CONTROL SYSTEM AND METHOD
FIELD

[0001] The subject matter described herein relates tonengiaintenance, and to a

control system for scheduling maintenance of anneng
BACKGROUND

[0002] Turbine engines in commercial aircraft have routimntenance schedules to
ensure the engines are optimally performing. Hawedifferent components and
features of the engine react differently to engirear and use over time, depending
on factors such as the extent of use and envirotaheonditions to which the engine

is exposed.

[0003] A thermal barrier coating may be used in the twebémgine to protect the
engine from negative effects caused by heat witha engine. Over time, such
thermal barrier coatings degrade during use oricemf the turbine as a result of
spallation and damage, such as exposure to exhaastwearing down the coating.
As the thermal barrier degrades, the turbine isensusceptible to failures and the
coating may need to be restored or replaced. @ailpiche thermal barrier coating is
restored at regularly scheduled maintenance intetvg disassembling the turbine

engine so that a restorative thermal barrier cgatan be applied.

[0004] This maintenance of the aircraft results in sigaifit down time and expense.
As a result of aircraft operation conditions, eowmental conditions during
operation, and quality of the thermal barrier aogitithe thermal barrier coating does
not wear and degrade in the same manner for edohdnal aircraft. Thus, a thermal
barrier coating may need to be restored at intertfaht do not coincide with the
regularly scheduled maintenance schedule of theneray aircraft. The end result is
either reduced engine performance resulting froooaing in use that needs to be
restored, or unnecessary down time spent restaritwpating that does not need to be

restored.

BRIEF DESCRIPTION



[0005] In one embodiment, a control system is providete dontrol system has one
or more controllers configured to determine wheextend a life span of a coating of
an engine by applying an additive to the coatingeldaon one or more monitored
parameters of the engine. The one or more coetsodllso are configured to, direct

the applied additive to the coating based on theitoed parameters of the engine.

[0006] In one embodiment, a method of coating an engimpeagided. Steps include
monitoring engine parameters with one or more adlietis and determining an engine
maintenance date with the one or more controll@se8 on the monitored engine
parameters. A coating restoration system havimgohile spray device is provided
and coats the engine with the spray device on tiggne maintenance date based on

the monitored engine parameters.

[0007] In one embodiment a control system is providedh wite or more controllers
configured to monitor one or more parameters ofeagine. The one or more
controllers also are configured to determine antagdapplication to direct on the

engine based on the one or more monitored parasn&téne engine.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a schematic diagram of a control systendetermining coating

restoration maintenance in accordance with one dimiant;
[0009] Figure 2 is a schematic diagram of a coating raitor system;

[0010] Figure 3 illustrates a flow chart of a method fetatmining maintenance for a

turbine engine; and
[0011] Figure 4 illustrates a flow chart of a method aftoeing a coating.
DETAILED DESCRIPTION

[0012] A control system has one or more engine controlliees are configured to
provide an analytics-based engine to restore pieéecoatings, such as thermal
barrier coatings, on turbine components. The onenore engine controllers use
engine parameters such as engine operating dasgaadd information received from

a monitoring system or engine monitoring controléata and information inputted



into the one or more controllers of a coating negton system, data and information
received from an auxiliary control controller osggm such as a vehicle (e.g., aircraft
or other type of vehicle) control system and the lio identify coating degradation

and schedule a coating restoration procedure.

[0013] The control system monitors engine performance parational parameters,
and responsive to detection of degradation, omeare coatings within the engine are
restored while the engine is still in an instaltahfiguration with reduced disruption
to the operation of the powered system in which émgine is disposed. The
installation can occur during an on-wing configioatfor an aircraft engine, or in a
field installation for an industrial power turbin€he one or more engine controllers
are configured to communicate with one or more radliets of a coating restoration
system and/or determine when a coating restorasigstem is to perform the
restoration. The coating restoration system irnesual mobile supply unit and a spray
nozzle coupled to the supply unit. The spray rozzbvides the coating in a slurry
form onto components inside the engine. The mosupply unit of the coating
restoration system could include a power supplyaiasupply, a water supply and a
coating restoration system mounted to a transpelicle. The coating restoration
application system supplies and stores the resgtarabating agent so that it can be
delivered to the spray nozzle for application ia thrbine engine. The mobile supply
unit for providing the coating restoration could ibethe back of a truck; the mobile
supply unit may be incorporated into a work cadilér, or other type of vehicle or

support structure.

[0014] The one or more engine controllers are in commuivicavith components of

the gas turbine engines and the coating restoratystem by communication links

(e.g., including wired and/or wireless, direct adirect, connections). The control
system also includes a monitoring system that isoimmunication with the one or

more engine controllers. The monitoring system dragngine performance monitor
that monitors engine use data such that the ongooe engine controllers can use the
data to determine or predict when a coating restoraof a component such as a
turbine engine should be performed. The enginedas® can include data including
full flight and full service exposure data for th&bine engine, the environmental
conditions in which the turbine engine has operated the like. The one or more



engine controllers are configured to determine #fBcacy of a selected or
recommended coating restoration procedure. Theoongore engine controllers can
also determine a coating restoration schedule ihabptimal given a specified
optimization objective (e.g., prolong engine lifsyprove performance, or improve
efficiency), based on historical engine data andtber engine operational data. The
one or more engine controllers make the deterntinatby making calculations using

an algorithm, comparing data to historical engiagadn a look-up table, or the like.

[0015] The control system comprises one or more hardwaneponents, software
components or computer-executable components atad sdauctures including an
optimization routine. The one or more engine cdl@rs interface with the
monitoring system to create a coating restoratidmedule for a turbine engine, in
order to maximize performance of the turbine engamel minimize maintenance
costs. The one or more engine controllers make rrdetations and perform
calculations based on data and information recdingd the monitoring system. The
one or more engine controllers estimate improveginenlife resulting from a coating
restoration of the turbine engine system basedngime performance data from and
engine received by the monitoring system. The aptition routine employs all of
the inputs received by the one or more engine obats and determines whether and

when a coating restoration is necessary.

[0016] The one or more engine controllers utilize the eagierformance information
generated by the engine performance monitor toigirechen a coating restoration
will be necessary or desired in order to maintainngprove the performance of a
turbine engine system. If the performance of thgiree is severely degraded, the one
or more engine controllers are configured to itétia single coating restoration event.
If an engine is operating normally, the one or memgine controllers are configured
to generate a coating restoration schedule foetfggne at time intervals based on a
number of coating restoration schedule criterighese criteria include the turbine
engine’s flight plans, normal operating conditio(esg., short or long duration
missions, altitude, humidity, frequency of acceiers vs. cruising segments, etc.),

characteristics of the coating restoration techej@und the like.

[0017] The monitoring system can include one or more engionitoring controllers
that communicate and are linked to the one or neagne controllers. The one or
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more engine monitoring controllers receive the rmfation from the engine

performance monitor and are part of and communieétethe turbine engine and the
engine controller of an aircraft. The one or memgine monitoring controllers can be
the engine controller of an aircraft. The one @arenengine monitoring controllers
may be a Full Authority Digital Engine ControlldeADEC), a component thereof, or
a separate module in communication with a FADEG. (&ia one or more electronic
communication links or networks). Optionally, themitoring system includes an on-
board engine monitor, of a range of characterissegh as the frequency of data

acquisition.

