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BRIEF DESCRIPTION OF THE DRAWINGS
[018] FIG. 1 is a schematic block diagram of one embodiment of the system of the

present invention.

[019] FIG. 2 is a flow chart showing the steps involved in using the system of FIG. 1
to produce a useful life analysis report and other maintenance recommendations.

[020] FIG. 3 is flow chart showing how the system of FIG. 1 is used to handle

maintenance data.
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[032] FIG. 10 is a graphical display of a component usage. profile for a third
component, which is planned for replacement.

[033] FIG. 11 is a schematic block diagram of another embodiment of the system of
the present invention. ’

[034] FIG. 12 is a data flow diagram showing certain data processing components of
the on-site-computer of the system of FIG. 11.

[035] FIG. 13 is a another data flow diagram showing certain data processing
components of the system of FIG. 11.

[036] FIG. 14 is a further data flow diagram showing certain data processing

components of the on-site-computer of the system of FIG. 11.
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p&R@EErsdhr 4 e pip- [044] FIG 22 shows an exanple of a
qtﬁ;gi cal performance chart for a mud punp, show ng the
[A405t r i buthlgnl%thowp a tablprpenizining thetingryalupOlps jony dEiticalPparameters.
@ApWS a sgee | al; i iy
GIErS o a0 Rl m oGl By SIS w Rl mE AR e or o
mydipampcont ai ning a chart of the use of a nmud punp with
orts myputeshby-mnute. .[047]. FIG .2 hows..a .pl o
0P e G AP a5 s gt Uiinlped o8 RGPS 18 BiyCfpom o mua
pimop, vathpbe flod pkted aguinsstime.t i ng at 01: 00 and show ng

R 55 Hend B LS GrRicob R TR G e R se pressur
diztribuvi@niaiacmal pupraeihsancetdtiondl sseed DEhAptih) DESCRI PTI ON

.« EQUI preat si gn_And onent Useful Lif 49]
[(@%n sopﬁﬁ@t ?%)g‘foé% aé‘q‘fiﬁaﬁ";ﬁ:%% 3 YpiakspegioEpance Fﬁ?rg for A mud pump,
stowesg b tisiibdedd otakk piniputdizdcaanned useful life for the
[ f equipnment., In realit t he design nust

veral |l i 0 ,
P5Ee " nt ﬁ@g??s%hagﬁ AHSF RHE COREIRE 2ichirsolgfhe Bnping hepup of a mud
p@hp.conponents. For conponents that are critical to
useful life, there is usually useful life data _
[046h | abl &6 Hahawra sereeicrrin epnigiping ¢ Heart of dhg wse of psudipgmp With

ré@glttmlnugeag,tmg@{ea on useful life and/or theoretical
rojections that are derived fromactual useful life

(o8t . Ty g€ at shows Beplefsbtthe torqup of fwo mpiwes Aiand Bf mupnipg e pump
foR'a PR Sefihd ggﬂ‘tlm‘gﬁim ARe El‘?(;w}i{fg él%? :aﬁ b%:'é? %ifag@%a()f the pump

operating condit e speci
ogcgired. such as speed or |load, and a tine duration for

gperi enghag, I /9 di.stance f or
[ogngl nt ai ni ng § E@&}/i? :t%é q{}\% relgl%%gfg%] qn%fg/ 0§|25 0 THe nﬂl d 3erf°rmance
limither operating conditions, such as
DETAILED DESCRIPTION
A. Equipment Design And Component Useful Life

[049] When sophisticated equipment is designed, it is frequently defined with a

planned useful life for the overall item of equipment. In reality, the design must take into
consideration the useful life of a variety of components. For components that are critical to
useful life, there is usually useful life data available from a manufacturer or other source that
has actual test data on useful life and/or theoretical projections that are derived from actual
useful life data. Typically, the useful life is specified for one or more defined, assumed
operating conditions. An operating condition may be specified in terms of a rate, such as

speed or load, and a time duration for experiencing that speed or load and/or a distance for



envi ronnental factors that nmay affect useful life,

e.g., operating tenperature, humdity, corrosives or
w@anosiossshat es present. The theoretical useful PECT/ES1004/034016

a conponent under the assuned operating conditions may

Xpr.es erns of .h days or ot
P 47 PR 27 otk AR, St e tpgracsoragne Sopdipns. such as
exgﬁmpjmsmshmmtdmg tHahenagf dfet uedfull BRJ e.oS RGRFALNE t@hpRiture, humidity,
Crgqiratln &gltlons on useful life will be avail abl e

VERT értla tep B&é?pt.f r 0¥, thsgretical, gseggtlge 4prga component under the

adsthaed %emh Qbndaftmk haathe vdesipyRskd B Fuha®t M8rs@days or other
desij e. In sone instances, testing nmay need to

e}ﬁ%ﬂdﬁg rum?r%a’a% ol ¥pigellp pigkaph £ eetrof eaphs ogiing the éff%P&loﬁload speed
of Qﬂhexaofé?ﬁﬁl‘g%ﬁﬁltloﬁéh@{ 83681 ﬁfQ Quift %rﬁgﬂab?éqwagﬁ%nﬂe develoged from

designers typically have reliable data t
exigingtJaghan feereticab enempirigilyedesived famatabng « desint gwdess In some
1n§ﬁgcegufe§tt1ﬂgoﬂla ne&f" Elﬂ)é ?eﬁ&?negf to! %?a%ﬁs Q&Qfate' 9%?(11 A data for a
t he usef ul onent t
cm@emedWh@temethe r&ogﬂcnamu@emng |des1g1®580]ypfﬁhléy bs@r teliable fdata that
sl%g@n%eﬁfglna{tﬁ%%g)ﬁ beB@é'eB 'aff.‘éﬁg@ kx%e%t{nfgl ccoﬂflﬁtUOM\é"aﬁ-;g d%ra?i]pﬁ] gxl r%getltlons of
thess aintitiohaand the umﬂld fife ofs cotepatitcthat tBu tmayrbecelepttdin the original
dgs}/ tens that carry out different operations, the
ful life is nmore difficult to determ ne. One
[059]: hni quél‘ﬂenxsafnl lfy pecilenp ixeindt pdewulgne diffidudt Wiendedingle cémponent
pro . A _dut rofil e defi cert
ofihalhcine Gt afeites i o Burs gpdfrhegeideraion.  But i
catetler systass viat ciirryibﬁ‘t ﬂ]lﬁEreklEXbpﬁﬁ)ﬂifm@ ngBtGefuhdife & More difficult to
d'th°| Ve |tn each eration and _how they w.l | He used
SR ORI ROV B SRt AiEnaiRy® Welelibe Ayt aiptiior A duty
pidfilecdeifed @ftalnOdpe € Ssdhat, tBO &duiprdhie kvl bert@f anl dbtefrﬁm@sf which are
pi.ece of equi Errent For exanple, the follow ng mg

