modif8s116, 118, 120, 124 that make up the
engine 102. The information may be identificatioformation and/or any other static
information related to the engine 102 and/or thelahes 108, 116, 118, 120, 124. At block
704, the example computing device 204 facilitabesgeneration and/or placement of the
RFID tags for the modules. As described aboveRRID tags are placed on each module
and include identifiers and/or static informatietated to the RFID tag. Additionally,
duplicate RFID tags of the tags on the high tempeeamnodules are placed on the fan or
booster module 108. At block 706, the example ading device 204 scans the RFID tag(s)
on the modules to obtain and/or verify the inforimastored in the RFID tags.

[0075] At block 708, the example RFID tags 200a-200e-2smat the stored
information to the example computing device 204.black 710, the example computing
device 204 transmits the engine and/or module mé&ion to the example cloud-based server
206. The cloud-based server 206 uses the infoomédi track the engine 102 and/or the

modules 108, 116, 118, 120, 124 that make up tgmeri02. At block 710, the example
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cloud-based server 206 generates a new entry ientiee database 310 based on the
obtained information.

[0076] FIG. 8 is a communication flowchart representatizexample machine
readable instructions 800 which may be executdyy tihe RFID tags 200a-200e-2, the
computing device 204, and the cloud-based serv@tra@k modules during inspection
and/or maintenance. Although the instructions &@0described in conjunction with the
RFID tags 200a-200e-2, the computing device 204 tha cloud-based server 206 of FIGS.
2 and/or 3, the instructions 800 may be describhambnjunction with any type of tag,
computing device, and/or server.

[0077] At block 802, the example computing device scaesRRID tags of the
engine 102 (e.g., the RFID tags on the fab boastatule 108) when the engine reaches the
location for inspection and/or maintenance. Atkl804, the RFID tags 200a-200e-2
transmit the stored information to the computingice 204. At block 806, the example
computing device transmits the scanned informatahe server 206, thereby allowing the
server 206 to determine that the engine 102 hapleded one or more flights and is
currently being inspected/maintained.

[0078] At block 810, the example cloud-based server 2@atgs the historical
information corresponding to the engine 102 antllermodules 108, 116, 118, 120, 124 in
response to receiving the scanned informationblétk 812, the example cloud-based server
206 determines inspection and/or replacement reardations based on the historical
information and the maintenance information oféhe or more modules. For example, if
the maintenance information for a module statesahmodule should be replaced after 20
flights, the cloud-based server 206 analyzes th®iical information for the module to see if

the 20 flight threshold has been reached to gemeragplacement recommendation.
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Additionally, the maintenance information may idgnivhen and/or how to inspect
particular parts of the modules.

[0079] At block 814, the example cloud-based server 28@stmits the inspection
and/or replacement recommendations to the exarophpuating device 204. At block 816,
the example computing device inspect and/or replte modules(s) based on the
recommendation. At block 818, after the modulessHaeen inspected, maintained, replaced,
and/or reassembled into the engine 102, the examopiguting device 204 scans the RFID
tag(s) of the engine 102 to obtain new RFID idéstsf for the module(s) of the engine 102.
At block 822, the example RFID tags 200a-200e-2stmait the stored information including
any identifiers to the computing device 204. Aidi 824, the example computing device
204 generates information related to the newlyiabthRFID tag identifiers.

[0080Q] If the computing device 204 determines that oneore modules has been
replaced (block 826: YES), the computing device §@derates information related to the
replaced module and the replacement module (bl@8l 8For example, the computing
device 204 includes an indication of the replacerasrwell as any information (identifiers,
statis information, mystical information, etc.)atdd to the replacement module. At block
830, the example computing device 204 transmitgémerated information (e.g., new
identifiers and/or replacement module informatitm)he example cloud-based server 206.
At block 832, the example cloud-based server 2@tatgs the entry for the engine and/or
modules based on the obtained information, as itbestcabove in conjunction with FIGS.
6A-6B.

