;e3ezpz\j 6Tpl}Z METHOD AND APPARATUS FOR MANAG NG AN OPERATI ON CRCSS
REFERENCE TO RELATED APPLI CATIONS This application is related to United

St ates Provisional Patent Appli.catj /297,563 filed on 12 June
2001, herein incorporated by ref ermﬂmummmmND OF THE | NVENTI ON Thi s
invention relates to a nethod and an apparat us for managi ng an operation.
More particularly, this inventiion relatés to a conputer-rel ated nethod and
appar at us f or MEFHOINAND ARPARATEUS F QR MANAGING AN OPERATH®N on a gas
turbine engine. The following ternms and phrases will be used throughout the
specification. "Bill of Material" (BOVW refers to a list of conponents that
define a product, such as a gas turbine engine. "Master Parts List" or

"Gran ' £1S t ical parts that could be used in
CISAIRERIRERCIPTO JUpATED St oniphee!

t he product ers to a l1st of parts used by the Oiginal

oot 1 apBitatoRds ol o mlstSuEy b ERRRSEra Rl Argl kP AR e |

product when e CEM or the mai ntenance facility rel eases the product.

Si nce69/987=6§%§f}ét0rwe?y1uaﬁ§9§béefeéfstmw@oaaf Y 1g85&61 y, the As- Shipped BOM
may not be the same as the As-Built BOM If testing proves successful, the
CEM or the maintenance facility rel eases the product engine and the

As- Shi pped BOMwi Il mrror the As-Built BOM If testing proves
unsucB8aKGROUNIR CIEFHETNVENTIONIt enance facility may replace parts on the
product and perform additional testing. If the OEM or the maintenance

faci ity replsapemtiparélates idEmbeodahd Be dpgasdvhidol mandin® en bpRatiaMae t he
As-Built BOM "As-Received Configuration” refers to a list of parts found

in t hgaIBEQQHf}thRXth%o%?%l%?&ﬁé‘fcﬁneﬁxﬁ&i-ﬂefa‘ée\’i ﬂ&ﬁ&d‘&xﬂﬁ%ﬁﬁ@x‘ ﬁﬁana!gﬁngt e

mai ntenance facility perforne previous naintenance operation,” then the
As- Reﬁl%in\{gr%ncceo ggérgt?gnat%lb%rf)eyf'oh‘rlledj Sl Qéas tafbine e%%irfehe As- Shi pped BOM

The following terms and phrases will be used throughout the specification.

“Bill of Material” (BOM) refers to a list of components that define a product, such as a

gas turbine engine.

“Master Parts List” or “Grand BOM” refers to a list of all potential parts that could be

used in the product.

“As-Built BOM” refers to a list of parts used by the Original Equipment Manufacturer
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"Planned Configuration'' refers to a prelimnary list of parts selected by
the mai ntenance facility for reassenbly into the product. "Should Build
Configuration” refers to a |list of parts selected by the mai ntenance for
reassenbly into the product. "Engine Manual" refers to a publication that
contains CEM and avi ation authority (e.g. Federal Aviation Adm nistration,
Joint Aviation Authority, etc. ) approved engi ne nmai nt enance procedures.

"1 ustrat edsRaipsed BOMIP 9ferst6 b ¢k Softpartaindmb pksdatt Wher! RADRM QY in¢es part
nunbers and illustrations for parts used to manufacture an engi ne and for

CEm A e Rl gty 0 g Sl Bl i Bl R ARy, 1

i i h i, nt i Sti ing.. T i.ce Bulletin includ
w0k oA EPENBOM Bl B b€ s enl B A Hoi HOM H B e R e o the
engi ne. " 1(il/g Parts List" refers to the parts that the Service Bulletin can
add t &haQE Wgtﬁﬁ gaintenance fachity releasssdhe progpehenging apg thehy-Rippeh BOM&ilker vi ce

Bulletin can renmove fromthe engine. "Sets Requirement"” refers to a

st i pulzttobtheiAs-Bhidt BRM,ltlestizg nrevas pnsysgessirl.the OEM er hgmeaintgnanch dacilifl Part s
Li st nust be added to the engine and that all of the parts on the Cancel
Par t s maystplatespartzenrtherproddctfand petforen additioral testing (ke OEM ds theam&atenance

Requi renent prohibits partial incorporation of the Service Bulletin. A

" Prer estillitgirklacesPams, de BYIShipkd BOM Wil nbObAthS8iné sLhBWslmliitB @i eady

i ncorporated into an engi ne before a maintenance facility perforns the
subj ect Service Bulletin. Typically, the subject Service Bulletin reworks
sonme of the changes nmade by the Prerequisite Service Bulletin

A
" Concurrent,” rvice BulLletin,refers to Service .Bulletin.th a
i nt enanceAFRECHVE RGeS iR el PLak ReFRUr Bt b ¢ he
] o Chsiannes Bk s e pioasenthe s b Siarmoce oS B bl alereriSus © 2

maintenance operation, then the As-Received Configuration will be the same as the As-Shipped

BOM.

“Planned Configuration” refers to a preliminary list of parts selected by the maintenance

facility for reassembly into the product.

“Should Build Configuration” refers to a list of parts selected by the maintenance for

reassembly into the product.

“Engine Manual” refers to a publication that contains OEM and aviation authority (e.g.
Federal Aviation Administration, Joint Aviation Authority, efc.) approved engine maintenance

procedures.



Service Bulletin. A "Recomended" Service Bulletin refers to a Service
Bulletin that a mai ntenance facility should acconplish along with the

subj ect Service Bulletin in order to gain maxi mrum benefit of the Service
Bul l etins. A nmaintenance facility can performa variety of operations on an
engi ne. Wile perform ng these nai ntenance operations, the naintenance
facility must ensure that the engine retains a valid configuration. In

ot her wor ds]llubtigted R €RNAREGE rdfaGitd b byblibatbn WRf ployidehpirt f@sberpand used in
the engine is conpatible wwth the other parts used in the engine. This

proce .St i i J i e in theory, real
life @@ﬁ??@ﬁ?g??%ﬁﬁégﬁgggﬁéﬁ?&%@gSggggggg§ﬂ§¥f%g*%gﬁﬁi@%%‘the mai nt enance
facility. Configuration managenent becones increasingly convoluted with the
successi ve conplexity of the mai ntenance operation. Mintenance operations
include, in_ increasing order of conplexity, maintenance, repair and

over haul . COffvissibsEn” refrs fappullicaken sontiyeing MEM and gviatiopnahordyr i ng an
over haul that nmintenance facilities performthe process manually. In fact,
mai nt apranees teelyiical datedonibcanorating an segingeaing ichaligeiinfo@h sxisting ending. hhehi s

task. The individuals performng configuration managenent typically consult
sever 8érviieRBulktia isdudes esorb instroétionyabcessary Idhmserpsnity the snginedringechbmgy ing
Manual s, Illustrated Parts Catal ogs and Service Bulletins. These sources of
inforﬂﬁkh?ﬁmare either hard copies or electronic versions of the hard copy.
By manual I'y cross-referencing these discrete sources, the individuals
ensure that each part selected for reinstallation in the engine is proper
and is conpatible with the remai ning parts. However, such nanual

The | nor casald PRIGCEDTRtTE b PRTeahgRories et Bekoaedo s feing, "Ly 'ng an

overhaul, a desire exists for a replacenent process that is quicker than
conventional manual configuration nanagenent. Conventi onal manual
configuration nmanagenent also requires nmultiple audits to ensure accuracy.
Clearly, a“denselBargsdiist’ gefersrto dhe pasisalas thenterpice Bubetin ¢parremors framtthe equi r e
such nultiple audits.

engine.