[0018] The one or more engine monitoring controllers aisolude hardware,

firmware, and/or software components that are goméd to perform a range of
functions such as communicating and utilizing infation and data, making
determinations including calculation based on imfation and data and the like
similar to the one or more engine controllers. Tme or more engine monitoring
controllers include a processor (e.g. a controlieigroprocessor, microcontroller,
digital signal processor, etc.), memory, and amifgqutput (1/0O) subsystem. The one
or more engine monitoring controllers can be adpptomputer, or mobile device
(e.g., a tablet computer, smart phone, body-moudésite or wearable device, etc.),

a server, an enterprise computer system, a netwfaamputers or the like.

[0019] The input and output subsystems of the one or nemgne monitoring
controllers are communicatively coupled to a nundfehardware, firmware, and/or
software components, including a data storage dewacdisplay, a user interface
subsystem, a communication subsystem, the enginferpance monitor of the
monitoring system and the one or more engine opétian controllers. Portions of
the engine performance monitor and the one or manérollers of the control system
may reside at least temporarily in the data stoedce and/or other data storage

devices that are part of a fleet management system.

[0020] The communication subsystem of the one or more nengnonitoring
controllers connects the one or more engine mangarontrollers to other computing
devices and/or systems by one or more networks.network(s) may be a cellular
network, a local area network, a wide area netwerf., Wi-Fi), a cloud, a virtual
personal network (e.g., VPN), an Ethernet netwarid/or a public network such as
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the Internet. The communication subsystem mayrratevely or in addition, enable
shorter-range wireless communications between tlgear more engine monitoring
controllers and other computing devices, using,efc@mple, Bluetooth and/or other
technology. Accordingly, the communication sub-sgstmay include one or more
optical, wired and/or wireless network interfacbsgstems, cards, adapters, or other
devices, as may be needed pursuant to the spdéoifisaand/or design of the

particular engine monitoring controller.

[0021] The control system can also include one or moret figerations controllers

that are in communication with the one or more meagcontrollers such that

scheduling determinations are communicated to the ar more fleet operations

controllers.  Thus, in addition to single engineatong restoration schedule

optimization, full fleet optimization is also codsred. A communication system of
the one or more engine controllers communicategsutsiiof one or more of the engine
performance monitor, the one or more engine maniacontrollers and/or the one or
more engine controllers to the one or more fleerajons controllers and/or the one
or more controllers of the coating restoration eystPortions of engine health data
and/or coating restoration schedule data, may pelied to the one or more fleet

operations controllers and/or the one or more otlets of the coating restoration

system. Therefore, the one or more fleet operatimmtrollers are configured to

manage turbine engine coating restoration foret ¢ aircratft.

[0022] The one or more engine monitoring controllers camphe real-time engine
operating conditions to historical data of simitrgines that are considered to be
operating appropriately. By monitoring historicgderational data of the engine in a
test cell or of similar engines that are operaw@pgpropriately, an engine profile is
developed over time using model-based control dlgos. Based on the comparison
of the real-time operating conditions to the enginfile, the one or more monitoring
engine controllers or the one or more engine mango controllers predict or
determine the engine performance at a particutae.tiTherefore, after an engine is
built, the engine is tested in a test cell to makee that it meets the performance
requirements to ensure the engine is operating albrroefore use in the field. The
data for each engine is acquired in a test cellthed incorporated into the model-
based control algorithm so the control algorithm datermine an engine profile.



[0023] This test information for specific engines is uskd build the control
algorithms, and then, on-wing, the measured engirgut is compared to this engine
profile at a specific point in the engine life thatunder consideration. Thus, the
turbine parameters such as temperature and tudoimponent temperatures can be
measured in a test cell and these measurementsecammpared with subsequent on-
wing temperature measurements. If the differencévden the measurements
obtained in the test cell and the measurementsngstaon-wing) exceeds certain
prescribed values, then the one or more engineraters or one or more engine
monitoring controllers are configured to determthat the turbine temperature is
deteriorating over time, and a coating restoraisorequired. A predetermined range
can be set for each parameter or combination @npeters. Then based on whether
the parameter, combination of parameters, calalilsdeameters or the like fall within
the predetermined range, the one or more engingotlens schedules a time for

restoration of the coatings.

[0024] The one or more controllers of the coating restomasystem can be one or
more computing devices configured to manage engoaing restoration services.
The one or more controllers of the coating restomasystem are operated by an
engine coating restoration service, such as at ahetk, C check, or procedure at an
airport. The one or more controllers of a coatiregstoration system is in
communication with all of the other controllerstbe control system, including the
one or more engine controllers, one or more flgerations controllers, and the one
or more engine monitoring controllers. The onenmwre controllers of a coating
restoration system includes an engine coating na&sto history database and a
coating restoration parameters database. The erggiang restoration database
stores information related to the coating restorathistory of the turbine engine
system, such as, when was the date of the lashgaastoration of the turbine engine

and what coating restoration was performed.

[0025] The engine coating restoration history can alsostmged on the engine
maintenance history database. The coating reginrparameters database includes
information related to the coating restoration megns available to be used to restore
a particular turbine engine, such as data on ailavle coating restoration regimens,
which coating restoration regimens are availablevlath locations geographically,



whether a coating restoration crew at a particldeation is available to perform a
coating restoration, and the like. All historicdéta stored at the one or more
controllers of the coating restoration system iswcwnicated to all of the controllers
within the control system to be utilized in detemations, calculations, algorithms and

as otherwise needed by the controllers within th&rol system.

[0026] The one or more controllers of the coating resimmasystem obtains and

stores historical data about the engine or thenergycoating restoration history. This
is through data inputted into the one or more @bletrs and data determined in real-
time and stored within the memories of the one orawontrollers. The one or more
controllers of the coating restoration system amefigured to use historical data to
determine an engine coating restoration scheméh®operator. The one or more
controllers of the coating restoration system comicate with the other controllers in

the control system to schedule maintenance interibased upon certain parts or
modules of the turbine engine that need replacemenhus, the one or more

controllers of the coating restoration system amefigured to determine the amount
of restoration required for an individual componentmodule. Consequently, the one
or more controllers of the coating restoration esystre configured to determine if an
engine merely needs a minor overhaul/restoratiaocquure, and based on the
restoration required the one or more controllershef coating restoration system
initiate a coating restoration. As a result, thgiee coating or coatings are restored
and the engine is quickly returned to service,ahgrextending the engine's efficiency

until a major overhaul is required.

[0027] The one or more controllers of the coating restomnagystem are configured to

monitor multiple parameters of the engine includargl in addition to the historical

data. Such parameters of the engine include onmae of an engine exhaust
temperature, a condition of the coating of the eegengine fuel flow, compressor
exit pressure, compressor exit temperature, endarating, engine speed, engine
cycles, engine power use, auxiliary power use, renmental conditions, ambient

airplane temperature or dates of engine use. cohdition of the coating may be or
represent the presence or absence of spallingeircdhting, and/or an amount (e.g.,
number) of spalling or locations of spalling. Témgine derating may occur when the
output of the engine is less than a directed outpibr example, an engine that



remains at the same throttle position may deratenvthe power output by the engine
decreases (while remaining at the same throttlétipos The number of engine

cycles represents the number of times that thenengiturned on from an inactive or
off state, the engine operates for a period of timperform work, and the engine is
then deactivated or turned to an off state. Theliaty power use may indicate how
much work performed by the engine (e.g., how muahenit generated by operation
of the engine) is used for auxiliary power consuomptsuch as for powering loads
that do not propel a vehicle. The environmentalditions may indicate the presence
(or absence) of dust in the environment in which &mgine operates, and/or the

ambient temperatures in which the engine operates.

[0028] Other parameters may include operational parametdrsative of operations

or work performed by the engine or components efahgine. In one embodiment,
the operational parameters may indicate the terhperaair flow, time of usage, etc.,
of hot gas components of the engine, such as that @ambustor, turbine blade,

turbine vane, turbine vane, turbine shroud, ancldonbustor fuel nozzle.