thh ey ﬁemaor&afsy Hrgt invelvebim eachoppriien andshasihey il 98 uawi in that
ophdtRROr L afty! préfig a9 A defedi®Ed PR -an QRELAI (deé'ﬂgll?}ago%ﬁ o%ggﬁ) useful

ft of chain plus netric tons anchor from sea bott
lifoeaf quirieeodaptpment. cifeaicnample hthe Adlleorngomight F1¢<f111§cﬁadut$ profﬂe for a

m%lgystélgqgecf dn é?lfofﬁﬂ@lje&l a&tﬁrn?‘n(:hor on work boat 4
Pavnut ft of wre rope wth anchor on work boat 5

CageNa| E@h@rﬁlonof chain with anchor on work boat 6
Anchor getting on chain (300 ft + 100 ft) 7 Anchor

Isetting HaisaiP0 ft ofehaingde Hmetriq pOs fnchorgra geafbotipig

- excursion on chaind00 ft rig excursion on wire raope

21 051] ThuPéymﬂQﬁocfy@ﬁCélamnvgmanb@r@emori@bpaf or an.overal l

desi gh life of 25 vears with six riqg mves per year

3and t wel| yehal @Ogmﬁﬁl;s.%wsthsaqhoy@awork[b@m

Alternativel v m ﬂhf he descrihed in

he-duty profile
4 terns of PM SQQQrfE?q Wiksrope with anchor on work boat

5 Inhaul 8000 ft of chain with anchor on work boat
6 Anchor setting on chain (300 ft + 100 ft)

7 Anchor setting on wire rope (500 ft + 100 ft)

8 200 ft rig excursion on chain




equi prent perforns and, in any given time interval,
what proportion of that time interval the equi pnent
wowdos/obss1per f ormi ng each operation or no oper aPCDNS2004/034016

E.g., for a crane the followi ng duty profile m ght be
04 Usaae-Boom hoi-st up 7. 5 Boom

oo

9h0|C;i adovdgﬁ'f %%Bﬁibmﬂﬁmm@ccel erating 3 Boom SVVI ng

T o o B Yl TPt e o AUARAT SEaiey IFet25rwsra ot o

rigpnok8s pely¥arlanad twel¥errig exa@sihs ﬂﬁ’%aﬂ Wi p fall hoist up
753V\hip all hojst down 7.5 Idle 20 [053] Returning

(9581t he fisLenaityely: fe s @O@ﬁzﬁ*\*ﬁh@e desqribed ik fermgs @ what functions

e@iipthédt edicrinsnad, ih Rfy RO 8 iRYSHEPhA ‘faﬁipgﬁféﬁ of #Hat Mﬂ@ lihterval the
deter m ne what key conponents (w nches, notors,

e%‘?%‘?@ﬁﬂ” b gerfamingeash PR§ERLIOROF O @R@EﬁéloneE@) f@rraecrane the following

ditp pRINERidhRbeaeh: case and what operating conditions
are required for each of the key conponents in each

Cyangfnetien. Mbst conponents Wi%IUssge i nvol ved i n nore
than one case and may bhe operlated at different

Bgprahaist Wy condi tions for di f flér®nt cases. This pernmits

. tion of the duty profile requirenents for
B@%‘Bt‘i‘o’ébﬁ%ﬁent for the assumgd-3uty profile and the

nuarnll dnclnn I|fn Thﬂ dnclnnpr can_then choose

BBWWH’@n@ng}ﬁ flifeuseful 1ife dRaracteristics that

H-t—t+hat—ecoerponent—to-—be -cgﬂf* forthe assunmed duty
g%ls‘gmigoﬂ'"rﬁ’tma east the overal|l” design life.

ecene  +bhao avial alhl A ~AarmNANnARt e My NNt avact

LAdoST S ao-e COTTpPUTTCT LA B B AV A~ T/RTTt

C I y
rgsvov{/ aF?eT‘H%g] gn life, and 2 conmponent may be
if

havao A ||¢—r\f||| [

P~ = |
Hallb UCLCIHIHCU lL mIave— o ustTul L
f%ihlhgl‘gtrrdﬁpd duty profl | e that] 'exceeds the overa

nm—other—cases—aconpohrent—ray—hot
Mé\?gf;a i fISfedogvrn may be cost pr oh3b|t|ve if it rrust neet

Ahﬂﬁa&‘fﬁiﬁ'ﬁl&tu festgnt+ife—wi .lIIL l1l8 reptacerrent—+Hn—thi-S

case; a conponent useful |ifeg under the assunmed duty
14 | Ty assumred—o7]
Agelﬂc fall %%{? H’gnd repl acenent| of such conponent at

WHE &% uring tte overatt fut—t+ife can be
pFHannegiS&%M] However, the a?fksﬁal operating

W R bR GowWPI [ Ne equl PENt [f&y e NMoTe or T €ss
sgfeare than the duty profile|assuned for the original

Iddesi gn. For the owner or ope€ apor of

[053] Returning to the first duty profile example, with such a duty profile defined
the mooring system designer can then determine what key components (winches, motors,
gear systems, shafts, bearings, wire rope, etc) are involved in each case and what operating
conditions are required for each of the key components in each usage case. Most components
will be involved in more than one case and may be operated at different operating conditions
for different cases. This permits the computation of the duty profile requirements for each
component for the assumed duty profile and the overall design life. The designer can then
choose components with useful life characteristics that permit that component to be used for
the assumed duty cycle for at least the overall design life. In some cases, the available

components may not exactly fit the overall design life, and a component may be selected that
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the equi pnment, this has several inplications.
Mai nt enance on conponents nmay be required sooner or