“Sets Requirement” refers to a stipulation in the Service Bulletin that all of the parts on
the Add Parts List must be added to the engine and that all of the parts on the Cancel Parts List
must be removed from the engine. In other words, a Sets Requirement prohibits partial

incorporation of the Service Bulletin,

A “Prerequisite” Service Bulletin refers to a Service Bulletin already incorporated into an
engine before a maintenance facility performs the subject Service Bulletin. Typically, the subject

Service Bulletin reworks some of the changes made by the Prerequisite Service Bulletin



Furt hernore, conventional manual configurati on managenent is incapable of
repeatability. A maintenance facility perform ng the sanme mai ntenance
operation on two identical engines would need to performthe sane tine
consum ng configuration managenent research tw ce. The individuals
perform ng the research on the first engine cannot transfer this know edge
under the current manual process to the research for the second engine.

Cearly, a Aglesoh@urfntServit®BuBetitRfACRIESHrvibé BaB&H thhed mamténan@atadiie
Finally, conventional nenual configuration management nmay not produce

consi r&pt. may i nterpret
i nfor %@%%Jogﬁtsg?}]lg X Iﬂﬁ?ﬁp&gl e‘?{}fl ?:h:e %@%fte%%?\hx%lﬂ@é@lent ly. These
different interpretations may result in the issuance of different work
instructions for an identical procedure. Clearly, a desire exists for a
epl acenent process . that prOV| es consistent res BRI EF SUMVARY OF THE
IN\/EI\FI'I ON 14 "Pepeasrding eervies Buiingeleseing Seﬁ\o%Bvlgeﬁlmbatgﬁe}waéheasqb&ﬁt and
i nproved net hod and apparatus for managi ng an operation. It is a further
obj ectSeo¥fic¢ Bullggimesent i nvention to provide a nethod and apparatus for
mai ntaining a product. It is a further object of the present invention to
provi de a mai ntenance nethod and apparatus having a reduced nunber of
manual steps. It is a further object of the present invention to provide a

conput er i zed“RBidiRderitd” BaRABWIRA eéfem@hs&ﬂvi& BullkBh AR DG ReRRREAL | ON

performed on a gas turbine engine. is a further object of the present
t th
time Aoy, SellLas ?S#{%éf%i@@?‘%‘%@g&mﬁ’“%’ﬁﬂ?ﬁ‘@qé%%%? i9,88h SEREHERC ' T

prese nto OVIde a mai nt enance net hod and apparatus t hat
e|in1ﬁ§P@§<ﬁ3$?$8W€eéﬁﬁh is a further object of the present invention
to provide a nmaintenance rret hod and apparatus that is repeatable for

di fferent products.

A maintenance facility can perform a variety of operations on an engine. While
performing these maintenance operations, the maintenance facility must ensure that the engine
retains a valid configuration. In other words, the maintenance facility must verify that each part
used in the engine is compatible with the other parts used in the engine. This process is known as

configuration management.

While simple in theory, real life configuration management creates a daunting task for the
maintenance facility. Configuration management becomes increasingly convoluted with the
successive complexity of the maintenance operation. Maintenance operations include, in

increasing order of complexity, maintenance, repair and overhaul.

Conventional configuration management is so complex during an overhaul that

maintenance facilities perform the process manually. In fact, maintenance facilities often use



These and ot her objects of the present invention are achieved in one aspect
by a conputerized nethod of defining a work scope, conprising the steps of:
providing a list of tasks; selecting a desired task fromthe list; adding
the desired task to the work scope; determ ning whether a related task

exi sts; and adding the related task to the work scope if the related task
exi sts. These and ot her objects of the present invention are achieved in

anot hedveas RevidhNs & ﬁ&fﬁ?ﬂf‘tﬁfs‘téﬁdTH@HﬂMd&ﬁs PERFYrhi Tgr&nﬁ?wi&n ffaRiRment
conprising the steps of: providing a work scope o urality of tasks;

choosj hat i's
ui t abpiafly S g BferafitorbleRBlic ol AP TR R %c%u?%%%&ﬁe?ﬁma

confl j.ct exiSts en e alt te . task and a,renai nder t asks;
nd bR P CRS apl SFni SURRH TS siites BE bR TARon arsthg e nat o
task if no conflict exists, These and other_ objects of the present

i nvenEoRies AreecironicaeEtonsPdhohard copss Rydnamiplly cwﬁﬁfﬁr@mlﬂé@eﬁ%m@r@teof

di spl ayi ng a graphical representation of a relationship between data

el enmestwcasi theiindisiddals bsise that eanbrpadiseigeted éorstimpsllation ip thednginegs arapat abase
of data groups, each data group containing at |east one data el enent;

sel ecthd3 confpatiblearitiothe r@haihing pdfis.a el enent s; searchi ng the dat abase for
i nstances of the desired data elenent; determning a relationship between

t he data groups which contain the desired data el enent; and displaying the
rel ati onshi p. BRI EF DESCRI PTI ON OF THE DRAW NGS O her uses and advant ages

O e PR LIYEH bt RS A ARRALER Lo kB0 03t St e 21

upon reference e specl I'onan raw n gure 1 is
a flomcha e ste s .i.nvol ved.in |ne g Figure 2 is
2 scntig ight ot ipeRed Bl raSatised Bh 8% mabehece RFi rbe B Sur € 3 1<
a screen shot of the conputer systemin Figure 2 during various stages in
the pBY§rBRYtamdesirgrexistsfor gfenl%;zwnmrgeﬁswaw Qickenthan cenventionah manidls of t he
conputer systemin Figure 2 at various stages in the performance of a
secondonfgmiation rganragedents a screen shot of the conputer system during
performance of a second task;

Conventional manual configuration management also requires multiple audits to ensure

accuracy. Clearly, a desire exists for a replacement process that does not require such multiple

audits.

Furthermore, conventional manual configuration management is incapable of
repeatability. A maintenance facility performing the same maintenance operation on two
identical engines would need to perform the same time consuming configuration management
research twice. The individuals performing the research on the first engine cannot transfer this
knowledge under the current manual process to the research for the second engine. Clearly, a

desire exists for a replacement process that is repeatable.



and Figure 6 is another screen shot of the conputer system during
performance of a second task. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wi | e
the present invention could be used to nanage any type of operation on any
type of product, the follow ng description refers specifically to the
managenment of the overhaul process of a gas turbine engine. Figure 1 shows
a flowhart of the main steps involved in a typical engine overhaul process

10. As a fiRigdllyst&@vedoral niaheal @uefifirationphigagsserk Gnayt o produts &meRtat faci ity
prepares the work scope. The work scope identifies the operations that the

mai nt %&%ﬂg.%rf&awe{dme{ém RRIEViQR B8y nbRpRD R RhatiOf cMthihe PRiIHRSLSPRE 10

nore detall below, the maintenance facility may utilize the present

i nventd on..t a.lel n, devel op.t he work scope in . first ste a . second
srep Eategh Qe iR PP RIGR T ehlPn il Reoebhe S dfrreptnBits 16,
t he mai ntenance facjlity disassenbles the engine according to the work

i nst r dRYRUGHANSeR#R eegc%ews %ﬁgarﬁbﬁpée%@cfa&ts for agemlassren pesss et t he
mai nt enance facility inspects the disassenbled parts. The inspection

det er prerades dopsisientawpils; whet her each part: ( 1 ) can be returned to
service (i. e. a serviceable part); (2) requires rework; or (3) nust be
renoved fromservice. Afifth step 20 determ nes whet her the mai ntenance
facility nust revise the work scope based upon the parts renoved fromthe

engi Nn@SRIESrSIEMMABRY, OF TRIRBNVENTENGe facility may di scover that the
As- Recei ved Configuration includes a part not found on the As-Shipped

Conf | gur at ijpg -anB'Bgech@f Hé ﬁg&?%}ﬁ‘?sl\fegﬁbﬂ to'pfo1BY a ﬂé»%‘%]ng k@@gy@d mehB 3yt on

(damage, excessive wear, uring di sassenb requires further
di sassenbl f the engine. As a result, the maintenance facility nust
revis@pPﬂéaﬁé#ng%g PP§FA9Bsi ti on the unexpected part or to include 9
the additional disassenbly steps. If a work scope revision is necessary,
then the process revises the work scope at step 19 and returns to the

fourth step 18 to conplete any additional operations
It is a further object of the present invention to provide a method and apparatus for

maintaining a product.