[0029] Different parameters may impact when the additveo be added to the
coating in different ways. For example, hotter ipagexhaust temperatures may
require application of the additive sooner thandooler engine exhaust temperatures.
The presence of spalling and/or a greater amouniegree of spalling may require
application of the additive sooner than for an abseor smaller amount or degree of
spalling. Greater amounts of fuel flowing to thmgime may require application of the
additive sooner than for lesser amounts of fueliihg to the engine. Increased
compressor exit pressures and/or temperatures egayre application of the additive
sooner than for smaller or cooler compressor erdsgures and/or temperatures.
Derating of the engine may indicate that applicatid the additive needs to occur
sooner than for engines that do not derate ordéette by a lesser amount. Engines
operating at faster engine speeds and/or over reaggne cycles may require
application of the additive to the coating sootamt for slower engine speeds and/or
fewer engine cycles. Engines producing greateruansoof power (e.g., relative to a
designated threshold) may require application ef ddditive to the coating sooner

than for engines producing lesser amounts of poviargines that operate to power



greater amounts of auxiliary loads may require iappbn of the additive to the

coating sooner than for engines powering lesswerfe@uxiliary loads.

[0030] The one or more controllers of the coating restomnagystem are configured to
issue a prompt or notification in order to prevéim¢ occurrence of a scheduled
coating restoration cycle, if the one or more colidrs of the coating restoration
system determines that the engine's removal fromicgeis imminent (e.g., for
regularly scheduled required maintenance). The a@nenore controllers of the
coating restoration system include data in a dagba memory regarding the date on
which predetermined maintenance is to occur. Tie @ more controllers of the
coating restoration system then compare a dateaoftenance determined as a result
of system parameters and if the date falls withpredetermined range, such as one
month, of the date of the predetermined maintenahesone or more controllers of
the coating restoration system are configured tocelathe determined date of

maintenance.

[0031] The maintenance includes restoring a coating #erdnt points in the

operational life of the engine that results in@iéint prolonged life of the coating. In
one embodiment, an additive is applied to the ogattd extend the life span of the
engine by 100% or more compared to if no restogativating was provided. In
another embodiment, after some life span, the zédsd applied to extend engine life
by 25% the initial life span. Otherwise if appliafter some small spalling, life can
be extended by 10% the life span. Alternativelyhe restorative coating is applied

after large spalling, an additional life span caraddded as a result of the coating.

[0032] Thus, the one or more controllers of the coatingtamtion system are
configured to coordinate coating restoration cyel#h other maintenance schedules
as well as operational schedules. The one or morgratlers of the coating
restoration system are configured to establishhbibst variation of cycle times in
which the optimum parameters of engine coatingoraibn are determined,
including the time interval between coating resiords), the duration of coating
restoration(s), the particular mixture or compasitiof the coating restoration
solution, and the like. The one or more controllgishe coating restoration system
are configured to establish a predictive coatingtamtion schedule based on the
historical data. The predictive coating restoratschedule can then be used by the
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engine manufacturer in order to better predict magoating restoration as a function

of minor and major overhaul intervals.

[0033] The term "database" may refer to, among other shiagcomputerized data
structure capable of storing information for eastyieval (e.g., a keyword search) or a
computer program command. Portions of each databssy be embodied as, for
example, a file, a table, or a database. While spHcifically shown, the fleet

management system may include other computing éevie.g., servers, mobile
computing devices, etc.), which may be in commurocawith each other and/or the

other controllers in the control system.

[0034] One turbine engine considered is a multiple shafidfan gas turbine engine.
The aspects of the present disclosure are apptidabturbine engines in general.
Other types of turbine engines include turboprog amboshaft systems, as well as
turbine engines designed for non-aerospace applisatin the turbine engine, a fan

(e.g., a fan, variable pitch propeller, etc.) dravsnto the engine.

[0035] Figure 1 is a schematic diagram of a control sysi€&® for maintaining a

component 102 such as an engine of a powered sy€i6mIn one embodiment, the
component 102 is an engine on a wing 104 of amadirdout optionally may be an
engine of another vehicle, an engine of a statiprwer-generating system, or
another type of component. The control system ih@ludes one or more engine
controllers 110. The engine controller 110 canobany type, including but not

limited to a computer, computing device, laptop poiber, mobile device, tablet
computer, smart phone, body-mounted device, weardblice, server, enterprise
computer system, network of computers, or the likEhe engine controller 110
includes one or more processors 112 that can a&saf bny type, including but not
limited to a controller, microprocessor, microcafier, digital signal processor, and

the like that can receive, determine, compute eartstnit information.

[0036] The processor 112 can have or operate based ontlahg® and look-up tables
inputted therein through programing or the lika.tHis manner, the processor 112 can
make calculations based on parameters of the edgid@nd aircraft or compare such
parameters to the look-up tables to make deterioimat The processor 112 is in

communication with a memory 114 that contains alolte of information that is

11



either inputted into the controller 110, determiney the processor 112 of the
controller 110, or communicated from another cdigrar device, to be stored within
the memory 114. The processor 112 and memory ElLdlso in communication with
a communication subsystem 116 that has input atplibaubsystems 118 and 120 to
receive and transmit information and data for thetller 110. The communication
subsystem 116 connects the one or more engineotlerdr 110 to other controllers

and/or systems by one or more networks 122.

[0037] The network(s) 122 may be a cellular network, al@rea network, a wide
area network (e.g., Wi-Fi), a cloud, a virtual meral network (e.g., VPN), an
Ethernet network, and/or a public network suchhaslhternet. The communication
subsystem 116 may, alternatively or in additional@e shorter-range wireless
communications between the one or more engine wramit controllers and other
computing devices, using, for example, Bluetoothd/@an other technology.
Accordingly, the communication sub-system 116 magiude one or more optical,
wired and/or wireless network interface subsysterag]s, adapters, or other devices,
as may be needed pursuant to the specificationsragesign of the particular engine

controller.

[0038] A display module 124 is also in communication witle processor 112,
memory 114 and communication subsystem 116. Témadi module 124 typically is
a screen that displays information retrieved frdma processor 112, memory 114 or

communication subsystem 116 to convey informatootihé user.

[0039] A user interface subsystem 125 similarly is in camioation with the other

components of the engine controller 110, includimg processor 112, memory 114,
communication subsystem 116 and display module 1ip4this manner a user my
input information, data, historical data, algorifymmodels and the like into the engine

controller 110 and receive information as requested

[0040] The control system 100 includes a monitoring sys2@Mthat has one or more
an engine monitoring controllers 210 that can bamyftype, including but not limited
to a computer, computing device, laptop computeasbite device, tablet computer,
smart phone, body-mounted device, wearable dewderjer, enterprise computer

system, network of computers, or the like. Theimmgnonitoring controller 210
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includes a processor 212 that can also be of gugy, including but not limited to a
controller, microprocessor, microcontroller, digisggnal processor, and the like that

can receive, determine, compute and transmit irdétion.