[0081] FIG. 9 is a block diagram of an example procestifqrm 900 structured to
execute the instructions of FIGS. 4-8 to implentaetexample computing device 204 and/or
the cloud-based server 206 of FIGS. 2 and/or 3 pgrbcessor platform 900 can be, for

example, a server, a personal computer, a wor&stadi self-learning machine (e.g., a neural
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network), a mobile device (e.g., a cell phone, arsphone, a tablet such as an iPda
personal digital assistant (PDA), an Internet appe, or any other type of computing
device.

[0082] The processor platform 900 of the illustrated exienmmcludes a processor
912. The processor 912 of the illustrated exangphardware. For example, the processor
912 can be implemented by one or more integratedits, logic circuits, microprocessors,
GPUs, DSPs, or controllers from any desired familynanufacturer. The hardware
processor may be a semiconductor based (e.ggrsiiased) device. In this example, the
processor 912 implements at least one of the ngenface 304, the instruction determination
circuitry 302, and/or the database control cirgu®®8 of FIGS. 1 and/or 2.

[0083] The processor 912 of the illustrated example iredual local memory 913
(e.g., acache). Inthe example of FIG. 9, thalloeemory 913 implements the example
engine database 310 of FIG. 3. The processor Btz dlustrated example is in
communication with a main memory including a vééathemory 914 and a non-volatile
memory 916 via a bus 918. The volatile memory @& be implemented by Synchronous
Dynamic Random Access Memory (SDRAM), Dynamic Randkccess Memory (DRAM),
RAMBUS® Dynamic Random Access Memory (RDRAM®) arrddoy other type of
random access memory device. The non-volatile mg8i6 may be implemented by flash
memory and/or any other desired type of memoryaeAccess to the main memory 914,
916 is controlled by a memory controller. Any ai¢he example volatile memory 914, the
example non-volatile memory 916, and/or the exampss storage 928 may implement the
example engine database 310.

[0084] The processor platform 900 of the illustrated exi@napso includes an
interface circuit 920. The interface circuit 92@yrbe implemented by any type of interface

standard, such as an Ethernet interface, a unhsgsal bus (USB), a Bluetooth® interface,
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a near field communication (NFC) interface, an@/®Cl express interface. The interface
920 may implement the interface(s) 300 and/or bherface 306 of FIG. 3.

[0085] In the illustrated example, one or more input desi®22 are connected to the
interface circuit 920. The input device(s) 922migfs) a user to enter data and/or commands
into the processor 912. The input device(s) camipéemented by, for example, an audio
sensor, a microphone, a camera (still or vide&gyoard, a button, a mouse, a touchscreen,
a track-pad, a trackball, and/or a voice recognisigstem.

[0086] One or more output devices 924 are also connegcttktinterface circuit 920
of the illustrated example. The output devices &4 be implemented, for example, by
display devices (e.g., a light emitting diode (LEB¢) organic light emitting diode (OLED), a
liquid crystal display (LCD), a cathode ray tubsplay (CRT), an in-place switching (IPS)
display, a touchscreen, etc.), a tactile outputage\and/or speaker. The interface circuit 920
of the illustrated example, thus, typically inclsdegraphics driver card, a graphics driver
chip and/or a graphics driver processor.

[0087] The interface circuit 920 of the illustrated exaenglso includes a
communication device such as a transmitter, avecea transceiver, a modem, a residential
gateway, a wireless access point, and/or a netimtegkface to facilitate exchange of data
with external machines (e.g., computing deviceargfkind) via a network 926. The
communication can be via, for example, an Etheroehection, a digital subscriber line
(DSL) connection, a telephone line connection, ax@ cable system, a satellite system, a
line-of-site wireless system, a cellular systern, et

[0088] The processor platform 900 of the illustrated exi@nagso includes one or
more mass storage devices 928 for storing softesaiéor data. Examples of such mass

storage devices 928 include floppy disk drivesdhdrive disks, compact disk drives, Blu-ray
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disk drives, redundant array of independent diB&ID) systems, and digital versatile disk
(DVD) drives.

[0089] The machine executable instructions 932 of FIG.Ma¥ be stored in the
mass storage device 928, in the volatile memory Bilthe non-volatile memory 916, and/or
on a removable non-transitory computer readablageomedium such as a CD or DVD.