It is a further object of the present invention to provide a maintenance method and

apparatus having a reduced number of manual steps.

It is a further object of the present invention to provide a computerized method and

apparatus for assisting a maintenance operation performed on a gas turbine engine.

It is a further object of the present invention to provide a maintenance method and

apparatus that reduces the time duration of a maintenance operation.



required fromthe revised work scope. As will be described in nore detai
bel ow, the mai ntenance facility may utilize the present invention to help
revise the work scope in step 19. If no work scope revision i s necessary,
then the process continues to the next step. A sixth step 22 sources the
parts needed for reassenbly of the engine. As discussed above, the

i nspection in the fourth step 18 groups parts into three categories -

servi ceabl gq § rﬁgg{ef bBEct TR JreSnt fnggﬂvq% th rg%vi&eea{ maﬁl%enaﬁ{}iergegba'aﬁ&ance

facility prefe y routes parts identified as servicea Irectly to the
asse(ﬁﬁ&ﬁﬂéﬁhxJﬁﬁgﬁgéﬁhﬁﬂﬁégﬁyéﬁc'"ty preferably routes parts identified
as requiring rewor 0 a repair-source (either an internal |ocation or
external vendor). After rework, the parts travel to the assenbly area.
Finally, the maintenance facility preferably routes parts identified as
renmove fromservice to a materials review section to determ ne whether the
mai nt enanch i§ adirther pbjeetaf theprasent wepionito prevades emeintepaneg hetbodind e sour ci ng
a part. For exanple, the namintenance facility may di scover that a part is
unav aappatites, thiwas repehably foediffetentproducts.ur naround, or is too costly (when
conpared to simlar parts). To avoid del aying the overhaul and/or to reduce
costs, the maintenance facility nmay seek to use a suitable alternate part.
The alternate part, however, nust not alter an otherw se valid engine

confi gur at il dfa BIHRPTBIREASE A BrabiCHRBAOIPHe pRisleqDf GUTRGSL! 1 L
all of the ot ﬁer parts 0ulgead;di n tﬁﬂgrengi r?e. Asn \ji\{elfl e 8ESCI’I egﬁéic?l bﬁore

det ai | bel qw, .t h it enan facility.may  utilize the,present .jnvention
to 11 vurmrebedibabalot TR R6H st soihidBY o werb 2R 0ol DR pLlE Ny o
the engine with the sourced parts obtained during the fifth step 20. An

ei ght fFiestiap agssired fask: fem e G X8 Br e, e ?ftthsrvor&p“épa%i%ﬁérmwgnt h
step 28 determines the success of the testing perforned in the eighth step
26. | whetherceselatgdl taskhexisis; and saddingrithe melated tiaskatot the work seqpe3d thehreddted tiskases

t he overhaul ed engine to the engine owner. If unsuccessful, the process
goes ¢xostan el eventh step 32 which perforns any rework necessary to ensure

t he engi ne passes subsequent testing. Upon conpleting the eleventh step 32,
the process returns to the eighth step 26 to retest the engine.

These and other objects of the present invention are achieved in another aspect by a
computerized method of modifying a work scope, comprising the steps of: providing a work
scope of a plurality of tasks; choosing a selected task from the tasks; locating an alternate task
that is suitable as a substitute for the selected task; determining whether a conflict exists between
the alternate task and a remainder of the tasks; and substituting the selected task in the work

scope with the alternate task if no conflict exists.

These and other objects of the present invention are achieved in another aspect by a
computerized method of displaying a graphical representation of a relationship between data
elements within a database, comprising the steps of: providing a database of data groups, each

data group containing at least one data element; selecting a desired one of the data elements;



The present invention provides a tool to acconplish configuration
managenent during a mai ntenance operation. Differently than conventi onal
nmet hods, the tool uses a conputer systemto assist actively with the
configuration nmanagenment process. Figure 2 presents a schematic
representation of such a conputer system Generally speaking, the conputer
system coul d i nclude a general purpose conputer 101 with a suitable

pr 009&%&![11 §g"&ﬁ£ 20N Kor IHBERIEY of ﬂl‘éfdeﬁl%‘avﬁia el@rﬁéht%etéfﬁﬁx‘ﬁn&%?él t?&r@éﬁsge devi ces

(not shown one or nore I nput devices 103 (e.g. nouse, oar or bar

R O R S A R T T,

conventional connection technology (e.g. LAN, WAN, dial-up or wireless).
Using the network 107, the computer 101 coul d access one or nore renote
resources, such as one or nore servers 109. a  The conputer 101 should be
capabTBBIFdT DESORIAGIGN SHOEHERRSVANGE.  The program may be written in any
sui t abl e | anguage, such as dynam c HTM. or JAVA script. Preferably, the

pr ogr am pr Othetleses@né advantdpes ofithp preserinveatiod wilBbeudoirte appapeaitbithese skitied
interface to help the individual readily perform configuration managenent.
The pmQBE aNuPaSreieréadeab tidshetiBidatioh AAThSdrabvitips] iadihiddual during various
stages of the nmintenance operation. These nodul es can performvarious
functions through access to one or nore databases. Each nodule will be
described in nore detail below The server 109 coul d include the sane
conponent s_a Q9 sho have t he

copabi 1t Pt BeEhenie of ey Fvoryede S cuBs STRMAT, nant he-comput er
101. The maintenance facility may utilize a planning nodul e 200 of the tool
during the first step 12 of the overhaul process 10. Specifically, the

mai ntenance facility nay use the planning nodule 200 to help generate a

li st of thBigush fsiacwheroniic ef qomputes gy siem il byhe presend imvestiening over haul .
Typically, the maintenance facility assenbles such |list before the engine
arrives for the overhaul. The work scope of an overhaul includes the

i ncorporation of selected Service Bulletins ("SBs"). The sel ected SBs

i ncl ude napdated i aSBteen RRotaTYheimpubaisy 588 ifi Bipuasl edidpyvaiioas sagdsie the

performance of a first task;

Figures 4a and 4b are screen shots of the computer system in Figure 2 at various stages in

the performance of a second task;

Figure S is a screen shot of the computer system during performance of a second task;

and

Figure 6 is another screen shot of the computer system during performance of a second

task.



owner. The mai ntenance facility and the engine owner jointly assenble the
nodi fi cati on scope. Wien the mai ntenance facility seeks to performan SB on
the engi ne, the maintenance facility nust remain cognizant of any rel ated
SBs. Exanples of related SBs include prerequisite 12 SBs, concurrent SBs,
supercedi ng SBs and recommended SBs As appropriate, the maintenance
facility may need to add the conpletion of one or nore of the related SBs

t o t hppTdil EDCBERCORIBHOREOF MTHE FSVENTIONO i ncl udes an SB dat abase 111. The
SB dat abase 111 preferably includes el ectronic versions of the hard copy