WO 2108/0386lnan originally planned. Some conponent BCT/H81004/034016
were not expected to require mai ntenance during the

.design Life wll r ire i nt enance wher, he duty
lspf%?ﬁ}nsd 12 Bt sl e e e g fﬁl%mﬁﬁa at xgepdp he overall
déshye 1ie.| Bi othdr cd@S iagdmpbiient MmafHébe@hilaBle drndyef Rt Pretibifive if it
mai nt enance ﬁn a s g;duled basis than jt is to have an
PSS ey Vit e S e ShautieBHosTRont D this date. aoRPelIHteful life
wile® eHeCs duriRdURey Bofileh@cRfigRRRMed (OpBlathl S3MlitiocAOWnBEbe calculated
interrupted) or to have an equipnent failure. The
andeplareniz Ol SHeMT PP OPeHt gt iptenielsebiagy e oxerall Aty difseag be planned.
[dshpt 9o fI-ﬁfweQ@%{ @Rach3$ Spfing$8n@fiods¥8r B8 WqRFRRAt mbPBohore or
Past nethods o addreSS|ng hi's situationinclude
legs soppery thep sheer dponiroEilguymed fordhreorizinabgesigmed Fonthe owaer grgperator of
th‘ékéﬁﬁ‘i Fheht tHis ﬂﬁ's_le%rﬁ i liéﬁbhyrﬁaﬁaﬁm%n%ﬁl‘f)H{&m fhay be required
AltePnatpverh.ln Some Situations a Sensor may be used
sqogerdstlater thow eviginslyerjaringdre lome eomoments that werearot éxpiettad &, require
maintna c%etfﬁﬁHgﬁle' &es%ﬁfh@é Wi Reﬁui eel%{{%l[eggncg "RREE ethanrofile is more
nor mar operating forces or ‘Its characteristics
seytiechati the dutygmefde uSwucin thebhigids design.déf s rmuvhi etten@neeform such
Il needed t,.the lL.so result in_equipnment . .
i B At i ST B s PRl MG B pagion in e
midseosfeplamme prodtietive uspdfahnegipareat @divhynst o@ppae ttdrRipted) or to have
requi red.. .B. ryiew Of .Present Invention [056] The
o, S s B, VY iy oS Pl LS Fap il hat go for
beyopd Renefhse bf BE v@npmans and to performon a planned
i'S conponen epl acenent,,. even in situations where .
[q%ﬁf; duty rpéftdf“?tf‘?é{sﬂ% adgrpirie i gitagonypckude pigply phsfRvingegquipment
offbedtion RHE ﬁﬂtét@eﬂilﬁ%?@hérﬂa hé&R-FARk b Rilure 88doeies @bsekBle. Alternatively,
.overall useful life. JO57] FIG 1 is a schematic bl ock
INGTORgr HIRAHIE CROPH Ihee Bicd iR deleciorhed Mt BIinmReal PYPRINER is near
A0, TRNAGSARBLit AREBMNok ReRAEOLHIRE Sl AdmhD SpdthfiReRices or its
i nvention. This systemis intended to manage conponent
chaggsiesistiarenihervise chrgeorSush meethade may gfefes quainerance umil@eeded, but
O e B Bln SRR 1k opERclts FBARI AaMHE SP RN where
immexliate, gfiplanneid ymergenesesporipegarareqgied. by t he system [058]
As wi Il becone appar f fol | ow ng di scussi on,
e syst n1nonitoﬁ§ gg%wggﬁﬂgﬁggma§%§8&40n1operations
[“tf! f or rregthy PEFR o VPR HAEN ALUETEF et0s eice | @alavgid shgh unplanned
infeyenBOAs1AA0E ipkAbien 8Md PlAhbEBdsE Bfpendnt AP dcB8ent, even in situations
oper ations performed by individual conponents that

wWhrnihe dBy PREUIG VbRcN! use is Brefrr rqm dhe July aefile usgsl i@ the original
ddR{R\F 8 ovEBRhzdriiMRe, access to operations of the
equi pnent_and its conponents. The systemal | ows direct
[088hpari sékCofl ict wehenmyertiedkngdiagiomdindicating dhepelementsed a data
. 4 ' t i ginal. . ' LY s .
e SRR L, RO ROl e
intpRdedsipsmanage apmpérent eepicgment fdreone or more items of equipment. FIG. 1

shows a crane 300 and a winch or mooring system 400 as examples; other types of equipment

and more than two items of equipment may be managed by the system.
[058] As will become apparent from the following discussion, the system monitors

and collects data from operations performed by the equipment. More specifically, the system
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di fferences between the actual and theoretical duty
profiles, develop information adjusting the original

waeorposssms useful |ife projections and schedul BCT/US2004/034016
mai nt enance accor di ngl y The system uses the anal ysi s

SR 51 e R G RPN PR bR psiydll Fgmponents tha

cmnprttbtth@mvdaﬂaequmnwot I el egstefn0B93bldso spln@be frealFiifie” Access to
i ncl udes conmmuni cat n ne 1

oteatisty 2F T, DB T e PR e sl s By Copdbagison of

aqutidl rdpexramn@nmdmdmmeﬂpai&amebme ageipnicht ﬂhalor@ﬁlal THeeretical duty

PRl Euh6! b Seli5ER sl B e o (P thesy gl the

di3REhcarsbivida tﬁef @cftua/M a8 Mheyestic @ MaufOPbfiles,adNeldh tikformation adjusting
corres ondln %&Fle sensor inputs 302, 402 (for
thei %&Fr}a F?fg}PO B Wpelnh FecProispiing aag shefrgaapirancecireedingly. The
systcRDBse S and1ghidNosdert4AAne ﬁh&ﬂpé@BnﬂBﬁ%t RS 1ifEXRMsked as of that
coul d be placed on the equi pment tO provide inputs)
PWH%?‘@F@“§§§B@W§E§QHWPPH ﬁaw&p@w#ér conmponent s and
[d5§§' r OpeXAdhbRE il BI@NERS %fsﬁéfntlnélﬁ‘de% %ﬁnﬁﬁ%a%}gnéﬂvglg‘lo and a
[ 060] The conput ér I ncludes a processor 10
Cwmqﬁeréﬁst@p ép aithrag osipst devicecBremmehiag atprloﬁqs) 2y A ampnfenance manager
tegxﬁfﬁ]'a r5® %I]IQ sys?e:qlﬁzi Lﬁ@lg} n%ﬁltdé Qﬁnp?rﬂ:ﬁl{ Tdw] eﬁg%x%mals 50, 52, two