[0090] FIG. 10 is a block diagram of an example implemigmeof the processor
circuitry 912 of FIG. 9. In this example, the pessor circuitry 912 of FIG. 9 is implemented
by a microprocessor 1000. For example, the miowgssor 1000 may implement multi-core
hardware circuitry such as a CPU, a DSP, a GPXRn, etc. Although it may include any
number of example cores 1002 (e.g., 1 core), tleeapiocessor 1000 of this example is a
multi-core semiconductor device including N cor@$ie cores 1002 of the microprocessor
1000 may operate independently or may cooperaggdgoute machine readable instructions.
For example, machine code corresponding to a fimayweogram, an embedded software
program, or a software program may be executechbyobthe cores 1002 or may be
executed by multiple ones of the cores 1002 asémee or different times. In some
examples, the machine code corresponding to thmire program, the embedded software
program, or the software program is split into #ui®and executed in parallel by two or more
of the cores 1002. The software program may cpomes to a portion or all of the machine
readable instructions and/or operations represdntdide flowchart of FIG. 4-6B.

[0091] The cores 1002 may communicate by an example b4 1& some
examples, the bus 1004 may implement a communicatis to effectuate communication
associated with one(s) of the cores 1002. For plarthe bus 1004 may implement at least
one of an Inter-Integrated Circuit (12C) bus, ai@dPeripheral Interface (SPI) bus, a PCI
bus, or a PCle bus. Additionally or alternativehe bus 1004 may implement any other type

of computing or electrical bus. The cores 1002 olatpin data, instructions, and/or signals
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from one or more external devices by example iatarfcircuitry 1006. The cores 1002 may
output data, instructions, and/or signals to the @nmore external devices by the interface
circuitry 1006. Although the cores 1002 of thisueple include example local memory 1020
(e.g., Level 1 (L1) cache that may be split intd.&rdata cache and an L1 instruction cache),
the microprocessor 1000 also includes example dhmaegnory 1010 that may be shared by
the cores (e.g., Level 2 (L2_ cache)) for high-sip@ecess to data and/or instructions. Data
and/or instructions may be transferred (e.g., shadrg writing to and/or reading from the
shared memory 1010. The local memory 1020 of e&tfe cores 1002 and the shared
memory 1010 may be part of a hierarchy of storageces including multiple levels of
cache memory and the main memory (e.g., the mamang914, 916 of FIG. 9). Typically,
higher levels of memory in the hierarchy exhibwér access time and have smaller storage
capacity than lower levels of memory. Changes&éwmarious levels of the cache hierarchy
are managed (e.g., coordinated) by a cache cohepeticy.

[0092] Each core 1002 may be referred to as a CPU, DSB, &P., or any other
type of hardware circuitry. Each core 1002 inckidentrol unit circuitry 1014, arithmetic
and logic (AL) circuitry (sometimes referred toasALU) 1016, a plurality of registers
1018, the L1 cache 1020, and an example bus 1GR2r &tructures may be present. For
example, each core 1002 may include vector urguiiy, single instruction multiple data
(SIMD) unit circuitry, load/store unit (LSU) cirduy, branch/jump unit circuitry, floating-
point unit (FPU) circuitry, etc. The control unitauitry 1014 includes semiconductor-based
circuits structured to control (e.g., coordinata)admovement within the corresponding core
1002. The AL circuitry 1016 includes semicondudiased circuits structured to perform
one or more mathematic and/or logic operationsherdata within the corresponding core
1002. The AL circuitry 1016 of some examples penf®integer based operations. In other

examples, the AL circuitry 1016 also performs filogtpoint operations. In yet other
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examples, the AL circuitry 1016 may include firdt Aircuitry that performs integer based
operations and second AL circuitry that perfornesfing point operations. In some
examples, the AL circuitry 1016 may be referredsan Arithmetic Logic Unit (ALU). The
registers 1018 are semiconductor-based structorg®te data and/or instructions such as
results of one or more of the operations perforimgthe AL circuitry 1016 of the
corresponding core 1002. For example, the regidi@t8 may include vector register(s),
SIMD register(s), general purpose register(s), fegister(s), segment register(s), machine
specific register(s), instruction pointer regist¢rcontrol register(s), debug register(s),
memory management register(s), machine check ee(gstetc. The registers 1018 may be
arranged in a bank as shown in FIG. 10. Altermdyivthe registers 1018 may be organized
in any other arrangement, format, or structureudiclg distributed throughout the core 1002
to shorten access time. The bus 1004 may impleatdaast one of an I12C bus, a SPI bus, a
PCI bus, or a PCle bus