SBs (e.g. %ﬂ%gﬁeﬁ’&ﬂ%&enﬁ&’# cé‘dl@% H&d‘i&’%né%e“%‘?ﬁ%pé’%e bt G aaggﬁ)% of

ver sl on Of In a Cco I caton unders program

th d I Th |.d | ud
2ot hBPHE e Tpe G on BHERAOerl i s araBEeT L S 3! PREE new

SBs |nto t he SB database 111 for access b t he user jand by the program

Fi gur ef 3@ Whieg/engines Eigsen! sowspsfewehaspithe mpia sgpaimioktpdrip adyricaloogioe t he
programto assist the maintenance facility create the work scope. The

scr eenvé@bdul poadess 1hcl ude an i nput section 203, a filter section 205, a
results section 207, a decision section 209 and an output section 211. Any
ot her suitable arrangenent could be used. The various sections of the
screen 201 will be described in nore detail below The user can nmani pul ate

the input dQwime: si31% O tROBWRLE prdiRsd M Hfe rﬁﬁﬁkh%e%&@h@ préfifesshE GBfk 201
with information specific to the engine. The input section 203 can accept

any | BAGRerPd QBcbid @a&ﬁﬁesttﬁe %%ﬁmggm&;mee s%ﬁlﬂy\m ehEriRp knscope

for the‘over € enaqi ne. ur e i npu alloms

t he user. to, en hat,act.eri sti th as t nunber,
fan dPsiesars WilTe Gota e more i Bpipuy thefh %ﬁtﬁmequﬂw A S BB opr 1 at e
attributes could be used. These attributes help with the data sorting
descr prssentieyeation toshelp deneloy thg ek Ghope Hﬂlilérﬁr%Ié%Pclﬂ the SB database 111 for
i nstances of the attributes provided

At a second step 14, the maintenance facility receives the engine. In a third step 16, the
maintenance facility disassembles the engine according to the work instructions needed to
perform the work scope. At a fourth step 18, the maintenance facility inspects the disassembled
parts. The inspection determines, for example, whether each part: (1) can be returned to service

(i.e. a serviceable part); (2) requires rework; or (3) must be removed from service.

A fifth step 20 determines whether the maintenance facility must revise the work scope
based upon the parts removed from the engine. For example, the maintenance facility may
discover that the As-Received Configuration includes a part not found on the As-Shipped
Configuration. The maintenance facility may also discover a condition (damage, excessive wear,
etc.) during disassembly that requires further disassembly of the engine. As a result, the

maintenance facility must revise the work scope to disposition the unexpected part or to include



in the input section 203 using conventional techniques. Since the nunber of
rel evant SBs may be nunerous, the programallows the user to filter the
results. The user can choose which results to view by making selections in
a filter section 205. The filter section 205 allows, for exanple, the user
tolimt the search results by the engine nodule affected by the SB (the
right side of the filter section 205) and/or by SB category (the left side

of t h@efaliliftidhal TR sHkicRibly Steps. Iﬁbwom@ap@mvm&lf@h@&kéﬁrﬁaﬁerﬁhélﬁfo@bﬁstre\flgést er
setting suited to the needs of the particular engl ne owner. The program

coul d:r]lé%ﬁ)f\‘f?tsg'(%’e of bteb 36 RO rATLD RIS @g,rgeérpogg@reot B EPad d?t?ox{afa?ﬁélr&tﬁa f the

searc he af or enent1 oned S sec

ot her _word r ogr,am di spl ays the relevant SBs. The progran1can
arran 8“’??1‘@“’%’?8???’15%8&018 ‘%’57 in any hel pful manner. The results section
207 has two display categories - eligible SBs and recomended SBs. The
results section 207 places all SBs that satisfy the attributes provided in
the input section 203 in the eligible SB category. Fromthese eligible SBs,
t he resul t 4syaldbe dascRid?d &l morepletsdlawmahe momtenenctefdciiBsmay utihize theconmended
category. In other words, the recommended category is a subset of the SBs
appeapresat invehtién @l hefp Rivie tod wedrs¢opelin&teprIOQIfais w@R ssepelreviBioniesul ts in
this manner using conventional techniques. The user manipul ates the input

devi ChectQAry thenHé FRIcEss\WBhEhueSRS thehexefig. ne owner desires to include in the
nodi fication scope. After making a choice with the input device 103 (e.g.

by left-clicking the nouse), the user can include the selected SB in the
nodi fication scope by clicki ng the Add button appearing in the decision

section 20 fore placin SB.in.the 14 ut sectign 211 and in
The. t enpor ar aisp 2P B Ges Reants needed i Sessntty Of HE SheRErd® SRR Comput er
101, the program perform; several checks. First, the program w II search

t he SEPAYs: thearspeetion ip the furth glepdp giwsmrtﬁ@f%ﬁhrﬁerfétqgmas SHsEeeablf.ng SB
exists. If a superceding SB does exist, the p ram queries the user to

chooskquitinglre®erkt @r ranidve omiservaeet phe meaterianes 1219_ ility prefesatdy pottesquitag SB or
t he superceded SB. The programw ||l then add the chosen SB to the out put
sect i Pen2fldd asepdanbledifectytocthddssamblist red Tlenmpoihtehyndedadciitygrefefably
nodi fication scope within the nmenory of the conputer 101. Second, the
pr ogr fnkedigatts SRAtifiEd AR EBng U WHRIE a 2dphirtsBurlde(@met aeintdmanycatibher rel at ed
external vendor). After rework, the parts travel to the assembly area. Finally, the maintenance
facility preferably routes parts identified as remove from service to a materials review section to

determine whether the maintenance facility must scrap the part.

Problems may arise while sourcing a part. For example, the maintenance facility may
discover that a part is unavailable, has a long lead-time or turnaround, or is too costly (when
compared to similar parts). To avoid delaying the overhaul and/or to reduce costs, the
maintenance facility may seek to use a suitable alternate part. The alternate part, however, must
not alter an otherwise valid engine configuration. In other words, the alternate part must be

compatible with all of the other parts used in the engine. As will be described in more detail

10



SBs exist. Such related SBs include pre-requisite, concurrent or
recomended SBs. If related SBs do exist, the programmay: (i)
automatically add the related SBs to the nodification scope; (ii) query the
user whether to add the related SBs to the nodification scope; or (iii) any
conbination of (i) and (ii) above. The programcould allow the user to
pre-sel ect which types of related SBs the programw || automatically add to
t he L j ; Iche for

el uby o R RCAEER ol ol ihek BleH REn S0 1 A sRARMERRELTR [0

al l owi.ng the yser to adjust settings (not shown) on a pop-up control panel
(not 4 ??Z%hould the user desire any additional information regarding a
specific SB during this process, the user can select the SB with the input
device 103 and select the Detail button 213. The program preferably

| aunches the electronic version of the SB fromthe SB database 111 for

Vi ewi ng by Atdewventls step 24 ¢assenphlesathe enginelwith thee soarast patieobteianed ditieg ba fifthpop- up
menu accessed by 15 right-clicking the nouse. The programwi ||l access the
SB dagtapaseAd dighthrstep2otestd ehetdhgindes ensaek sankfactont openation. Anenthsesp,28or ef er abl y
in another screen (not shown). If necessary, the user can renove an SB from
the magbiniaéd the SuERRST thy teStfgSsekfoRbed PahEBhiledep . TNsultshil, (REFLAR 211
and clicking the Renpbve button in the decision section 209 with the input
devi c (aTo | BT ¢ - . de .bed above
B S S T b
rel at ed SBs m the nodification sc . ce the user has added all of

! he cBSFe b BrO%HE BREHO AR L PR SE R Bl AR APESSRE | npu
device 103 to select OK button 215. Before generatjng fhe new nodification
scopensuFeths eBGRG ARSSEY FubssavcRfiesting ndpors¢rapmletingfhe gleyenth siep Seeds PEOCESS engi ne
mai nt enance hi story database 113 to ensure whether the sel ected SBs have

al r eathpurbe tnthp eightly stepl2@ o retest theigigine. The engi ne mai nt enance history

dat abase 113 preferably includes at least a listing of the SBs al ready
performed on the engine. Should the tenporary work scope register include
pre-perfornmed SBs, the programnotifies the user (not shown) and allows the

user to rerRy preseit nveBton pRMdel 8 tdBP el AdcBRblisHconfigifitioNniaRhfahdny @hting 4 he
program coul d renove pre-perfornmed SBs fromthe nodification scope

aut onplaifidlahye opttsida! PGBy ¥EEn E&RahGohafnEBIdh iEobPlikes S%Bﬁgﬁé¥ ahase 115

t

on the server 109 (or nodifi'es a pre-existing nodification scope ‘dat abase
115 op t.h s.rver.Otﬂi}%. W nt!Fe r.10 t he r t@?
i nt B ST i ok P BB dctSs SRLER pRLERS a ¥t (0 ong
wi th ot her docunents such as the %? inﬁ Nhnﬂal g"ENL? in order to assenble
t he representation of such a computer system. Generally speaking, the co ter system could

include a general purpose computer 101 with a suitable processor (not shown), memory (not

shown), one or more mass storage devices (not shown), one or more input devices 103 (e.g.

mouse, keyboard or bar code scanner) and one or more output devices 105 (e.g. monitor or

printer).
The computer 101 could be connected to a network 107 with conventional connection

technology (e.g. LAN, WAN, dial-up or wireless). Using the network 107, the computer 101

could access one or more remote resources, such as one or more servers 109.