[0041] The processor 212 can make calculations based rampters of the engine
202 and aircraft or compare such parameters to ldlo&-up tables to make
determinations. The processor 212 is in commuioicavith a memory 214 that
contains a database of information that is eitimuited into the controller 210,
determined by the processor 212 of the controll€y, 2r communicated from another
controller or device, to be stored within the meyn@d4. The processor 212 and
memory 214 are also in communication with a commation subsystem 216 that has
input and output subsystems 218 and 220 to reegiddransmit information and data
for the controller 210. The communication subsys®#16 connects the one or more
engine monitoring controllers to the one or morgiea controllers 210 and to other

controllers and/or systems by one or more netwdas

[0042] The network(s) 222 may be a cellular network, all@ea network, a wide
area network (e.g., Wi-Fi), a cloud, a virtual peral network (e.g., VPN), an
Ethernet network, and/or a public network suchhaslhternet. The communication
subsystem 216 may, alternatively or in additional@e shorter-range wireless
communications between the one or more engine wramit controllers and other
computing devices, using, for example, Bluetoothd/@an other technology.
Accordingly, the communication sub-system 216 magiude one or more optical,
wired and/or wireless network interface subsysterag]s, adapters, or other devices,
as may be needed pursuant to the specificationsragesign of the particular engine

controller.

[0043] A display module 224 is also in communication witle processor 212,
memory 214 and communication subsystem 216. Téma)i module 224 typically is
a screen that displays information retrieved frdva processor 212, memory 214 or
communication subsystem 216 to convey informatoothé user.

[0044] A user interface subsystem 225 similarly is in camioation with the other
components of the engine monitoring controller 2ib@juding the processor 212,

memory 214, communication subsystem 216 and disptagule 224. In this manner,
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a user my input information, data, historical daigorithms, models and the like into

the engine monitoring controller 210 and receiferimation as requested.

[0045] An engine performance monitoring system 226 is alssommunication with
the processor 212, memory 214 and communicatiosystem 216 of the engine
monitoring controller 210. The engine performanuanitoring system 226 includes
sensors 228 and 230 in the engine 102 that measald¢ime parameters of the
engine. In one embodiment, sensor 228 is a termyeraensor that measures the air
temperature of air entering the engine and sen30ri® a temperature sensor that
measures the air temperature of the exhaust existia engine 102. In another
embodiment, one of the sensors 228 or 230 is a flmgsensor. The sensors 228
and 230 take real time measurements that are cormated to the processor 212 and
memory 214 of the engine monitoring controller 210.

[0046] The engine performance monitoring system 226 in@mbodiment monitors

the condition of the thermal barrier coating of thegine utilizing methods as
presented in U.S. Pat. No. 9,395,301 that is irmated by reference herein. Thus,
the sensors 228 and 230 monitor coating parametehsding temperature at the

coating to utilize the methods presented in thd ‘Batent.

[0047]In this manner, the processor 212 can make detatioins such as calculating
fuel efficiency of the engine. Such determinaticaa then be compared to an engine
profile created from historical data of similar eves or from test cell data from
testing of the engine prior to use. Based on thraparison the processor 212 and
thus controller 210 determines a date or rangeatdsdfor maintaining the engine for
the individual aircraft. Alternatively, the reame measurements, data, information
or determination of the one or more engine momgpontrollers are communicated
to the one or more engine controllers 110 for @mileterminations and calculations
and to determine a date or range of dates for ewamice for the individual aircraft.
The communication between the one or more engimgrater 110 and engine
monitoring controller 210 is provided through commumation links, including wired

and/or wireless, direct or indirect, connections.

[0048] The sensors 228 and 230 may include thermocoupétsgenerate potentials
representative of temperatures or changes in tenperin the air, a thermometer, or
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another device that can sense temperature and agjenan output signal to the
controller 210 that indicates temperature. Thesgeen228 and 230 may also be a
piezoelectric strain gauge, a capacitive pressens®, an electromagnetic pressure
sensor, or other device that can sense presstine afr and generate an output signal
to the controller 210 that indicates the pressuhe.one embodiment, one of the
sensors 228, 230 or an additional sensor may lmxygen sensor that measures the
amount of oxygen conveyed to the engine. The obetr210 may monitor the rates
of air flow through the engine during flight fromasss flow sensors that are coupled

with or included in the engine.

[0049] The one or more engine monitoring controllers 2Eh ke the engine
controller of the aircraft 106. The one or morgiae monitoring controllers 210 may
be a Full Authority Digital Engine Controller (FADE, a component thereof, or a
separate module in communication with a FADEC (e one or more electronic
communication links or networks). Optionally, themitoring system 226 includes an
on-board engine monitor, of a range of charactesissuch as the frequency of data

acquisition.

[0050] The control system 100 can also optionally incladkeet management system
300 having one or more fleet operations control@t®. The one or more fleet
operations controllers 310 can be of any typeuiclg but not limited to a computer,
computing device, laptop computer, mobile deviedhldt computer, smart phone,
body-mounted device, wearable device, server, grger computer system, network
of computers, or the like. The fleet operationstoaler 310 includes a processor 312
that can also be of any type, including but noitkaeh to a controller, microprocessor,
microcontroller, digital signal processor, and file that can receive, determine,

compute and transmit information.

[0051] The processor 312 can have algorithms and lookabjes inputted therein
through programing or the like. In this mannere throcessor 312 can make
calculations based on parameters of the engineaB@Raircraft or compare such
parameters to the look-up tables to make deterioimat The processor 312 is in
communication with a memory 314 that contains alokte of information that is
either inputted into the controller 310, determineg the processor 312 of the
controller 310, or communicated from another cdigrer device, to be stored within
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the memory 314. The processor 312 and memory @l4dlso in communication with
a communication subsystem 316 that has input atplibsubsystems 318 and 320 to
receive and transmit information and data for thetioller 310. The communication
subsystem 316 connects the one or more fleet apesatontroller 310 to other
controllers and/or systems of the control systemobg or more networks 322,
including the one or more engine controllers or ¢éine or more engine monitoring

controllers.

[0052] The network(s) 322 may be a cellular network, al@rea network, a wide
area network (e.g., Wi-Fi), a cloud, a virtual meral network (e.g., VPN), an
Ethernet network, and/or a public network suchhaslhternet. The communication
subsystem 316 may, alternatively or in additional#d@ shorter-range wireless
communications between the one or more engine wramit controllers and other
computing devices, using, for example, Bluetoothd/@an other technology.
Accordingly, the communication sub-system 316 magiude one or more optical,
wired and/or wireless network interface subsysterag]s, adapters, or other devices,
as may be needed pursuant to the specificationsragesign of the particular engine

controller.

[0053] A display module 324 is also in communication witle processor 312,
memory 314 and communication subsystem 316. T¢madi module 324 typically is
a screen that displays information retrieved frdva processor 312, memory 314 or

communication subsystem 316 to convey informatoothé user.

[0054] A user interface subsystem 325 similarly is in camioation with the other

components of the fleet operations controller 3it@juding the processor 312,
memory 314, communication subsystem 316 and displagule 324. In this manner
a user my input information, data, historical dadgorithms, models and the like into

the engine monitoring controller 310 and receiferimation as requested.

[0055] By using the one or more fleet operation contrell@t0, in addition to single
engine coating restoration schedule optimizatian| fleet optimization is also
considered. Portions of engine data and/or coagstpration schedule data, may be
supplied to the one or more fleet operations cdéletio 310 and/or the one or more

controllers of a coating restoration system. Tiwes the one or more fleet
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operations controllers 310 are configured to managd®ne engine coating restoration

for a fleet of aircraft.

[0056] In one example, as the controllers 110 and/or Zt@rthine dates or ranges of
dates maintenance should occur in individual aftctlae one or more fleet operations
controllers 310 receive this information for anientleet of aircraft. In this manner,
the one or more fleet operation controllers 310 datermine if a predetermined
percentage of the fleet exceeds a threshold pegeribr maintenance down time to
reschedule maintenance of at least one aircrahsoire the proper amount of aircraft

remain operating within the fleet.