[0093] Each core 1002 and/or, more generally, the miciegssor 1000 may include
additional and/or alternate structures to thosevshand described above. For example, one
or more clock circuits, one or more power supples or more power gates, one or more
cache home agents (CHAS), one or more convergediconmesh stops (CMSs), one or
more shifters (e.g., barrel shifter(s)) and/or othicuitry may be present. The
microprocessor 1000 is a semiconductor devicedatwd to include many transistors
interconnected to implement the structures desgrdi®ve in one or more integrated circuits
(ICs) contained in one or more packages. The pemrecircuitry may include and/or
cooperate with one or more accelerators. In somamples, accelerators are implemented by
logic circuitry to perform certain tasks more quyc&nd/or efficiently than can be done by a
general purpose processor. Examples of accelsnaidude ASICs and FPGAs such as

those discussed herein. A GPU or other programar@blice can also be an accelerator.
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Accelerators may be on-board the processor cigguitrthe same chip package as the
processor circuitry and/or in one or more sepgratkages from the processor circuitry.

[0094] FIG. 11 is a block diagram of another example im@etation of the
processor circuitry 912 of FIG. 9. In this examples processor circuitry 912 is implemented
by FPGA circuitry 1100. The FPGA circuitry 1100 damused, for example, to perform
operations that could otherwise be performed byet@nple microprocessor 1000 of FIG. 10
executing corresponding machine readable instmstiddowever, once configured, the
FPGA circuitry 1100 instantiates the machine reddatistructions in hardware and, thus, can
often execute the operations faster than they doellderformed by a general purpose
microprocessor executing the corresponding software

[0095] More specifically, in contrast to the microprocess000 of FIG. 10 described
above (which is a general purpose device that regyrbgrammed to execute some or all of
the machine readable instructions representedéftdtvchart of FIGS. 4-6B but whose
interconnections and logic circuitry are fixed ofaericated), the FPGA circuitry 1100 of
the example of FIG. 11 includes interconnectiorgs lagic circuitry that may be configured
and/or interconnected in different ways after fedtion to instantiate, for example, some or
all of the machine readable instructions represebyethe flowchart of FIGS. 4-6B. In
particular, the FPGA 1100 may be thought of asreayabf logic gates, interconnections, and
switches. The switches can be programmed to chamgehe logic gates are interconnected
by the interconnections, effectively forming onenwore dedicated logic circuits (unless and
until the FPGA circuitry 1100 is reprogrammed). eTdonfigured logic circuits enable the
logic gates to cooperate in different ways to penfdifferent operations on data received by
input circuitry. Those operations may correspanddme or all of the software represented
by the flowchart of FIGS. 4-6B. As such, the FP@wuitry 1100 may be structured to

effectively instantiate some or all of the machieadable instructions of the flowchart of
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FIGS. 4-6B as dedicated logic circuits to perfohma tperations corresponding to those
software instructions in a dedicated manner analsgo an ASIC. Therefore, the FPGA
circuitry 1100 may perform the operations corregog to the some or all of the machine
readable instructions of FIGS. 4-6B faster thangéeeral purpose microprocessor can
execute the same.