11



16 vari ous work instructions necessary to performthe overhaul on the
engi ne. This task occurs independent of the present invention. The program
then iterates the nodification scope database 11 S through an As- Shi pped
BOM dat abase 117 to create a Planned Configuration database 119. In other
words, the program generates a prelimnary determ nation of the parts that
the mai ntenance facility wll reassenble on the engine. Generating the

Pl anned Configuration database 119 hel ps the mai ntenance facility begin
considering the logistics of the maintenance operation. Wth the

nodi ficati Sco dat.abase .115 and t he Pl anned nf i ation database 119
Gener at od. THHESTRURPNCHRE e caPRF o0 Be SEoaEminaS T PO 98 B | o
preparing to performor while perform ng the overhaul, the naintenance

f aci | Weitenryany; syiable languags, seshag dpjn%lpe‘ﬂT MiLtas JOYeA sriphdirefersblyt the part s
destined for installation in the engine. As discussed above, sourcing

pr obl progranopriostides oheldfthamutpuf dévices(185 writher graptacdl usarantaifheeitp helpythe excessi ve

| ead-tinme, or high part price. The program could notify the maintenance

f aci | individal tdadily pemeeh dehfipudriod Manhidiert OTHRATbHGmIHAE shilepd) MRsuesnd hgist at i on
dat abase 119 to a dat abase (not shown) of parts affected by sourcing

pr obl @E8, iV {a8a R SARDESERS iol“{hte)fnaﬁﬁehé?xc@Bﬁ%}aﬁﬁﬁ"me&fmécﬁﬂéscdaﬁg)eﬂﬁ | ems
bl e t hat d aft

away fromthe program (e.g. sourcing pro have occurr er the

RS e P o BT R A et

e pres I'nvention Viate the
sour Ci ng %‘rsomjegm 17 Figure 4a displays a screen 301 generated by the
anal y&PF 958UPe°%00 of the programto assist the naintenance facility after
di scovering a sourcing problem The screen 301 could include an i nput
section 303 and a results section 305. Any other suitable arrangenent could
be used. The various sections will be described in nore detail below The
i nput sect The1s308 16 cohld indndethe 300e prmparcatsiag camputas 14 1h Eoweer, the sermeer
part-specific

109 should have the capability to process and to store larger amounts of data than the computer

101.

The maintenance facility may utilize a planning module 200 of the tool during the first
step 12 of the overhaul process 10. Specifically, the maintenance facility may use the planning
module 200 to help generate a list of the modifications to the engine that will occur during
overhaul. Typically, the maintenance facility assembles such list before the engine arrives for the
overhaul. The work scope of an overhaul includes the incorporation of selected Service Bulletins
("SBs"). The selected SBs include mandatory SBs and any optional SBs requested by the engine

owner. The maintenance facility and the engine owner jointly assemble the modification scope.

When the maintenance facility seeks to perform an SB on the engine, the maintenance

facility must remain cognizant of any related SBs. Examples of related SBs include prerequisite

12



information in box 303a or nore generalized information in box 303b.
However, the program could use any type of information sufficient to assist
the user in nodifying the work scope. The user can manual |y provide the
desired information with the input device 103 of the conputer 101, or the
user could select options appearing in a drop-down box. For exanple, the
program coul d pre- populate the input section 303 with information fromthe

P anned CRAG-g A Ay ﬁqggoa}&&&nﬁ!&ﬁd SO s WifkopThe. BEAREARRE"

searc |nstances rmation provided by

ZL‘SrEfaeﬂtiﬁ@ty?és%f‘of@dtﬁ%?%ﬁ” 208 o R A SR Bl g iR g "

data appears in the results section 3B), then the subject part is

consi ¥&Ped a basic part. A basic part was installed during original
assenbly of the engine (i.e. the part is in the As-Built BOV. If the
desired part nunber appears in nore than one SB (e.g. in the Add Parts Li st
of one SB and in the Cancel Parts List in another SB), the user mnust

speci fy onFhofertérel 0SBacltidds an SBodavabhaesl] HgThd 8B dabdhse H 1qirefembhoinaludés, t he
user can obtain additional information regarding the SBs while in screen

301. &eérdn@i@sidns 80me 8B3R0BY ISBYRe bR HINAL foith @kzi%vdxﬂ%e QFomEky Bt hegar di ng
Set s Requirenents, Set s/ St age Requirenents or tional pendency ‘by

clickpngahdg vé@%o ch%ﬂ{u‘?@‘z ear?&cﬁ%ﬁh@ B@%r&ﬂ%&eﬁ%&e?&d%nﬂgef“ ng

anot her  w ndow sta ui rement uires

the repl acenent of .ever art on th t_ of the SB.with the
par t sTBGUEHE f’/iacaw%@geq E V{ T@’F PR R O I o Elet PR ) SOPRHE b men
prohibits i ntermx of parts fromthe Add Parts List with parts fromthe
Canc ethe dppiptgpance facdhity twr@élf agvspRg antthsy B defabase & t fosascess Byihe usex and by
Requirenent. A Sets/Stage Requirenent may arise when an SB deals with the
same tbarprommber at multiple locations within the engine. The Sets/Stage
Requi renent allows partial incorporation of the SB by replacing all of the
subj ect parts at one location within the engine. For exanple, a Sets/Stage
Requi renment could allow the maintenance facility to replace all of the
conpr essor Fiphasl® dishla9ih kdi€erf 201t densatt@dy thé plaRMhg module 200 of the program to

assist the maintenance facility create the work scope. The screen 201 could include an input

section 203, a filter section 205, a results section 207, a decision section 209 and an output

section 211. Any other suitable arrangement could be used. The various sections of the screen

201 will be described in more detail below.

The user can manipulate the input device 103 to populate the input section 203 of the
screen 201 with information specific to the engine. The input section 203 can accept any
information sufficient to assist the user in generating the work scope for the overhaul of the
engine. In the figure, the input section 203 allows the user to enter characteristics of the engine,
such as the model number, fan diameter, and the name of the aircraft manufacturer. Other

appropriate attributes could be used. These attributes help with the data sorting described below.