I cations 120 have access to a
Sqnmrl dati nlipks | 3&s (foorcrapeBed)i argl é@‘hdfdl‘l wmsh dgystam2400), each with

ccg%%;yong%l%fr%drlgé? Igeﬁigmil Hi ?628 41(553(' n%grrl]pqwlcty \A@Fy tgra 3 ugatu% gre shown for

ormat i on
ethtdl drivet 30®ayndbwirmh eldObyitohgh mpay emre [séiﬁdl]s cbhRl be placed on the

nuni.cat i ons nt devi s 1 n| cate wit
e s Y BT o T vy P oBiEpbenf ! their
opeedtingbkramistehs oishih band Bﬂ(Efnﬂ@&tmdhmoa pri vat e network) via

ommuni.cation Link 12. The co ute
[O%err conﬁ[g'gt EIRUST L 1L IRERYES oh S ée?"’“ﬁ e?hioRgpting system,

cciimduﬁlhﬁloﬂyﬁlﬁlhﬂgelﬂémldéﬁcé’ﬁl 10 &&Wbﬂsa@dfﬂérd 120K ST Zapplications
ﬁ' , respectively. The gperataor/owner termnals EB

1) hafeesss ﬁ‘g tahs 19 Jugluding §1oa dpieqemingenditions data 210, duty

pﬂ‘aﬂ&@ opd, Qﬁbnﬁﬁls/ﬁr@ﬁﬂ%ﬁhﬂe iffdrmaot 280848 GQEH%E%EQOJ m as well as
omruni cati on network via conmuni cation 1inks 24 and

0@@ daFaéBﬁé‘E’tylt\‘?é‘F%ﬂ bytthesyststit pment  oper at or / owner
[oegy m nal théocoé%uﬁ'ilzﬁt@ﬂst Hﬁn&@ﬁ@ﬂt Ql'é(fl@é’yn e1r10t goﬂﬁl(&ﬁl%éte with a

via an | nternet é)orta real -tine"
CIYBRHEALGR DAEHPLIEH ﬁw@ﬁlaﬁ@é bﬁlasmltbhy dﬁtralne@ﬂogle ﬁ@nhaetSéble byernet or a

pﬁ\l'é?e §e¥§5&mvi'?q] @orﬁﬁﬁﬁlyz{tﬁﬁ lInlﬂ a’f‘heo‘?oglﬁﬁt’i]l?](?rétlo W&c%cmd to the

access at 't I'nternet portal are escri
mgigtenpnsn n@nager teiminat @ ond the atipondevice [20 624 coBemguration fivks22 and

32’39&89&1@61%9 '?I‘ﬁ& %E r%r/&br?er%r%rh%ls%o m%h o{lsg\% eév%ser togaccess a

éon si'n Key conponen S sut
welesitei sngported ot @bmputer 4Q; grebetarcomgpted\/tmxhh e&nmhmomonefetwork 10 via

For ex cont ext of ,the .crane 300,
oo Rl RER I Sois i GRPAEh 0 de CaERPT GoanpHeVagerpinls 50,
5% aHowrahs lopd:raltgr/b\aﬁhrab avoexsn i 9P| IaRERE Pbital hd ORsM-BME? @quipment
an
operatlon an& mamtenance history files generated by the system. The features that an
operator/owner may access at the Internet portal are further described in section C of this

specification.
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inclinoneter) to nmeasure boomincline displacenents

and boom angl es; and a | oad sensor for neasuring the
w@re0si0s86ilh t he backl eg structure (knowi ng t he BPCEHNS2004/034016

geonetry, the system converts the reading fromthe

Igad sengor into an equival ent | oadi ng of the roller
087} c1 e 0P °UiCBYIPHY “BR&Florgied onitii aranei3P0 tesmpiisy opsipipgsonditions
in4Q7 cafmBonetahetlaife bR ind B3N A QOhthifer PRI} Beind REAREL, Bdom, etc.

conditions in key conmponents such as the drum drum '
Fopexpmplgstn he g Abithe stane 3pBeby senpe ispris 2 miggbinslude2a swing
a2 sGRBIMYSY GRARIAPSAAAL BEbrt ARGIAERE At oohP ahBET densor (e an
. respective sensor data |links 304, 404. The sensor dat
inglinpeteghie mepgure pepmpdiicking ¢ieplensments prdjbesonatiglasommdddpad sepsor for

EQEri® the Qrey® WP WL backR g Ve e nipg akiQn
mrmnrallgé;rrent ]_[de\lli ces alClOgi éﬁﬁftﬁ% gl%?}{pg’]l}}léeepg}#n\%i %epﬂwegy’ the system
copyerrruhe ceadingrirone theolord semsor| intocameeqmivatedi lveding of He roller circle or

1 .a - u [ . P, . .
R a2 T Eihor Ml BB B 1ShIDy bl 4 o, monitr
opgsating comthitians fir kencomporeessoch dsripudrsm3@Am bé@ihgs, Tavedwitid eac.

ks form LR or simlar standard then .
10BSLar v 126 e isoh Mhufthiz 07 cfimPonins BdahE Cobdiitay o tei
regpreogveasenenl datadinkoBd4, 0. eThd ensts dath ks BOQuUOO Fdrearddié aperating

transm ssi Qn otocols to .transnmt data via the . .
congfian A i 1840 e eREPREaAP Yia te SARRUBIEaURRS MpRggemept devices 110 in
the guinpoEeN 0 3A0he 4@miRiyatioa debtak ad. MeWAE @mbb@Mene WRensor data