[0096] In the example of FIG. 11, the FPGA circuitry 1188tructured to be
programmed (and/or reprogrammed one or more tilmeah end user by a hardware
description language (HDL) such as Verilog. Th&RReircuitry 1100 of FIG. 11, includes
example input/output (1/O) circuitry 1102 to obtand/or output data to/from example
configuration circuitry 1104 and/or external hardevée.g., external hardware circuitry)
1106. For example, the configuration circuitry 41fay implement interface circuitry that
may obtain machine readable instructions to conéighe FPGA circuitry 1100, or portion(s)
thereof. In some such examples, the configuraticuitry 1104 may obtain the machine
readable instructions from a user, a machine (eagdware circuitry (e.g., programmed or
dedicated circuitry) that may implement an Artiéicintelligence/Machine Learning (Al/ML)
model to generate the instructions), etc. In soraenples, the external hardware 1106 may
implement the microprocessor 1000 of FIG. 10. FR&A circuitry 1100 also includes an
array of example logic gate circuitry 1108, a plitlyaof example configurable
interconnections 1110, and example storage cisciitd2. The logic gate circuitry 1108 and
interconnections 1110 are configurable to instémtiee or more operations that may
correspond to at least some of the machine readaditeictions of FIGS. 4-6B and/or other
desired operations. The logic gate circuitry 1888wn in FIG. 11 is fabricated in groups or
blocks. Each block includes semiconductor-basectiétal structures that may be
configured into logic circuits. In some exampli® electrical structures include logic gates

(e.g., And gates, Or gates, Nor gates, etc.) tteatigie basic building blocks for logic
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circuits. Electrically controllable switches (e.gansistors) are present within each of the
logic gate circuitry 1108 to enable configuratidrilee electrical structures and/or the logic
gates to form circuits to perform desired operatiomhe logic gate circuitry 1108 may
include other electrical structures such as lookalgtes (LUTS), registers (e.qg., flip-flops or
latches), multiplexers, etc.

[0097] The interconnections 1110 of the illustrated exage conductive pathways,
traces, vias, or the like that may include eleathjccontrollable switches (e.g., transistors)
whose state can be changed by programming (eigg as HDL instruction language) to
activate or deactivate one or more connectionsdmtvone or more of the logic gate
circuitry 1108 to program desired logic circuits.

[0098] The storage circuitry 1112 of the illustrated ex&mg structured to store
result(s) of the one or more of the operationsgraréd by corresponding logic gates. The
storage circuitry 1112 may be implemented by regssor the like. In the illustrated
example, the storage circuitry 1112 is distribiaetbngst the logic gate circuitry 1108 to
facilitate access and increase execution speed.

[0099] The example FPGA circuitry 1100 of FIG. 11 alsdudes example
Dedicated Operations Circuitry 1114. In this exnihe Dedicated Operations Circuitry
1114 includes special purpose circuitry 1116 thay tve invoked to implement commonly
used functions to avoid the need to program thosetions in the field. Examples of such
special purpose circuitry 1116 include memory (ddRAM) controller circuitry, PCle
controller circuitry, clock circuitry, transceiveircuitry, memory, and multiplier-accumulator
circuitry. Other types of special purpose cirguittay be present. In some examples, the
FPGA circuitry 1100 may also include example gelnguapose programmable circuitry

1118 such as an example CPU 1120 and/or an exdangiel122. Other general purpose
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programmable circuitry 1118 may additionally oeattatively be present such as a GPU, an
XPU, etc., that can be programmed to perform obperations.

[00100] Although FIGS. 10 and 11 illustrate two example lienpentations of
the processor circuitry 912 of FIG. 9, many othgpraaches are contemplated. For example,
as mentioned above, modern FPGA circuitry may ohelan on-board CPU, such as one or
more of the example CPU 1120 of FIG. 11. Thereftbre processor circuitry 912 of FIG. 9
may additionally be implemented by combining tharaple microprocessor 1000 of FIG. 10
and the example FPGA circuitry 1100 of FIG. 11.séme such hybrid examples, a first
portion of the machine readable instructions regimtexd by the flowcharts of FIGS. 4-6B
may be executed by one or more of the cores 1062&f10 and a second portion of the
machine readable instructions represented by thwcHarts of FIGS. 4-6B may be executed
by the FPGA circuitry 1100 of FIG. 11.