[0057]In another example, as the controllers 110 andAdr @etermine dates or
ranges of dates maintenance should occur in ing@bidircraft, the one or more fleet
operations controllers 310 receive this informationan entire fleet of aircraft. In
this manner, the one or more fleet operation ctleteo310 can utilize an algorithm
that utilizes all of the flight schedules of allthie aircraft that require maintenance in
a given range of dates to determine the locatiah ¢bating restoration for all of the
aircraft being restored is to occur to minimize dtwe of the aircraft under

maintenance.

[0058] The control system 100 also includes one or mongratbers 410 of a coating
restoration system. The one or more controllefseflthe coating restoration system
can be of any type, including but not limited toamputer, computing device, laptop
computer, mobile device, tablet computer, smartnghobody-mounted device,
wearable device, server, enterprise computer systetavork of computers, or the
like. The engine controller 410 includes a prooedgd 2 that can also be of any type,
including but not limited to a controller, micropessor, microcontroller, digital
signal processor, and the like that can receivégroegne, compute and transmit

information.

[0059] The processor 412 can have algorithms and lookabfes inputted therein
through programing or the like. In this mannere throcessor 412 can make
calculations based on parameters of the engineaf@Raircraft or compare such
parameters to the look-up tables to make deterioimat The processor 412 is in

communication with a memory 414 that contains alokde of information that is
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either inputted into the controller 410, determineyg the processor 412 of the
controller 410, or communicated from another cdlgrmr device, to be stored within

the memory 414.

[0060] The memory 414 includes a restoration history detaband a coating
restoration parameters database. The restoratgiarpidatabase stores information
related to the coating restoration history of thebine engine system, such as, when
was the date of the last coating restoration ofttlbine engine and what coating
restoration was performed. The coating restoraparameters database includes
information related to the coating restoration megns available to be used to restore
a particular turbine engine, such as data on alil@vle coating restoration regimens,
which coating restoration regimens are availableviaith locations geographically,
whether a coating restoration crew at a particldeation is available to perform a

coating restoration, and the like.

[0061] The processor 412 and memory 414 are also in comcation with a
communication subsystem 416 that has input andubstbsystems 418 and 420 to
receive and transmit information and data for tbetioller 410. The communication
subsystem 416 connects the one or more contrallE@sof the coating restoration
system to the other controllers and systems byaormaore networks 422, including
the one or more engine controllers, the one or reaggne monitoring controllers or

the one or more fleet operations controllers.

[0062] The network(s) 422 may be a cellular network, all@ea network, a wide
area network (e.g., Wi-Fi), a cloud, a virtual meral network (e.g., VPN), an
Ethernet network, and/or a public network suchhaslihternet. The communication
subsystem 416 may, alternatively or in additional#d@ shorter-range wireless
communications between the one or more engine wramit controllers and other
computing devices, using, for example, Bluetoothd/@an other technology.
Accordingly, the communication sub-system 416 maglude one or more optical,
wired and/or wireless network interface subsysterag]s, adapters, or other devices,
as may be needed pursuant to the specificationsragesign of the particular engine

controller.
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[0063] A display module 424 is also in communication witle processor 412,
memory 414 and communication subsystem 416. Téma)i module 424 typically is
a screen that displays information retrieved frdva processor 412, memory 414 or

communication subsystem 416 to convey informatoothé user.

[0064] A user interface subsystem 425 similarly is in camioation with the other
components of the one or more controllers 410 ef ¢bating restoration system,
including the processor 412, memory 414, commuiticaubsystem 416 and display
module 424. In this manner a user my input infdroma data, historical data,
algorithms, models and the like into the one orencontrollers 410 of the coating

restoration system and receive information as retgde

[0065]Fig. 2 shows the coating restoration system 45@ iheoperated by and
includes controller 410. The coating restoratigsiesm 450 includes a mobile supply
unit 452 such as a truck or is incorporated intwcak cart, trailer, or other type of
vehicle or support structure. The mobile supplyt 452 includes a power supply
454, an air supply 456, a water supply 458 andagirng restoration unit 460 mounted
on the mobile supply unit 452. The coating restoraunit 460 includes a rail 462
and glider 464 with an attachment mechanism 46éerglider that attaches a spray
nozzle 468 that receives a slurry and air to ougptiating for a component such as a
thermal barrier coating. The rail 462 and glidéd 4ystem provide for 360° degree
movement to coat any surface of the component. cblaéing restoration system 450
stores the restoration coating agent so that itbeadelivered to the spray nozzle 468

for application in the turbine engine.

[0066] The one or more controllers 410 of the coatingorasion system 450 are
operated by an engine coating restoration sergieeh) as at an A check, C check, or
procedure at an airport. The one or more contMlE O of a coating restoration
system 450 is in communication with all of the atbentrollers 110, 210 and 310 of
the control system 100. All historical data stoa¢the one or more controllers 410 of
the coating restoration system 450 is communictdeal of the controllers 110, 210
and 310 within the control system 100 to be utilize determinations, calculations,
algorithms and as otherwise needed by the contsoll@0, 210 and 310 within the

control system.
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[0067] The one or more controllers 410 of the coatingarasion system 450 obtains

and stores historical data about the engine oetiggne's coating restoration history.
This is through data inputted into the one or nametrollers and data determined in
real-time and stored within the memories of the oneore controllers 110, 210 and
310. The one or more controllers 410 of the cgatiestoration system 450 are
configured to use the historical data to determame engine coating restoration
scheme for the operator. The one or more contsoldé0 of the coating restoration
system 450 communicate with the other controllé@, 210 and 310 in the control

system 100 to schedule maintenance intervals bgsaudl certain parts or modules of
the turbine engine that need replacement. Thesptie or more controllers 410 of
the coating restoration system 450 are configueddétermine the amount of

restoration required for an individual componentmdule. Consequently, the one or
more controllers 410 of the coating restorationtesys 450 are configured to

determine if an engine 102 merely needs a minorhawd/restoration procedure, and
based on the restoration required the one or mongrallers 410 of the coating

restoration system 450 initiate a coating restomatiAs a result, the engine coating or
coatings are restored and the engine is quicklymet! to service, thereby extending

the engine's efficiency until a major overhaulaguired.

[0068] The one or more controllers 410 of the coatingorasion system 450 are
configured to issue a prompt or notification in @rdo prevent the occurrence of a
scheduled coating restoration cycle, if the onenore controllers 410 of the coating
restoration system 450 determines that the engiegisval from service is imminent
(e.q., for regularly scheduled required maintenandée one or more controllers 410
of the coating restoration system 450 include datadatabase or memory regarding
the date on which predetermined maintenance iscmuro The one or more
controllers 410 of the coating restoration systeB® 4hen compare a date of
maintenance determined as a result of system p&eesrand if the date falls within a
predetermined range, such as one month, of the datehe predetermined
maintenance, the one or more controllers 410 ofctiaing restoration system 450

are configured to cancel the determined date ohteaance.

[0069] Thus, the one or more controllers 410 of the cgatastoration system 450 are

configured to coordinate coating restoration cyel#h other maintenance schedules
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as well as operational schedules. The one or monérallers 410 of the coating
restoration system 450 are configured to estalishoest variation of cycle times in
which the optimum parameters of engine coatingoraibn are determined,
including the time interval between coating resiords), the duration of coating
restoration(s), the particular mixture or compasitiof the coating restoration
solution, and the like. The one or more controlléi® of the coating restoration
system 450 are configured to establish a predicibating restoration schedule based
on the historical data. The predictive coatingaegion schedule can then be used by
the engine manufacturer in order to better prediggine coating restoration as a

function of minor and major overhaul intervals.