13



replacing the sixth stage bl ades. The maintenance facility would fully

i ncorporate the SB during a subsequent mai ntenance visit by replacing the
si xth stage bl ades. Optional Dependency differs fromboth a Sets

Requi renent and a Sets/ Stage Requirenent. An Optional Dependency i ndicates
related parts within the Add Parts List. An assenbly (such as a ring
segnent), which is fornmed by various subconponents (such as vane assenblies
and pins), typifies related parts within an SB. Wen an Optional Dependency
exists, the programw || display the options available for all of the

rel ated parfs as a gr 19 . . T rqaram.coul d use ocat.ion ldentjfier
(01D 1o abhs miiedh SR sfveh 5 o hAHRET LAY Ein®aRiniE neifed &

gi ven, part nunber coul d reside,at nuH,i ple_ |l ocations in_ the engi ne). The

LI D hifidhe mpyt sscipp 403 yHae sonventiangt teehnigugsqSingihe smber ofeleyag ayts may be
Associ ation (ATA) Specification 100 standards. That is, the first three

fi el deurnérons;éhd progrant atowscha\Uger Ghlterdhe reseles iTbeusem darSelijose whidbasswéts to
separate the first three fields fromthe fourth field and the fourth field
f r om tibe Hyi thalting selbdiond hea fiberrsetticar205f The filtér setibm 20 edlioevs] for txemplEGhdi gur e
and Item Nunber that display the part. The screen 301 al so includes a tools

box 3@fr td mithke §ardhSre 10 b$ A erehR: HodIle GHE1&IH S SRAGN figh aldeioffer mat i on

regarding the selected part. Specifically, the user can obtain infornmation
regar r

ot or EgtReOR ABTandBE b7 2h Raick R (SR Biap S T} sockBh 200 TP Blkeam

al ternate ,patrts . «Rart such, as. cl anps, .t hat. are usable ev i f

cindor DEEE pise Bctafty S8 S Bineryiicy B3ns ndORBe wh pRlchleg PR PR Ko s (1. o
the choi ce of one interchangeabl e part over another interchangeable part)
for tlﬁr@g@m?féﬂgu@@th@\férmn$wt gram coul d al so provide the user with

i nformati on regardi ng sourcing problens such as by querying the sourcing
probl ens dat abase. The program provides this additional information by
opening a new wi ndow (not shown). The program obtains this information by
queryi ng aihd pPOgchmt displags the 3esnilts bhthe searcvte(afteNte aldrememiondd fidtbrsg it AR
preferably includes an electronic version of the hard copy IPC {e.g. in
HTM. fe@iilfsdeltidrOZ0M T2 BihBOwORIS the BEigesh obly didpayyd SRS reRVEntB B ThE Bidghim the | PC

in a codification understood by the program when accessed during a query.
arrange the results section 207 in any helpful manner. The results section 207 has two display
categories — eligible SBs and recommended SBs. The results section 207 places all SBs that
satisfy the attributes provided in the input section 203 in the eligible SB category. From these
eligible SBs, the results section 207 also places the recommended SBs in the recommended

category. In other words, the recommended category is a subset of the SBs appearing in the

eligible category. The program can sort the results in this manner using conventional techniques.

The user manipulates the input device 103 to indicate which SBs the engine owner
desires to include in the modification scope. After making a choice with the input device 103
(e.g. by left-clicking the mouse), the user can include the selected SB in the modification scope

by clicking the Add button appearing in the decision section 209. Before placing the SB in the

14



20 Once the user selects the desired SB, the programrefreshes the screen
301. In particular, the program popul ates i nput section 303b with the

rel evant SB information. The program al so repl aces the results section 305
wi th an out put section 307. The program popul ates the output section 307
with information froma query to the SB database 111. A first section 307a
of the output section 307 display parts added by the SB at the specific

LI D. &ugﬁtcs@a%lﬁmtaxﬂnn%m@n@tn Jh \Aﬁﬁtﬁrﬁﬁnoaﬁ?cfah&{‘sc% d irfihe PdedYoty BiHes added
by the SB at the other LIDS an ich have a Sets Requirement? As described

earl i t cogni zed a sourcing problemwth a
part.g(%g}l?&tg&iladrr]gw%p?{}%gﬁﬁ)a frg%]%err\{%reab aeglr(fl ty may have determ ned that part
nunber 50L290 has a long lead tinme. This long lead tine may affect the
ability of the maintenance facility to conplete the maintenance operation
on tinme. The programallows the user to find a solution to the sourcing

pr obl em anfirstothgeregramyall spaein e Sthdatabsseid 1 ben the seryeeA%igIdetermiedf ¢ cal | y,
the programallows the user to determne if a suitable alternate part is
avai | siipesceding Shhetiterlf o lvepdreacdongo® dodsemistfthe progrint guenias thepmer toichbeset he
engine is a satisfactory solution. The user has two options when

det er whivhB tdwidre % Athitisyctidh 231 - elidwabercpding SB ot ik diperceéalSBERfech for an
"up replacenent” for the subject part or a "down replacenent” for the

subj eﬁo P Wil H2n aHA tHSHoSGPIB | the By it deRtién peY ds REIROFiBYred B 19h1 Ch
cancel s the subject part. To use the "up replacenent” part as the alternate

el RSB oo naRAGCR 0% yably R benbi i SeBRA01 S <) cct part.

To use the "down replacenent” part as the alternate part t he user woul d
need to nodify the work scope to reverse the mork steps described in the
SB. The user can_determ ne _"up replacenent” and "down replacenent” parts by
sel ecting Berond) the pregeam will seerenthe 8 dairhase bdxtoglgtsrmmgd! anyrothergelateds ¢ on
provi des a graphical representation of the "up replacenments” and "down

r epl a8Bsrexists Sudf reldted SBHinebide pre-tequisita cpnagreahopeovmuiendedfiBs. If related

SBs do exist, the program may: (i) automatically add the related SBs to the modification scope;
(ii) query the user whether to add the related SBs to the modification scope; or (iii) any
combination of (i) and (ii) above. The program could allow the user to pre-select which types of
related SBs the program will automatically add to the modification scope and which related SBs
the user should select for inclusion in the modification scope. The program could accomplish this

by allowing the user to adjust settings (not shown) on a pop-up control panel (not shown).

Should the user desire any additional information regarding a specific SB during this
process, the user can select the SB with the input device 103 and select the Detail button 213.
The program preferably launches the electronic version of the SB from the SB database 111 for

viewing by the user. This option could alternately be available on a pop-up menu accessed by



information in a pop-up screen 351 generated by the anal ysis nodul e 300 of
the program The screen 351 provides engine |ocation information 353 (i.e.
LID), hierarchy information 355, incorporation information 357 (i. e.
either displaying the SB that incorporated the part or an indication that
the part is a basic part), and operation information 359 (i.e. what the SB
perfornms on the cancelled part). The program obtains this information

duri "&ggHTléﬁiEkiBF She hBhRL m@ﬁrogfanqwm h&®BssltRe SBAafaBagéat12a8 rohide thd BesiREOIr am
iterates until the down replacenent query reaches basic parts and the up
repl a . e i.n it i.hge the specific SB may
affe?@ﬁgﬁhé?ﬁg%ﬁ%éé%hﬁﬁﬁgagﬁg?%gmgggé?gg%@t?@hg&Sets Requi renent), the user
must ensure that the use of such "up replacenent” or "down replacenent™
alternate part does not affect the engine configuration, does not overly
conplicate the maintenance operation, or significantly increase the price
of the mailimeersrrre. thpasachpremorgan feiromdhempdificationysopersalectingdd ng an
"up replacenent” or a "down replacenent” by selecting a possible

r epl adesirech8Bdppuetpui segtiom2t handdliskingahe/Renove buttoniin thet dediswincsecti @209 withe
conputer 1 O1L. 22 The programw || then display information regarding the
possi thk énpu BEvieE MEN A cRaidingly) thSropRin 120&rselths stepedescrified dboeivebadlisp! ays
the screen 371. Specifically, the user selected part nunber 50L390 as the

possi f &€p ke Mean&lB I tioRIESpe (ﬂ.tﬂsoh:ahﬁvﬁg'rugé:e{gia@éu SBi‘ﬁoxBrtHQﬁl%H?ﬂcét%}P&%gc;)t. he

screen 371. The screen 371 resenbles s 301 in Figure 4b. The sCreen
371 includes an input section 373 and an out put section 375. The program
popul ates the input section 373 with the information on the possible

repl acenen art sel ect by the user he progr t.hen queries the SB

Gaf abace. 19855 e uBEs el arafc,Rirasts fle Bt dbtaPbaheSier At i 1 st
section 375a of the output _section_ 375 displays parts added by the SB at

t he Lngnigplatesdheinpyt davicel O3 to salent K puttan 21A. Belogheensetipnp e ¥5h of t he

out put section 375 displays parts added by the SB at other LIDS and which
have modificatidespope.aheprograrmperfdrms one fidel, chetke The peagnarg Adcessasemsngine user to
the ease or the difficulty of using the possible replacenent part to

over coaiténafcesitistony degatiase bl 16 enbdire sdethet thelstlgeted SBs hasd algeatinbecnup
repl acenent™ part 50L390 to avoid the sourcing problem does not appear

di ffiGdidrmed 8 tS&giRRYhE 885The ARinkAn@ hidtblySdabdate AIB RefpMPRRIdEPI Ut i ON.
I f the user does not deemthe part an acceptable part or the user wi shes to

conti hnyestkgatd T - Gl B return
] CABinE! QRRId BE tSHPGER wrk sesjst
Lot histd gt ég%%tgo&%gle%@tﬁ%not ﬁg?sgéhoess Bipe S epc} (e Jeitipg ‘§ar ¢S

register include pre-performed SBs, the program notifies the user (not shown) and allows the

user to remove such SBs from the modification scope. Alternatively, the program could remove

pre-performed SBs from the modification scope automatically.