[00101] In some examples, the processor circuitry 912 &f. Bimay be in one
or more packages. For example, the processoiitcyd®00 of FIG. 10 and/or the FPGA
circuitry 1100 of FIG. 11 may be in one or morekzges. In some examples, an XPU may
be implemented by the processor circuitry 912 &.F, which may be in one or more
packages. For example, the XPU may include a CRisénpackage, a DSP in another
package, a GPU in yet another package, and an kP& yet another package.

[00102] Further aspects of the present disclosure are gedudy the subject
matter of the following clauses:

[00103] Example 1 includes an apparatus comprising menstructions in
the apparatus, and processor circuitry to exetigénistructions to in response to a
notification that an engine is undergoing mainte@aor in operation, identify an entry in a
database that corresponds to the engine, the eimgineling a module, update historical data

corresponding to the module based on the notiioatnd determine whether the module of
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the engine has been replaced by extracting data drdata packet obtained via a wireless
communication, and when the module of the engirseniod been replaced, replace a first
identifier of the module stored in the entry witsecond identifier of the module and
maintain the historical data for the module in ¢iméry.

[00104] Example 2 includes the apparatus of example 1,eulméine module is
a high temperature module, the second identifistdeed in a radio frequency identifier
(RFID) tag in the high temperature module and lliovatemperature module of the engine.

[00105] Example 3 includes the apparatus of example 1,aulméne historical
data is stored in a cloud-based server, the histiodiata including at least one of maintenance
data, inspection data, or flight data.

[00106] Example 4 includes the apparatus of example 1,eulméne module is
a first module and the historical data is firstdigal data, the processor circuitry to identify
whether a second module of the engine should Baaeg based on second historical data
corresponding to the second module and mainterniafarenation corresponding to the
second module.

[00107] Example 5 includes the apparatus of example 4, &uméne processor
circuitry is to transmit instructions to replace ttecond module with a third module.

[00108] Example 6 includes the apparatus of example 1, &iméne processor
circuitry is to, when the module of the engine hasn replaced, replace the first identifier of
the module stored in the entry with the secondtifienof a replacement module and replace
the historical data and first static information flle module in the entry stored in a cloud
based server with second historical data and sestatid information corresponding to the

replacement module.
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[00109] Example 7 includes the apparatus of example 1, ailméne processor
circuitry is to generate the entry for the engifierahe engine is assembled, the entry
including data related to modules of the engine.

[00110] Example 8 includes the apparatus of example 1, auméne processor
circuitry is to determine whether the module hasrnbeeplaced during the maintenance by
guerying the database using the second identifier.

[00111] Example 9 includes the apparatus of example 1, &iméne processor
circuitry is to, when the module of the engine hasn modified, replace the first identifier of
the module stored in the entry with the secondtiienof the module and maintain the
historical data for the module in the entry.

[00112] Example 10 includes a non-transitory computer relgdstorage
medium comprising instructions which, when executedise one or more processors to at
least in response to a notification that an enginendergoing maintenance or in operation,
identify an entry in a database that correspondise@ngine, the engine including a module,
update historical data corresponding to the mobased on the notification, determine
whether the module of the engine has been replag@docessing data obtained via a
wireless communication, and when the module oktigine has not been replaced, replace a
first identifier of the module stored in the entvith a second identifier of the module and
maintain the historical data for the module in ¢iméry.

[00113] Example 11 includes the computer readable storagkum of
example 10, wherein the module is a high tempezahodule, the second identifier is stored
in a radio frequency identifier (RFID) tag in thigihtemperature module and in a low

temperature module of the engine.
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[00114] Example 12 includes the computer readable storagkum of
example 10, wherein the historical data is stonea ¢loud-based server, the historical data
including at least one of maintenance data, ingpeckata, or flight data.

[00115] Example 13 includes the computer readable storagkum of
example 10, wherein the module is a first moduk the historical data is first historical
data, the instructions to cause the one or moreegswrs to identify whether a second
module of the engine should be replaced basedaomdeéhistorical data corresponding to the
second module and maintenance information correpgno the second module.

[00116] Example 14 includes the computer readable storagkum of
example 13, wherein the instructions cause theoomeore processors to transmit
instructions to replace the second module withral thhodule.