[0070] Fig. 3 shows a method for determining maintenarica toirbine engine 500.

At 502, the measurements of parameters of a turbngene are taken in a test cell
prior to use of the turbine engine. At 504, anieagrofile is formed based the
measurements or on historical data of similar esgjisnd inputted or communicated

to the controllers of a control system.

[0071] At 506, a controller monitors parameters of theiesmgduring operation.
These parameters can include engine temperatuferedit air temperatures at the
engine, fuel consumption and the like. At 508amembodiment where the engine is
on an aircraft, parameters of the aircraft are ttgouand communicated to controllers
in the control system. These parameters includere@mmental conditions during
flight, flight durations, air speeds and the like.

[0072] At 510, a controller makes determinations basedhanparameters of the
engine and the aircraft (for such an embodimeBgsed on these determinations the
controller determines a date or a range of datesmfmintenance of the engine to

restore a coating at 512.

[0073] At 514, the determined date or range of datesnsnconicated to a controller
of a coating restoration system. At 516, the auiler of the coating restoration
system compares the date or dates communicatee-epermined maintenance date
of the engine to determine if the initial deterndrdate or range of dates falls within a

range of dates prior to the pre-determined maimesa
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[0074]If at 516 the initial determined date or range afed falls within the range of
dates prior to the pre-determined maintenance,18t the controller of the coating
restoration system cancels the date or range @sddg¢termined and removes the
engine or aircraft (in such an embodiment) fronestaration schedule. If at 516, the
initial determined date or range of dates doedalbtvithin the range of dates prior to
the pre-determined maintenance, at 520 the coetraf the coating restoration

system leaves the determined date on the restorstitedule.

[0075] At 522, in an embodiment where the engine is omiesraft and that aircraft

belongs to a fleet of aircraft, the updated resimmaschedule is communicated to a
fleet operation controller. At 524, the fleet cgésn controller determines the
percentage of aircraft in the fleet that are onréstoration schedule for the date or

range of dates from maintenance.

[0076] At 526, if the percentage of aircraft in the fldbat are on the restoration
schedule for the date exceeds a threshold pereentiag fleet operation controller
will delay the restoration for a predetermined antoof time when the percentage
falls below the threshold percentage. At 528h& percentage of aircraft in fleet that
are on the restoration schedule for the date doeexteed a threshold percentage the
fleet operation controller leaves the determinede dar range of dates on the

restoration schedule.

[0077]Fig. 4 shows a flow chart of a method of restorngoating 600. At 602 the
measurements of parameters of a turbine engintlaeea in a test cell prior to use of
the turbine engine. At 604 an engine profile ierfed based the measurements or
historical data of similar engines and inputted@mmunicated to the controllers of a
control system.

[0078] At 606, a controller monitors parameters of theime@gduring operation.
These parameters can include engine temperatuferedit air temperatures at the
engine, fuel consumption and the like. At 608amembodiment where the engine is
on an aircraft, parameters of the aircraft are ttgouand communicated to controllers
in the control system. These parameters includere@mmental conditions during

flight, flight durations, air speeds and the like.
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[0079] At 610, a controller makes determinations basedhanparameters of the
engine and the aircraft. Based on these deteribnsathe control system determines

a date or a range of dates for maintenance ofrtgme to restore a coating at 612.

[0080] At 614, on the date of restoration the controlliea coating restoration system
determines based on the date of restoration anddterminations based on engine
and aircraft parameters the surfaces of the erigibe coated, the amount of coating

to be supplied and/or the consistency of the cgatiaterials.

[0081] As an example of how the methods of Figs 3 and &wehen a turbine
engine is manufactured for an aircraft, before saguthe engine on the wing, test
cell measurements are taken of the engine andtetpunto the either the engine
optimization controller, engine monitoring contesllor both. This information is
then communicated wirelessly to all of the conelin the control system. During
operation of the engine, the engine is utilizedtfa first time on January1 The
engine monitoring controller receives inputs frohe taircraft engine controller
regarding flight information, including but not litad to environmental conditions
including temperature and precipitation at take-afid landing, date and time of
flight, air temperature changes, relative humiday, quality, air speed and wind
conditions for each flight during operation. Sitankeously, the engine monitoring
controller receives inputs from engine sensors roBgg the air temperature of the
exhaust in the engine and fuel consumed. The nrdbon and data inputted and
received is stored in the memory of the engine toang controller and
communicated to the engine controller during aleragpions of the engine. The
controllers utilize algorithms to determine thefpeoof the engine after completion of
each flight based on the information and data gathduring operation and based on

historical data.

[0082]In the example, after a flight on Jun& af the same year, the calculated
profile based on engine exhaust temperature is acedto the engine profile formed
during testing, and a controller determines maiater is not needed. The algorithm
then determines based on the historical data oétiggne parameters to that date, at
the current pace of wear the thermal barrier cgabinthe engine should be restored
on Sept. 1 of the same year. This information asmunicated to all of the
controllers in the control system including the @amemore controllers of the coating
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restoration system and the one or more fleet operabntrollers. The one or more
controllers of the coating restoration system tieempare the Sept. 1 date to the
regularly scheduled maintenance date of the engthgh is Jan. 1 of the next year.
Because the Sept. 1 date is more than one monty, #veaone or more controllers of
the coating restoration system schedule the erfgmmaintenance on Sept. 1 of this
year. The information is then communicated to dkieer controllers of the control

system including the one or more fleet operatiangrollers.

[0083]In the example, the one or more fleet operationstrotbers receive the
information that the engine is scheduled for redton of the thermal barrier coating
on Sept. 1 of this year. The fleet operations rdletr then calculates the percentage
of aircraft in the fleet that are currently schestufor maintenance on Sept. 1 is 2% or
less than the 3% threshold percentage of airanathe fleet undergoing maintenance
for that day. As a result, the fleet operationstaaler does not change the date of the
scheduled maintenance and the engine is scheduieddintenance on Sept. 1. On
the day of maintenance, the one or more controtietbe coating restoration system
have the coating restoration system provide thedptermined amount of coating of

the engine to restore the engine profile.

[0084] In a second example, the same steps occur asrshexample, wherein after
the June 1 flight a controller makes an initial determinatitivat the maintenance is to
occur on Sept. 1 of this year. This time the eagirofile is determined as a result of
monitoring the thermal barrier coating using methaxlitlined in U.S. Pat. No.
9,395,301. Again the one or more controllers @ tbstoration system determines
that regularly scheduled maintenance is not uafi. 1 of next year and leaves the
aircraft on the restoration schedule for maintepafar Sept. 1 of this year and
communicates this information to the fleet operagicontroller. In this second
example, the fleet operations controller calcul#tespercentage of aircraft scheduled
for maintenance is 4%, above the threshold pergentaf aircraft. The fleet
operations controller then determines the maintemafate to be Oct. 1 of this year
when only 2% of aircraft are scheduled for maintex@a The new maintenance date
is then communicated to the other controllers an¢bntrol system including the one

or more controllers of the coating restoration eysthat again compares date to the
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regularly scheduled maintenance and because ibiie than a month away, keeps the

Oct. 1 maintenance date scheduled.

[0085] In the second example, when the Oct. 1 maintenaocers, the one or more
controllers of the coating restoration system mestdhe thermal barrier coating by
increasing the amount of coating and surface afeidieo engine the spray device
covers compared to the amount of coating and seiidaea coated if the maintenance
occurred on Sept. 1 as was originally scheduled. this manner, the coating
restoration system compensates for the late maintenby enhancing the restoration.