.qreat distances from the conputer 40. The )
h‘gﬁa ?ﬂ%ﬁc‘gi‘ﬁ B §Xli%%vﬁ%éi°9éh%u‘meaf a¢ Hepiemepial prgeramming on the
PIape Eaﬁ%{ltﬁkﬁ de@ kbt the Berd@tiAputd 30202020 PRI Add N f&RAHED dsHISXML or a
.data files 210 in the database 200. The operating
SIRBHEAEHS At Lted froer Wowr M| PG oF othprarrgessser programmed and
confIEkbdl 118 Gisé WIdPN®r oPERECaRH MnSRsEiBiRbrdidcol¥BY% R&smit data via the
conpared to and utilized in the conponent wear nodels »
cogERyEgon PettvREC Htoycopipgter Hes Theg thegesuinrysnt3Gie 409 may the located
fohe! 1R e i GRS t - - -
rei S ea | ogi ?: %]i %g?&édr%g‘ighl %}Sg? ﬁgfﬁ]ﬁggﬁgt%‘}@ocg%%g@ Cfg{))lglm% recetve
and stoees the dnepyning epeagsip icordifiomndata POheppenating speditionsalatatfdes 210 in
' C it . e. | l.es. Before, .
R s 5a0C T e BERARS s T AL, £ ana B85 Ttucing
fupherfproaessio® thatdhmehbe oompradab aokksiiliped andie @aoyiponent wear models
' t nal » onent useful [|jf
JeFHEPRY bk Ay R 2 o Bl BT BR b 8 fesged w02
[064]i s dat &1G.s2 doarldginatiztamvillistratigs ths gdodayses 1200 executed by the

l. ' 120, hown | FIG .2, t s 120
oGP 80 DR B oS 5% b P55 800 e

prd@Q0carsbe axdchtad,ettle rélévant Guty PRSIl eI LEmNEBNoARiRAIAdds3E and any
condi ti on d%ta I S present 1204@& ..., whet her new .
SUBRREYS 17 UEShth AbAS GAPROITRSUSRR Aifs Bader Yardows rapRtaipg conditions
ke B addd) PihissdadOid cot@Rated With hitPusBEBY BRAPFIchids 120. As shown in
Fléondl tion data is not present, then the process 1200

eteMi megsihdthbieing wighaofarevait sateclifek Waemie daepess 1200 is
inilid@8, it HauResCRAEr héw BRShH B dition 881 R pRBft l\rllzg? t?i:kg{]wfgzrther new

not the failure to receive new operating co
OPgratiag Fendifpn daias hast besh reccivadl fipnt theownseg inpatssH12, 402). alf the new
opSR RSO EonbfrinAdatiSis AR G sdnf tﬂ&eﬁg gf(ocgﬁglr%b ragte?ﬂﬂ%sﬁ\%ﬁetﬂeg Wsensor
perforns the sensor status check and reports e
stafyselipqk ig pegled THS. hiscabsek is nenformed b digertninet wiesther or not the failure

to $dcBivE BB dpeTBAE AN data is the result of a malfunctioning sensor. If a sensor
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[065] If the process 1200 determ nes that there is new

operating condition data present 1204, then the new
wop@sassony condition data is received and st or BAI/ISH04/034016

in the system s database 200. The process 1200 then

det er nilfnes ether a real

anal ysis requ
SRBEREAT IS5Ph elé&'alpb%esmué%@zf ormg th%a%mow%w it and reports the

reBi1O CRBS Thap&c@be&lehmmg td/&'ﬁegtmwvaﬂnﬁﬁeem ed, peri odl c
anal ysis is due 1214, no periodic anaIyS|s s du

[06RLn" t he IhiiscR@sest 1380 ﬂé&emnﬁ%s that theee ist gt P%ﬁttngniﬁﬂlémon data
pr%&? 1204, thé}e t}féeﬁé“o@p&atﬁ%aédﬁaiu%nlcﬁtadiéerg&é‘n% SXOABE® 1210 in the

the en erlne rmn|t0r|ng erio or a
SYStERY § é‘él‘la‘éalﬂse ﬁogc eTlist Proggsp Jraeh tthensd%éﬂrma@s a'hgtpr aypedlrtime analysis
regl? 0t iR p%s&it f01I the B erugp't?rﬁégﬁ 12128 Befhetdhé RE B&%és% lm&termmes whether a

ccesses condition data for
sqheduléds mrmdlq %tne iofis g phrdfino pertpdisranplasiets dtuh,éhen the process 1200
t [,
R FEhE R g P SO R Bl e P o
defimad ywingonempaed fosa partis@art pléc@roftelqelpmqm puvbras alday2week, month

et% h ?snpr%slgﬁt%ﬁﬁ& tgg ?ro%gsg 32@ eesge(ﬁ e?a%% Xo&d{i’ho%caggﬁﬁr tthg %artlcular

con or 't e eq
1tqsm epequqsnemp endoprepagesdiat @pefating doafra bompansam aindaamalyyls il 216

8 e e e T ek e R b R R pFesent for

tht 24Gipinbat1 20 thdnaieproes e Mdoyraeedsdirectlyad dedebathe fyating condition

af f.ec t file anal ysis. The process 0 th
e GBI A B R oa S S 16 CPHEIS B PR 1216, The

po6dsd i 1RO® thel &E@esﬁﬁ &hfﬂ&llty ﬁ)hﬁll&lfﬂr)th@éqilﬁprﬁcﬁlt hed chedks for maintenance
equi pment 1220. descri bed in section D of

uRdtes lebe diat .n%,aé(thaaﬁ re%ﬂlay et hiptemig affeqt @ dyfy piglle analysis.