[00117] Example 15 includes the computer readable storagkum of
example 10, wherein the instructions cause theoomeore processors to, when the module
of the engine has been replaced, replace thadestifier of the module stored in the entry
with the second identifier of a replacement modund replace the historical data and first
static information for the module in the entry walscond historical data and second static
information corresponding to the replacement madule

[00118] Example 16 includes the computer readable storagkum of
example 10, wherein the instructions cause theoomeore processors to generate the entry
for the engine after the engine is assembled, b encluding data related to modules of the
engine.

[00119] Example 17 includes the computer readable storagkum of
example 10, wherein the instructions cause theoomeore processors to determine whether
the module has been replaced during the mainteriangaerying the database using the

second identifier.

-850 -



[00120] Example 18 includes the computer readable storagkum of
example 10, wherein the instructions cause theoomeore processors to, when the module
of the engine has been modified, replace theitlesttifier of the module stored in the entry
with the second identifier of the module and maithe historical data for the module in the
entry.

[00121] Example 19 includes a method comprising in resptmsenotification
that an engine is undergoing maintenance or inabjper, identifying, by executing an
instruction with a processor, an entry in a datalthat corresponds to the engine, the engine
including a module, updating, by executing an indion with the processor, historical data
corresponding to the module based on the notibioatietermining, by executing an
instruction with the processor, whether the modilie engine has been replaced by
processing data obtained via a wireless commupitadind when the module of the engine
has not been replaced, replacing, by executingstruiction with the processor, a first
identifier of the module stored in the entry witsecond identifier of the module and
maintain the historical data for the module in ¢iméry.

[00122] Example 20 includes the method of example 19, wheine module is
a high temperature module, the second identifistdeed in a radio frequency identifier
(RFID) tag in the high temperature module and lliovatemperature module of the engine.

[00123] From the foregoing, it will be appreciated thatmpdée methods,
apparatus, and storage media have been discloselatk engine components. To be able
to track the individual parts and/or componentaroengine before the engine is assembled
and/or while the engine is disassembled, an identifiay be placed on the modules of the
gas turbine engine (e.g., a serial number). Howexacking parts by serial number can be
problematic. For example, serial number in highgerature modules(s) may fade with time,

making recognition of the serial number differentl@r impossible. Additionally, tracking

-51 -



modules based on a user entering a serial numtzea isystem can lead to user error (e.g.,
entering the wrong serial number), thereby causiagcurate engine module information.
Such inaccurate information can potentially be @aogs. For example, if a user enters an
incorrect serial number that is used to track wa@module is due to be replaced, a module
that does not comply the safety standards may aréeivtly be used in an airplane. Such
problems can be alleviated using RFID tags to iflentodules(s) of an engine. Tracking
and/or identifying each module during maintenanmod’@ operation is important because,
during maintenance, an engine may be disassembtedifierent modules may be provided
to different technicians in different locations. té&chnician may be working on multiple
modules at the same time, making it difficult tack which module belongs to which engine
when the engine is reassembled without a secuwkitigadevice. However, module(s) that
are exposed to high temperatures destroy the Rig®ih the modules. Accordingly, there is
no efficient technique for tracking high temperatarodules for a fleet of planes that may be
interchanged in other engine systems.

[00124] Examples disclosed herein provide a cloud-basdthigae for
tracking turbine engines and/or components, partglules, LRUs, and/or LLPs of turbine
engines using RFID tags, regardless of where tHB Rig is placed (e.g., in high
temperature modules or low temperature moduleganiples disclosed herein track part
information included identifiers, serial numbengpglier information, maintenance data,
history (e.g., number of flight, hours of use, gtetc. to contribute to a flexible system to
respond to unknown field issues more efficiently &mprovide near real-time information
on the components in a fleet of planes. Using gtesndisclosed herein engine parts (e.g.,
including high temperature parts) can be trackachted, monitored, etc. within planes
and/or during assembly and/or maintenance/inspeasing a cloud based approach without

the risk of losing the identification informatiom the module (e.g., due to high temperatures).
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Examples disclosed herein ease engine part maimtenacheduling, improve manufacturing
and maintenance efficiency, etc., resulting in aevelficient and safer use of gas turbine
engines.