[0086] In a third example, the same steps occur as thedkample with the engine
profile being determined based on engine efficienbythis third example, after the
June ¥ flight a controller makes an initial determinatitivat the maintenance is to
occur in a range of dates between Dec. 7-14 of yha&w. These initial dates of
maintenance are scheduled and communicated totliee controllers including the
one or more controllers of the coating restoraigstem. The one or more controllers
of the coating restoration system then comparestheduled range of dates to the
regularly scheduled maintenance of the engine an Jaof the next year and
determines this is within one month of the regylatheduled maintenance. Thus,
the one or more controllers of the coating restonasystem moves the maintenance
of the thermal barrier coating to the date of tkgutarly scheduled maintenance,
cancelling the Dec. 7-14 maintenance.

[0087]In the third example, at the regularly schedulednteaance, similar to the
second example, the amount of coating and surfeea af the engine the spray
device covers increases based on the later mamter@gate scheduled compared to
the original date calculated by engine monitoringntooller.  Thus, additional

protection is provided.

[0088] In a fourth example, the same steps occur as tsieefkample, only after the
June f'flight the algorithm makes an initial determinatithat the maintenance is not
to occur until Feb. 1 of the next year. This aditlate of maintenance is scheduled
and communicated to the other controllers includivgone or more controllers of the
coating restoration system. The one or more ctetsoof the coating restoration

system then compares the scheduled date to thé&arggscheduled maintenance of
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the engine on Jan. 1 of the next year and deteamihis is after the regularly
scheduled maintenance. Thus, the one or moredilemsr of the coating restoration
system moves the maintenance of the thermal batoating to the date of the
regularly scheduled maintenance, cancelling the E@baintenance.

[0089] In the fourth example, at the regularly scheduledntenance, the amount of
coating and surface area of the engine the spragaleovers decreases compared to
the amount and surface area if maintenance would bacurred on Feb. 1. Thus,
based on the earlier maintenance date scheduleghaceth to the original date
calculated by engine monitoring controller not agchrestoration is required and the

restoration application is altered.

[0090] In an additional example the engine monitoring catgr monitors the amount
of engine cycles and the average ambient temperafuthe plane during operation.
Based on these parameters the control systemestifiziook up table to determine a

maintenance date for the engine.

[0091]In another example the engine monitoring controller the engine
optimization controller monitors historical data oral time data of engine and
airplane parameters. Such parameters include omaooe of an engine exhaust
temperature, a condition of the coating of the eegengine fuel flow, compressor
exit pressure, compressor exit temperature, endarating, engine speed, engine
cycles, engine power use, environmental conditianghient airplane temperature or
dates of engine use. Based on one or more of trmseneters, the control system
determines a maintenance date for the engine. sysiem on the maintenance date
applies an additive to increase the useful lif¢ghef engine to greater than 100%. For
example, if an initial coating on or in an engingsha useful life of 1,000 engine
cycles but, after some use of the engine the ap&ias a remaining useful life of 750
engine cycles, application of the additive to tbatang may increase the useful life of
the coating to 1,100 total engine cycles or mayease the useful life by an
additional 300 engine cycles such that the actot@l tuseful life of the coating is
extended beyond the initial 100%.

[0092] As another example, the determination of when terek a useful life of a

coating in or on an engine may not be based oate sir absolute date, but may be a
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relative time. For example, due to different emgirbeing used different amounts,
identical coatings on different engines may neestoration or application of
additives at different times. The one or more aalgrs described herein may direct
application of the additive to a coating as a nunddeengine cycles. The additive
may need to be applied before expiration or upgriration of the number of engine
cycles. Optionally, one or more controllers ddsedli herein may direct application of
the additive to a coating as a trigger point. Trigger point can be a point in time at
which the additive should be applied to the coabafpre continued use of the engine
after the trigger point occurs. A trigger poinndae a number of engine cycles, a

number of hours of engine usage, or the like.

[0093] In one embodiment, a control system is providetle ontrol system has one
or more controllers configured to determine whemxtend a life span of a coating of
an engine by applying an additive to the coatingedaon one or more monitored
parameters of the engine. The one or more coetsolllso are configured to, direct
application of the additive onto a coating of thegiee based on the monitored
parameters of the engine.

[0094] In one embodiment, the coating is a thermal bacaoating.

[0095]In one embodiment, the one or more controllers ughel an engine
optimization controller and a fleet operation coflar. The engine optimization
controller is configured to determine an initial imtanance date and the fleet
operation controller is configured to determine timaintenance date. In one
embodiment, the determined maintenance date is tlage the initial maintenance
date. In this embodiment, the one are more cdatsolre configured to increase the
amount of coating sprayed on the engine based @m#intenance date determined

by the fleet operation controller.

[0096]In one embodiment, the one or more controllers ughel an engine
optimization controller and a controller of a reatove coating system. The engine
optimization controller determines an initial m&nance date based on the monitored
parameters of the engine and the controller of rkstorative coating system is
configured to determine the maintenance date. nen @mbodiment, the determined

maintenance date is later than the initial maimeradate. In this embodiment, the
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one are more controllers are configured to incrédseamount of coating sprayed on
the engine based on the maintenance date deternmypethe controller of the

restorative coating system.

[0097]In one embodiment, the monitored parameter of tigine includes one or
more of an engine exhaust temperature, a conddfothe coating of the engine,
engine fuel flow, compressor exit pressure, congmesXit temperature, engine
derating, engine speed, engine cycles, engine pas&r environmental conditions,

ambient airplane temperature or dates of engine use

[0098] In one embodiment, the one or more controllercandigured to determine an
amount of additive to apply onto the coating basedhe monitored parameters. In
another embodiment, the one or more controllercanéigured to determine the type
of additive to apply onto the coating based onntlomitored parameters.

[0099] In one embodiment, a method of coating an engimpeagided. Steps include
monitoring engine parameters with one or more adletis and determining an engine
maintenance date with the one or more controll@se8 on the monitored engine
parameters. A coating restoration system havimgohile spray device is provided
and coats the engine with the spray device on tiggne maintenance date based on

the monitored engine parameters.

[00100]In one embodiment, the method additionally provithesstep of determining

the engine maintenance date comprises the stepssinfig the engine to form an

engine profile and comparing the monitored engiammeters to the formed engine
profile to determine an initial engine maintenade¢e. The initial maintenance date
is communicated to a fleet operation controller Hrapercentage of aircraft in a fleet
undergoing maintenance on the engine maintenarteeisiaetermined. The engine
maintenance date is then determined based of treermiage of aircraft in a fleet

undergoing maintenance on the engine maintenartee dia one embodiment, when
the percentage of aircraft is above a threshold¢gmeage the determined engine
maintenance date is different than the initial aagnaintenance date.

[00101]In one embodiment, the step of determining the rengnaintenance date
comprises the steps of testing the engine to forrergine profile and comparing the

monitored engine parameters to the formed engioélgrto determine an initial
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engine maintenance date. The initial maintenanag ds communicated to a
controller of a restorative coating system. THenihitial engine maintenance date is
compared to a regularly scheduled maintenance aladethe maintenance date is
determined based on the regularly scheduled mantendate. In one embodiment,
the determined engine maintenance date is diffetkan the initial engine
maintenance date. In this embodiment, the coetroli the restorative coating system
can increase an amount of coating based on thenengaintenance date being
different than the initial engine maintenance ddtethis embodiment, the controller
of the restorative coating system can change g gyattern of the spray device based
on the engine maintenance date being different thannitial engine maintenance
date. In this embodiment, the controller of theteeative coating system can change
the consistency of spray based on the engine nma@nte date being different than

the initial engine maintenance date.