Thdbfdcdds 12661tRkh PIrREBS SodPfishiS aktP 8fhlfsR SeIh€ Gpelali€s condition data
ori gi nal conmponents and to devel op a theoreti cal

agpanst the dptyfeoffle for dhpcgquipmpniclgdPonent under assuned

[0BPET at | NO\ UGBS S BN D &}pcﬁirs ahd G0N dhd th?%roﬁTé‘f% part of the
duty profile and its assuned ﬁ)eratlng condi tions

initipd degigp ameters @adfiniused foesakst dhe EginglerempensRifIN dﬁsdevebp a

ek oL lor S53) B BBn S0 SO biGhing veaes qoses and

opegatmgnipodisions. usBfeuHuty j ifrefilp r@dl it na@nmedimpelahyg conditions, and the

oS ARR00L 18 (5 LSHA0CENBANS . L PRIt st corne

cmnme@sarﬂ:lmelyslh etep d220eto mlarke edyuttmbhm tto compfoneig|lusefsldifalpredictions
t 1222 (j..e.

ol 15 S RS0 R B S BB o o s

bdengathededi N @ critical range of), the end of its useful

|ife and uire int enance or replacenent
[96Rhedi at W?meq‘ss ﬁgw theRedeirrmings oW Cﬁ‘lng‘ﬂa‘fsé@l Jide repults are

plebdnefor @by dripoasst 1920 AU kndsthgd AR B6Ep&RhMNaE eadideddor WillisSon reach
i ncl udes wgarl ng el ectroni ¢ and/ or paper report s. on

(% yEthit jan gEGhdrRgeoRty, theserdupt fits fuselith dife <@g REHEe Majigwgnce or

reBREerddR ithmb &RIEINBIHLE AR SR 808 pRYpae O TRAN A resflts and schedules
schedul ed replacenent need may be sSignal ed when the

Plamrsdreervise k24e. (Thisopeludes arepades elpctioniccangdion peiee @enogs on operating
coMalidng) BsehfiPHRC G Weohblfed® fonk NEnPShdte thith WREREAREE Hlans by

component. A scheduled replacement need may be signaled when the amount of the

theoretical useful life consumed is within a replacement range of the adjusted theoretical

13



13useful life. The process 1200 then determ nes

whet her auto order of any conponents is specified
wQa2®6/0346fi3 aut o order is not specified, the pror€FFSHBOWB4016

sends a pl anned serV|ce and request for order notice

0 5 1T R NS SRR ACHR S0, i o 18| copipppents i

spREIFisO NI, If autplodde i 8P e, 6.0 PRRE|BNROGESHAE § planfied f€vice and
auto_order is Sgﬁ%lfled t he rocess 1200 arranges for

regifith B SRTSE PPECHE2B P élilw&lpgm QfinssoBeraloRngngd ghy parties involved in
mABicRhRBANGRe! ThR rd&ﬁﬂitﬁ aildVRAt fRRbnf] &Y/ Ph&MBRBAY dbBFonent orders.

schedul e 1230. G% If the process 1200 determ nes
Ifithpapute prdef isapeqitied (e prpgess (09 Arrasges far ¢amepoaerts fogbe gptained and
sHEDER ARERE mhZdehandel6 Be b%}ﬁ)nﬂ&?ﬁe@ %%ysk%@ ?eﬂe?ﬁé@s%h&iu[eeﬂgbt

on an expedited basis o termnals

[089} fax: LhiePryes 1380 ctermass b prltml mseifil ife reguis, arfzmép)ent for a
c?rig(gnéﬁhggyltﬁe% theBrod&Y qyOOsﬁ{u\é Q?eﬁéﬁ?bﬁ améx %E@B&s?s (\Q"gt I% mail to

nt enance service personne |pnen
tepimels S0,08% ExomessTgns bpq:l@t@esrgmlmmm éﬁ4,aﬂﬁ4hﬁgieﬂshefdoles emergency
t 0 d r .
oD By BB I LRSI, g simen
owivegerhter. 1 PIROproddse 1$ﬂ0dhasa3‘ra112@(foﬁ dtmtpouqﬁdﬁtoelﬁ dbkeéned and shipped

o oR e R SREREL B 2 Sp gl Galed ety 1aap, The process
lmtthﬂnn@dﬁtes thb eastta@nhdeing tecorisLasdP O the [répott|of Ebifipledd maintenance
trates oce 0O for enteri mai nt enance
43ﬁ f gﬁﬁﬁ{oc%sﬁ 1?%%‘6? Wgur%ég ?}l?r‘?fartl()ﬁarlh'f‘%‘#aﬁg% can af f ect
[owsef ul | iFi@. ToRpEdata pm@ss/\rsen fér eh@ph@eRifiinQAPARRIdA into the
i'S |gﬁerted into t.he qggé SIS Th|s [ becayse a new

SYSiGHp oMaternigs CA 2f5eel pseSdits pomep RisHE MR A SeRlRce g copponent is

inkdred Mt6 tRr alydk.S This & BRENsE @ HHP B&RHordEYhad ho op&htidg@é8ditions
a different theoretical useful |ife under the assumed

asdi?étr oft 1anl§steli-yn disp.ghBew Fgmneqtﬁgaypqrd@@é got1yye a different theoretical

useftl lifeAlndgate AREMERIRIRARBSRIHRE Pased on equi prent
configuration 1302, The process 1300 then awaits
[0k i odi c The mpesst al 30Rminitabirranthe meinénercef g besad prre saUipment
o8 op, Bl 00 TR e O ol FRRL s o
equiggepat 1@94,0935 alnpits from tﬂhemslysi(b nM2ofif Eattenbncd @7 AgegFheby the
e

oo iR A P LBt AR TR 0T
[OI%]OO contlhayesceso la%mtxtmmenawﬂmtheemewt waivenartchdog data is

quy nt,. 130 0 ata . is
erE L BT 7 b, PR T AL GORRNS o 8%k Pt e ey for e
eduqmledaﬂ’wélw lfhletvhﬁalhEﬁzefce]Eug&titxﬁ @@Bl?nfh‘én ithe lﬁtocess 1300 stores the
t i cu nt. confiquration for
el b e BB e o s iidhons Gt Dot sanigmpptsoatigration
foiaﬁﬁhtrﬂmerdﬁzeeqraabmeﬁﬁnmnmosanance | og data affects
compgpent useful ljfe data 1310. If no, then the
mg&%cess 35

8 ROGHiRi 180 hem (eipmmines Hepaintenancs, logndata affects any

herRssfull394data 15100 NEndHeRHIRNROES: 4086 %ﬁt@nﬂ&%ﬁance reports for
fect ang conmponent useful life data, then the

thﬁ PotRaet 13¢ M eanaiatepaqse Loarﬁ@@nﬂ@ﬁ& affpebany| comppeeng ageul life data,
théfe BR¥eR\1B6E bSfted WedeoRipSeht &Sfull Rfe data and any affected duty profiles to

reflect the maintenance 1312, including possible changes in component useful life data files.