The program then creates a modification scope database 115 on the server 109 (or
modifies a pre-existing modification scope database 115 on the server 109). Now on the server
109, other areas of the maintenance facility can access the modification scope database 115

(along with other documents such as the Engine Manual ("EM")) in order to assemble the
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Once the user has determ ned an appropriate solution to the unavail abl e
part problem the user woul d suggest this change to the engine owner. The
engi ne owner woul d then eval uate whet her the benefit of having the

mai nt enance operation conpleted earlier with up or down 23 repl acenent
parts outwei ghs the cost of performng the extra SB to incorporate the up
or down repl acenent parts. Should the engine owner agree with the

sugg eﬁ&rioﬁ@ otk UErubtihs ce%Earﬂ %ﬁ&m tﬁg Sor%g%ulj BA%ile enlghiR. ¥AS rtas}fﬁxg&grs need to

add the i1 ncorporation of suc to t i cati on scope. user adds
the SB to the rk _scope using the planning nodul e 200 descri bed earlier.
The legg%We?tn%?Prgﬁe H’sveﬁtéoerﬁ descri bed in connection with the preferred
enbodi ments of the various figures. It is to be understood that other
simlar enbodi nents may be used or nodifications and additions may be nade
to the described enbodi ment for performng the same function of the present
i nvent i on Whe¢ hograng éhenaterates thérsrodification Sope ditahage 1t hithrgurghsmmis-Shipped | on
should not be imted to any single enbodi ment, but rather construed in

br eadBOM databaseie 7 ite) craearRlamee Gonfiputatien databasal 1 D ilin ofhet Werddpthe pegdamal ai ns.
24 CLAIM5S 1. A conputerized nethod of defining a work scope, conprising

the sp&Ret&fd plRliMhaH BeteBninhtidn ¢¥fthd Airisthat IR Maitddancd fA&Sty Wil feasskmbleom sai d
list; adding said desired task to said work scope; determ ning whether a

rel at gelgf. g X63hctatid e Bfitth céﬁﬁ%ihéth HabibadedS Hefps TR S&CRBG1 T
said r ef aer‘ = asE e§l<til s? ga é}ﬁe me ro nas r g(?i t egkﬁ)r? % %alm f:gnv\hcigr eln’n said
rel at Ed .t ask.c&o.rrgr I sg)s. £r eﬁléﬁei te task (Qr @ concurr ent task, and said
rel at 8"t SYREHY ﬁfée ggﬁc %ﬁb‘? TAREOMREA"OR1 |y adding said prerequisite
task or said concurrent task to said work scope.
With the modification scope database 115 and the Planned Configuration database 119

generated, the overhaul process 10 progresses to the sixth step 22. While preparing to perform or

while performing the overhaul, the maintenance facility may discover a sourcing problem with

one or more of the parts destined for installation in the engine. As discussed above, sourcing

problems could include an unfillable order, part unavailability, excessive lead-time, or high part

price.

The program could notify the maintenance facility of this sourcing problem after
comparing the Planned Configuration database 119 to a database (not shown) of parts affected by
sourcing problems. The maintenance facility could also learn of sourcing problems away from
the program (e.g. sourcing problems that have occurred after the most recent update of the
database). The maintenance facility preferably utilizes an analysis module 300 of the present

invention to alleviate the sourcing problem.
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3. The method as recited in claiml, wherein said related task conprises a
prerequi site task, a concurrent task, a superceding task or a recommended
task, and said related task adding step conprises the steps of:
automatically substituting said desired task with said superceding task on
said work scope; automatically adding said prerequisite task or said
concurrent task to said work scope; and addi ng said recomended task to
said work i £ ' gepa-ale . 25

3 The mettgod gl aRE0T oORILEE BRIl Sl S IR Bk el P Cdes
accessi.ng,a_dat abase tqllo atﬁ said rel ated ta%ﬁ. ;ﬁf nethgg aslrecited in
ol ai oL P PR Ry r‘i‘@‘ef SCOYPURE A POHETE PRICKT g 1eSC8R 40L& M ed task or
said rel ated, task has_been_ previously perfornmed. 6. The nethod as_ recited
in cligplyfde an i ggction 303 and a resyits ieag%?% Wi othsd seiiabls arpangementqogld bez  The
method as recited in claiml1, wherein the work scope is perforned on a gas
t ur biused.eltfgi vagioug secioppwlibedéserbedin e dethil peldwt. yi ng a wor k scope,
conprising the steps of: providing a work scope, said work scope conpri sing
a plurality of tasks; choosing a selected task fromsaid plurality of

tasks; locating an alternate task that is suitable as a substitute for said

sel ect ed tagkinpfedeetion BONSF thESirb&r 308 refRfdblyEallons!thE SseP & MR& hasBdpdcifiict er nat e
task and a remai nder of said plurality of tasks; and substituting said

sel ec o i « Wy ¢ | e j flict
oxi ot LA il B0 ke BERRRIoM lpAdyTh b IERE HEGEer IneloBE, nci
i ncludes, a work ste erforned.aon art .. and id.ch i t i
choosion ShelBiduie o BB RRR Er o BRiS meer Fheu IR Bk ik sEls B °°°
| ead-tine, is unavail.abl e, or has an unacceptabl e cost,

user can manually provide the desired information with the input device 103 of the computer

101, or the user could select options appearing in a drop-down box. For example, the program
could pre-populate the input section 303 with information from the Planned Configuration

database 119 on the server 109.

The program then searches the SB database 111 for instances of the information provided
by the user to the input section 303. The program displays the results of such query in the results
section 305. If no SB introduced the part (i.e. no data appears in the results section 3Q5), then the
subject part is considered a basic part. A basic part was installed during original assembly of the

engine (i.e. the part is in the As-Built BOM).
If the desired part number appears in more than one SB (e.g. in the Add Parts List of one

SB and in the Cancel Parts List in another SB), the user must specify one of the SBs before

proceeding.
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26 10. The method as recited in claim@8, wherein the work scope is
performed on a gas turbine engine. 11. A conputerized nmethod of displaying
a graphical representation of a relationship between data elenments within a
dat abase, conprising the steps of: providing a database of data groups,
each of said data groups containing at |east one data elenent; selecting a
desired one of said data el enents; searching said database for instances of

sai d desi r ggropatifbos! graﬁrs?, g&elq}sr‘é{ éc?n bR Addigdml 1n?an ki ?g%%gtgﬁg:th%ﬁﬂi ddata

groups whi ch contal n-sai sire ata el enent; g sa
relatjonship. 12 .The nethod, as cited.n claimi1l, wherein each qf said
ot o WPAE B Rissio oPG FRRPR pEC3 B RS iR Bt PR dreRG S ng
the steps of: selecting a related data elenment from sajd data groups which
cont aR?@ll@a}eatSdggtﬁ/ﬁé%ﬁeg@ﬂalr@n@%ﬂ% SP%%ahDFEanF% bypligkwe dhepgts g&mmg a
correlation with said desired data el enent; searching said database for

i nst ahleeprograns display e$ush éeforraationdiyeansning adetherrwindpwdnet shewn).i onshi p bet ween
said data groups which contain said related data el enent; and di spl ayi ng
said relationship. 13. The nethod as recited in claim1l, wherein said data
el enents conprise part nunbers. 27 14. The method as recited in claim 13,

wher ei n sahd sfafldahtRASS s REQUEenfenfeqhitdsahd repfacBREt oT @9 part ohThe Chigcelmet hod
as recited in claim1l, wherein said data groups conprise Service