[00125] Although certain example methods, apparatuses rdictea of
manufacture have been disclosed herein, the sdama/erage of this patent is not limited
thereto. On the contrary, this patent covers ellhmds, apparatuses and articles of
manufacture fairly falling within the scope of tblaims of this patent.

[00126] The following claims are hereby incorporated itz Detailed
Description by this reference, with each claim diag on its own as a separate embodiment

of the present disclosure.
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What Is Claimed Is:

1. An apparatus comprising:

memory;

instructions in the apparatus; and

processor circuitry to execute the instruction to:

in response to a notification that an engine is undergoing maintenance or in
operation, identify an entry in a database that corresponds to the engine, the engine
including a module;

update historical data corresponding to the module based on the notification; and

determine whether the modul e of the engine has been replaced; and

when the modul e of the engine has not been replaced, replace afirst identifier of
the module stored in the entry with a second identifier of the module and maintain the
historical datafor the module in the entry.

2. The apparatus of claim 1, wherein the module is a high temperature module, the
second identifier is stored in aradio frequency identifier (RFID) tag in the high temperature
module and in alow temperature module of the engine.

3. The apparatus of claim 1, wherein the historical datais stored locally in the cloud,
the historical dataincluding at least one of maintenance data, inspection data, or flight data.

4. The apparatus of claim 1, wherein the module is afirst module and the historical
dataisfirst historical data, the processor circuitry to identify whether a second module of the
engine should be replaced based on second historical data corresponding to the second module

and mai ntenance information corresponding to the second module.
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5. The apparatus of claim 4, wherein the processor circuitry isto transmit instruction
to replace the second module with a third module.

6. The apparatus of any of claims 1-5, wherein the processor circuitry isto, when the
module of the engine has been replaced, replace the first identifier of the module stored in the
entry with the second identifier of areplacement module and replace the historical data and first
static information for the module in the entry stored locally in the cloud with second historical
data and second static information corresponding to the replacement module.

7. The apparatus of any of claims 1-5, wherein the processor circuitry isto generate
the entry for the engine after the engine is assembled, the entry including data related to modules
of the engine.

8. The apparatus of any of claims 1-5, wherein the processor circuitry isto
determine whether the modul e has been replaced during the maintenance by querying the
database using the second identifier.

9. The apparatus of any of claims 1-5, wherein the processor circuitry isto, when the
module of the engine has been modified, replace the first identifier of the module stored in the
entry with the second identifier of the module and maintain the historical datafor the modulein
the entry

10. A non-transitory computer readable storage medium comprising instructions
which, when executed, cause one or more processorsto at |least:

in response to a notification that an engine is undergoing maintenance or in operation,
identify an entry in a database that corresponds to the engine, the engine including a module;

update historical data corresponding to the module based on the notification; and

determine whether the modul e of the engine has been replaced; and
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when the module of the engine has not been replaced, replace afirst identifier of the
module stored in the entry with a second identifier of the module and maintain the historical data
for the module in the entry.

11.  The computer readable storage medium of claim 10, wherein the module is a high
temperature module, the second identifier is stored in aradio frequency identifier (RFID) tagin
the high temperature module and in alow temperature modul e of the engine.

12.  The computer readable storage medium of claim 10, wherein the historical datais
stored locally in the cloud, the historical dataincluding at |east one of maintenance data,
inspection data, or flight data.

13.  The computer readable storage medium of claim 10, wherein the moduleis afirst
module and the historical dataisfirst historical data, the instructions to cause the one or more
processors to identify whether a second module of the engine should be replaced based on
second historical data corresponding to the second module and maintenance information
corresponding to the second module.

14.  The computer readable storage medium of claim 11, wherein the instructions
cause the one or more processors to transmit instruction to replace the second module with a
third module.

15.  The computer readable storage medium of any of claims 10-14, wherein the
instructions cause the one or more processors to, when the module of the engine has been
replaced, replace the first identifier of the module stored in the entry with the second identifier of
areplacement module and replace the historical data and first static information for the module
in the entry with second historical data and second static information corresponding to the

replacement module.
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