[00102]In one embodiment a control system is provided with or more controllers
configured to monitor one or more parameters ofeagine. The one or more
controllers also are configured to determine antagdapplication to direct on the
engine based on the one or more monitored parasnetdéhe engine. The additive
application in one embodiment extends the lifehef éngine to greater than 25% of a
measured initial life span of the engine. In arotambodiment the one or more
controllers also are configured to determine whenadditive application is directed

on the engine.
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[00103]As used herein, an element or step recited initigukar and proceeded with
the word “a” or “an” should be understood as natleding plural of said elements or
steps, unless such exclusion is explicitly statdelrthermore, references to “one
embodiment” of the presently described subject enattre not intended to be
interpreted as excluding the existence of additiengbodiments that also incorporate
the recited features. Moreover, unless expligtbted to the contrary, embodiments
“‘comprising” or “having” an element or a pluralitf elements having a particular

property may include additional such elements awirtg that property.

[00104]1t is to be understood that the above descripointended to be illustrative,
and not restrictive. For example, the above-desdriembodiments (and/or aspects
thereof) may be used in combination with each othen addition, many
modifications may be made to adapt a particularasion or material to the teachings
of the subject matter set forth herein without aBpg from its scope. While the
dimensions and types of materials described heaee intended to define the
parameters of the disclosed subject matter, theybgrno means limiting and are
exemplary embodiments. Many other embodimentsheilapparent to those of skill
in the art upon reviewing the above descriptionhe Bcope of the subject matter
described herein should, therefore, be determingdd reference to the appended
claims, along with the full scope of equivalentsatoich such claims are entitled. In
the appended claims, the terms “including” and vihich” are used as the plain-
English equivalents of the respective terms “cosipg” and “wherein.” Moreover,
in the following claims, the terms “first,” “secoyidand “third,” etc. are used merely
as labels, and are not intended to impose numemgcplirements on their objects.
Further, the limitations of the following claimseamot written in means-plus-function
format and are not intended to be interpreted bage8b U.S.C. § 112(f), unless and
until such claim limitations expressly use the gkrdmeans for” followed by a

statement of function void of further structure.

[00105] This written description uses examples to discleseeral embodiments of
the subject matter set forth herein, including Hest mode, and also to enable a
person of ordinary skill in the art to practice tmbodiments of disclosed subject
matter, including making and using the devices ystesns and performing the
methods. The patentable scope of the subject n@gseribed herein is defined by
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the claims, and may include other examples thatrawcthose of ordinary skill in the
art. Such other examples are intended to be witilenscope of the claims if they
have structural elements that do not differ from literal language of the claims, or if
they include equivalent structural elements witbulpstantial differences from the

literal languages of the claims.
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WHAT IS CLAIMED IS:
1. A control system comprising:

one or more controllers configured to determine wie extend a life span of a
coating of an engine by applying an additive to tlhating based on one or more
monitored parameters of the engine, the monitoegdmeters including one or more
of a condition of the coating, an operational patenof the engine, a comparison

between an engine output and a designated outpai, environmental condition;

wherein the one or more controllers also are condéid to direct application of the

additive onto the coating of the engine based @ nionitored parameters of the

engine.
2. The control system of claim 1 wherein the aaats a thermal barrier coating.
3. The control system of claim 1 wherein the maeitbparameters include a

presence of spalling in the coating as the conuidfothe coating.

4, The control system of claim 1 wherein the maeiioparameters include one
or more of an engine fuel flow, a compressor exéspure, or a compressor exit

temperature as the operational parameter of thdgstor of the engine.

5. The control system of claim 1 wherein the maeiioparameters include one
or more of an exhaust temperature, derating oétiggne, engine overdriving, engine

speed, a number of operational cycles of the engine

6. The control system of claim 1 wherein the maeiloparameters include one
or more of a presence or an amount of dust detéatdte operating environment of

the engine, or an engine inlet temperature.

7. The control system of claim 1 wherein the operal parameter of the engine
includes an operational parameter of one or mor@ cdmbustor, a turbine blade, a

turbine vane, a turbine shroud, or a combustorroekle of the engine.

8. The control system of claim 1 wherein the onenwre controllers are

configured to determine when to extend the lifenspithe coating by determining a
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number of operational cycles that the engine perédoefore the additive is applied to

the coating.

9. The control system of claim 1 wherein the onenwmre controllers are
configured to determine when to extend the lifenspithe coating by determining a

trigger point in time at which the additive is te applied to the coating.

10.  The control system of claim 1 wherein the omenwre controllers are
configured to determine when to extend the lifenspithe coating by determining a
maintenance date by which the additive is to beieghpo the coating.

11. The control system of claim 1 wherein the omenwre controllers are
configured to determine a residual useful life smdnthe coating based on the

monitored parameters and to communicate the rdsideful life span to an operator.

12. The control system of claim 1 wherein the eags a turbine engine of an

aircraft.

13.  The control system of claim 1 wherein the omenwre controllers are
configured to determine an amount of additive tplapnto the coating based on the

monitored parameters.

14.  The control system of claim 1 wherein the omenwre controllers are
configured to determine the type of additive to lgpmto the coating based on the

monitored parameters.
15. A method comprising:

monitoring parameters of an engine having a coathmyparameters including one or
more of a condition of the coating, an operatigpalameter of a combustor of the
engine, a comparison between an engine output addsegnated output, or an
environmental condition to which the engine is esggbduring operation; and

determining when to extend a life span of the cwpbtf the engine by applying an
additive to the coating based on one or more optrameters of the engine that are

monitored.
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16. The method of claim 15 further comprising direg application of the
additive onto the coating of the engine based erptrameters of the engine that are

monitored.
17. The method of claim 15 wherein the coating tkermal barrier coating.

18.  The method of claim 15 wherein the monitorecapeeters include a presence

of spalling in the coating as the condition of tdoating.

19. The method of claim 15 wherein the monitoredapeeters include one or
more of an engine fuel flow, a compressor exit gues, or a compressor exit

temperature as the operational parameter of thédgastor of the engine.

20. The method of claim 15 wherein the monitoredapeeters include one or
more of an exhaust temperature, derating of thenengngine overdriving, engine
speed, a number of operational cycles of the enginauxiliary power use of electric
current generated based on movement of the engirtkeacomparison between the

engine output and the designated output.

21. The method of claim 15 wherein the monitoredapeeters include one or

more of a presence or an amount of dust, or aneartht@mperature.

22.  The method of claim 15 wherein determining wteextend the life span of

the coating includes determining one or more of:

a number of operational cycles that the engineopes before the additive is applied
to the coating,

a trigger point in time at which the additive ist® applied to the coating,

a maintenance date by which the additive is todpdied to the coating, or
a residual useful life span of the coating basethermonitored parameters.
23. A control system comprising:

one or more controllers configured to monitor omemmre parameters of an engine
having a thermal barrier coating, the one or mamameters including one or more of

a presence of spalling in the coating as the cmmdibf the coating, an engine fuel
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flow, a compressor exit pressure, a compressor wdatperature, an exhaust
temperature, derating of the engine, engine owandyj engine speed, a number of
operational cycles of the engine, auxiliary powse wf electric current generated
based on movement of the engine, a presence ofilast environment where the
engine operates, or an ambient temperature of th@omment where the engine

operates,

wherein the one or more controllers also are condéid to direct application of an
additive onto the coating of the engine based encire or more parameters of the

engine that are monitored.

24.  The control system of claim 23 wherein appiaabf the additive extends a
life span of the coating of the engine to greatant25% of an initial life span of the
coating.
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