Bul | epl ng.; . Wl fe 4 6el arfd 16t Ak M 1B 1 r.el 1 d.relationship
is a %lgﬁﬁ?%(ﬁ;ll%sgpar tmngﬂl'?ecr) sﬁladaE ed or cancfaqel ed yﬁlsegl m%’gé sictce
Bul'l el&éq%r’ement prohibits intermix of parts from the Add Parts List with parts from the Cancelled

Parts List.

A Sets/Stage Requirement differs from a Sets Requirement. A Sets/Stage Requirement
may arise when an SB deals with the same part number at multiple locations within the engine.
The Sets/Stage Requirement allows partial incorporation of the SB by replacing all of the subject
parts at one location within the engine. For example, a Sets/Stage Requirement could allow the
maintenance facility to replace all of the compressor blades from the fifth stage, without
replacing the sixth stage blades. The maintenance facility would fully incorporate the SB during

a subsequent maintenance visit by replacing the sixth stage blades.

Optional Dependency differs from both a Sets Requirement and a Sets/Stage
Requirement. An Optional Dependency indicates related parts within the Add Parts List. An
assembly (such as a ring segment), which is formed by various subcomponents (such as vane
assemblies and pins), typifies related parts within an SB. When an Optional Dependency exists,

the program will display the options available for all of the related parts as a group.
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understood by the program when accessed during a query.
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Once the user selects the desired SB, the program refreshes the screen 301. In particular,

LJ&I
lJ&I
U&I

the program populates input section 303b with the relevant SB information. The program also
replaces the results section 305 with an output section 307. The program populates the output
section 307 with information from a query to the SB database 111. A first section 307a of the
output section 307 display parts added by the SB at the specific LID. A second section 307b of
the output section 307 displays parts added by the SB at the other LIDs and which have a Sets

Requirement.

As described earlier, the maintenance facility has recognized a sourcing problem with a
part. For example, the maintenance facility may have determined that part number 501290 has a
long lead time. This long lead time may affect the ability of the maintenance facility to complete
the maintenance operation on time. The program allows the user to find a solution to the
sourcing problem and to determine whether the solution is acceptable. Specifically, the program
allows the user to determine if a suitable alternate part is available and whether the incorporation

of the alternate part into the engine is a satisfactory solution.

The user has two options when determining the possibility of alternate parts. The user can
search for an "up replacement” for the subject part or a "down replacement” for the subject part.
An "up replacement" part is a part added by an SB which cancels the subject part. To use the "up

replacement" part as the alternate part, the user would need to add the SB to the work scope.
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The user can determine "up replacement” and "down replacement" parts by selecting the
LID tree button in the tools box 309. The LID tree button provides a graphical representation of
the "up replacements” and "down replacements” of the subject part. The program provides this

information in a pop-up screen 351 generated by the analysis module 300 of the program.

The screen 351 provides engine location information 353 (i.e. LID), hierarchy
information 355, incorporation information 357 (i.e. either displaying the SB that incorporated
the part or an indication that the part is a basic part), and operation information 359 (i.e. what the
SB performs on the cancelled part). The program obtains this information during multiple
iterations of queries to the SB database 111. The program iterates until the down replacement

query reaches basic parts and the up replacement query finds no additional data.

Since the specific SB may affect other parts in the engine (e.g. due to a Sets
Requirement), the user must ensure that the use of such "up replacement" or "down replacement"
alternate part does not affect the engine configuration, does not overly complicate the
maintenance operation, or significantly increase the price of the maintenance operation. The user
determines the impact of using an "up replacement” or a "down replacement” by selecting a

possible replacement appearing in the hierarchy with the input device 103 of the computer 101.
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The screen 371 resembles screen 301 in Figure 4b. The screen 371 includes an input
section 373 and an output section 375. The program populates the input section 373 with the
information on the possible replacement part selected by the user. The program then queries the
SB database 111 for information to populate the output section 375. A first section 375a of the
output section 375 displays parts added by the SB at the LID of the possible replacement part. A
second section 375b of the output section 375 displays parts added by the SB at other LIDs and
which have a Sets Requirement. In other words, the screen 371 allows the user to the ease or the

difficulty of using the possible replacement part to overcome the sourcing problem.

As seen in Figure 6, using the "up replacement” part S0L390 to avoid the sourcing
problem does not appear difficult. The user may deem the use of this part an acceptable solution.
If the user does not deem the part an acceptable part or the user wishes to continue investigating,
then the user can close the screen 373 and return to the screen 351 to select another possible

replacement part.

Once the user has determined an appropriate solution to the unavailable part problem, the

user would suggest this change to the engine owner. The engine owner would then evaluate

whether the benefit of having the maintenance operation completed earlier with up or down
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The present invention has been described in connection with the preferred embodiments
of the various figures. It is to be understood that other similar embodiments may be used or
modifications and additions may be made to the described embodiment for performing the same
function of the present invention without deviating therefrom. Therefore, the present invention
should not be limited to any single embodiment, but rather construed in breadth and scope in

accordance with the recitation of the appended claims.
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determining whether a related task exists; and

adding said related task to said work scope if said related task exists.

2. The method as recited in claim 1, wherein said related task comprises a prerequisite task
or a concurrent task, and said related task adding step comprises automatically adding said

prerequisite task or said concurrent task to said work scope.

3. The method as recited in claim 1, wherein said related task comprises a prerequisite task,
a concurrent task, a superceding task or a recommended task, and said related task adding step
comprises the steps of:

automatically substituting said desired task with said superceding task on said work
scope;

automatically adding said prerequisite task or said concurrent task to said work scope;
and

adding said recommended task to said work scope if a user seeks performance of said

recommended task.
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7. The method as recited in claim 1, wherein the work scope is performed on a gas turbine
engine.
8. A computerized method of modifying a work scope, comprising the steps of:

providing a work scope, said work scope comprising a plurality of tasks;

choosing a selected task from said plurality of tasks;

locating an alternate task that is suitable as a substitute for said selected task;

determining whether a conflict exists between said alternate task and a remainder of said
plurality of tasks; and

substituting said selected task in said work scope with said alternate task if no conflict

exists.

9, The method as recited in claim 8, wherein said selected task includes a work step

performed on a part, and said choosing step comprises choosing a selected task that includes a

part that has an unacceptable lead-time, is unavailable, or has an unacceptable cost.
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providing a database of data groups, each of said data groups containing at least one data
element;
selecting a desired one of said data elements;
searching said database for instances of said desired data element;
determining a relationship between said data groups which contain said desired data

element; and

displaying said relationship.

12. The method as recited in claim 11, wherein each of said data groups contain a plurality of
data elements, and further comprising the steps of:

selecting a related data element from said data groups which contains said desired data
element, said related data element having a correlation with said desired data element;

searching said database for instances of said related data element;

determining a relationship between said data groups which contain said related data
element; and

displaying said relationship.

13. The method as recited in claim 11, wherein said data elements comprise part numbers.
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15.  The method as recited in claim 11, wherein said data groups comprise Service Bulletins.

16.  The method as recited in claim 15, wherein said relationship is a hierarchy of part
numbers added or cancelled by said Service Bulletins.
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