The process 1300 then again awaits maintenance reports for the equipment 1304.
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reflect the mai ntenance 1312, including possible

changes in conponent useful |ife data files. The
wWEe@sm3®131300 t hen again awaits mai nt enance r epCr/US2000034016

the equi prent 1304. 14C. Features Accessible Via The

Internet Portal [074] In one enbodi nent, the

oper at or/ owner, mai ntenance personnel, or service

provi der may aCc Esaurtehsc@ygimemaorhel ThidfedPaital he

iénernet In d0|n g gerson accessi ng the system

974 o1 o arf™ e SPIREER (1e Sp&aaeYsr, WAIERHRE Rewontcl, or Service

peteRiegneyadcBssahd Byshieindh-1fne vitbthe kGRSt P B @idgd\@, fb %Eﬂ@ﬂ Qccessmg the
web- basedagr ot ocol architecture. The internet portal

SHIEYicaEE At dBEEet goridd(ired1Ge Arathit iy deysradeinegumpdnpn format

iR Hofating Sendid Web-BRed YRi&D] ardhfechRIUNRSinRERt W%?dv%e? access
via multiple nawq%gtl on paths for any of the equi pnent

top 0dRlen PELRINPE HO tthe cqyipmenh asporiagie withitbelisisern, Thve modules are
adBRdWIEvia hﬁﬂﬁﬂ@ﬁav@gaﬂ@ﬁ E&tﬁ‘{‘ﬁp §r§rat H%Jéqgupn?eg s%ﬁ%ﬁﬁ the system.

and parts manual s nodul a spare
Inyape embasinens, the mepdgles e@ﬂhqumemnteomumdutmp majoehance and parts

mﬂiﬁ)l?a@ mb@i NI %5&%@ a Si)g}g OREMBhAL/ a%%%regmpﬁlenp l%ﬁt]é)n map

le to access o Ine an i nteractiVve ma
fhﬂpart of the world, as illustrated in FIG 4b. The

quI wi | | Iﬁ?}ﬁl\é\' e%%din?e%?tthoﬂgergtfor/(t)@r? r° % g&g:%{‘ﬁss on-line an

nment at are under nagemnen
ln(;’lratqtlkq: ngpor thehwoude si padof tluea;toﬂaln asaﬂlueteanecpime}nt} pb OViheegap will

./ tor ased on t he sel ections, mad
S48 BREELARE Bl BB A B b
sys@gui. Fﬁh}:htng oAlttieedeniadd l\zéﬁtiym oﬁethtﬁﬂeﬁiﬂprbeldes the owner/operator, based on

cally-create ed on_each
thgvvner %nﬁeré(% A€ qRii E?Téﬁcfd% o sﬂnglsof Sag; &95) eagh pieger ofs gquipment.
Attéraatively, a Bﬁﬂ@mﬂ:@&yl’dyﬁﬁﬁidﬁlybé’rbd'ﬂﬂi b eneAMNBs DB Eth Ywner/operator's
ul es, for each g ece of eqU| nment .

d
cdHREG U i LRIt SRS O 8 DPrAsin Bals bring e ownerloperato

diesenig td Bp aicaties fow e@d)ﬁ@éﬂe'&@ﬁulb‘ﬁléﬂt' ThO Oy stehPBRA L uiBRized to meet
ea&ét e architecture, [076] The mai ntenance nodule is

SYETERCIRET H PRTALoEs BiHlEgneandard web sitmirphitsairce r ecor ds
[OVG]a the wab R@dhee fHBGhe W&e%%ﬂecf W ﬂrgwh@Efsryrh%Ees??oc gxgiﬁ])cenance

anln onto the system wi| ave a uniq
Tegqy he wek BWFaHeEﬁ@YPWﬂ)(Wﬁ@ Interpet] 8§CQ§$) mmto ﬁ@rsystem will

ha@& %nl'ﬁlnﬁle Ssvh it qu?lpr idd fb(?'%#gt% e%elg %F%' ceetsé ng. l example an

act ual “nai nt enance o ave CeSS
m@lﬁld}‘alt @ infigiduplp somgleting ﬁt@e@ﬂsﬂ mmtmn@r Of i the eqimpment could have

acb&§% too ﬂle gﬁﬁe&{ﬂﬁ slge%isafor recor 1rég %f)ele{?\élleelgg?q }a{(éme and gata. Their

access to th 'evel "t epor
supgrivisoremeid baveiastens 1o, th&aed ldvelmeﬁortsﬁlllafrmﬁ%&mitiﬁtenance history. Each

le&e‘i) Q% £cglzs|s ' dcogi\.f?lﬁ]er&%ghl&qlgo- gsss}%\'\@em O[ 077] Each piece of

ry has a schedul ed
[Oﬁﬂl nt en aEacfh ipfeb€ rof atquipnadnt ii6 the ae@ment Anivditorp )/lﬁlts €Mscheduled

e rovi des H&ar aul omatlc notification
mamte‘ﬁ"%“é el Bl & Breed inPelhd Goreii “Eh'%ewte’alu@owé@% for pyepmatic
noﬂﬁ@mod ld)é rrrafnteﬁl@ii‘cedwdke chate [ALe ARNBEr HRSdats CTIREN eSBRWE stifkduled
| ustrates, the type of data that woul d be
maégtgﬁla[ng% aék screen s own in FIG. 4¢ illustrates the type of data that would be available
for maintenance supervisor to efficiently schedule his maintenance assignments.
[078] Once the maintenance is completed, the data is loaded into the system and is

accessible on-line by any person with security access to this portion of the module. All
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for mai ntenance supervisor to efficiently schedule his

mai nt enance assignnents. [078] Once the naintenance is
w@oroplosteesl, the data is |oaded into the systenPE@mnusS1084/034016

accessi bl e on-1ine by any person mﬁth security access

to this por |on of the nodul e. 15mai nt enance

R RIS I‘g Wﬁtkeatp% B dade ealloamgoﬁm nipak-épe™ pesgss- andplanning of
pre¢&EISS malgknphanNni ng of preventive mai ntenance. [079]

The mai nt enance and parts manual nodul e provides

[07Rkq) - ti e mpdntenagce dinaes maped ﬁnqsipl@znr ed SEaghtime’saccess to the
1 r r

a@@ﬁ.ﬁ?gt%{& H?%Jngingv\g‘g%égﬁ‘eglrﬁgts Elr% dgﬁ%&?{@é cgﬁ]y 51?&16 Ystér? Thd sent to
a gWBeroppigtar 6 fome offive f@‘ Cbﬁeblﬁfoné@]ﬂlemﬂ Df eq'ﬁimnea)nl Theeonline access
AR, &GoRBIPhTIGH, gpofvgde%%%fh e @ aribpe RIBYH ISR access to

t he mai nt'enance an OF S i NSt ant

upgateateseriee slediﬁi:atenmmh shfegafeitores farbe spipptont gkt masgeement by
1h%8%;%ge equi pnent under nanagenent by the system

6 ‘The data acqui sition nodul e provides access to
[0BOEt or i cdlheidath acquisiionrmatiplegirbvitg abdess @idtaical 1ﬁﬁiﬂ1lnﬁlg)rmeta1hng
t her. .0 rat condi tions,.for

o 550 R o, SRPlnk S oy R PR oot it iece of

ecjullfmenofrecbhied ooemhe &ft of thei IcSmpgﬁeﬁt’ dehis d&i(ogdedsdafaolm@aﬁl@gred with
eoreti desi consj derati ons esi
el S et (it PRUiRS A ronresatPerigropt ateed (o predic
prEveRMied inaitfendRic Ko RIIARRE CorSted fbalt@Sd tohpdndsr. 'Wﬁilﬁl@thﬁ’éﬁ in FIG. 4e,
onent. As illustrated in FIG. 4e, the data | og

g Bedatly ¢ Hse ugspeReRLINg FoRditien dpiro dattte and sum the total
thiouBhhat & andingiubingictOtA eduﬂfn%ﬁg hRMidiag ﬁfbnhﬁ]t‘ijdnv IggduBlanning,

pi. ece of eq pnment. provi ding i nformation for planning,
WBWE@B%??@ﬁ“§%ﬁébﬁmé§nmﬁﬁﬂm» 195t enance schedul es. [081] .
[0d1e spar anp §15afr§pzm§ %Udﬁlerf)‘i&hfdeg fr at:&rss @‘iﬁﬁ? ﬁlaﬁlﬁls%ﬁtdﬁawmgs As

manual s _and ‘dr awi ngs. i ndi cat ed
indicated dn Flgt 4 jthg blllsofavaterlalblseaveﬂahlﬁ ﬁeha«t @hvgngmlh thehappropriate

driRREORE N3t € THE Q:Wi'n@gréérnli E)Bftn&m 384 a(? AP G e &tdt n"(‘lgﬂogestatus,

identified on-| I nventory st
quetionednddelivesies erarbetpeovidedy il"UeehmMQlt(cmﬂmmdmd omhnebe
ordered on-line. D. Sinplified Exenplary Theoretica
And Actual Conmponent Useful Life Calculations [082] A
hp g Bimyplgiedpixerhpleg Theamidat Aofl Actuel Qomyeasst WBEful Life Calculations
cal culating the theoretical and actual conponent
[og2lef ul | iAf hngﬁl@rsnhp‘ldied ieﬁizluﬁbled ODﬂEQJﬂ@jaisSonﬂ;a}cﬁﬁtiﬁnggBﬁﬁeo}%tical and
Wi. NG er, etc W now be
acgﬂab%%@% g SRR FSmEoht shedHmReo R (re - RiCAg, Winch,
loddee ter. SwRILGRY IRSgifedl ORhild dbﬁ@)dﬁent diesiib a6EIRBET ofSREABle factors such
a ceIeratlon decel eration, tenperature, corrosion,

% dpiguc. dplycspgnt Rssgs n@ﬁ@lerarlabrqlee%leaew, teRIperAuEsy corrosion,

paﬁtdres, studcet tRtriei ClubficadbRleftiaRN dabl lrbrt dhe s(&Eém)@ rh‘?'ﬁqlirstandablhty,
wear in the fO||0MAng exanple, is equated Wi t

copppRent jwear in thg fellovgpg ﬁww!@ ipraquated| wish theywork (1 e, force or torque
mﬂtlﬁlmd&@ea@mm@lﬁmn@xy iHeqeghkRTENt . [083] In general

terms, the process of theinvention initially plans
[083]i nt enaﬁt genegsyl terms, the process of the invention initially plans maintenance for

equipment X based on assumed theoretical duty profiles, which are based on assumed
operating conditions. As equipment X begins its operational life, operating condition data is

collected by the system. The collected data is utilized to adjust the theoretical duty profiles
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equi pnent X based on assuned theoretical duty
profiles, which are based on assuned operating
wa@ondiosseohs. As equi pnent X begins its operat i PCEIUS2004/034016
I|fe operating condition data is collected by the
em coIIec ed dat s utilized to adjust the
t % ha&fijg}St 46qty prodi eflg{)eft %‘h\‘,ﬁeﬂ fapjusyth ej-pﬁaéntenance schedule

foaldhél%tlﬁﬁmdlhﬂ ymr @dijhit&fs d@y QréMeN adsAh tRkdad] ddliﬁlaieh&e Jmount of
mai nt en %ésc hedul e for the equi pnment. The adjusted

eqRTyen i1 <‘r usted g to fhabpajatde tims. dhe adipsiedduty arofles avetalsorutilized
oq%ble&l’tﬁﬁerdainﬁ@ SPOSBPmidR: 140 that point in time. The
usted duty profiles are also utilized to project
[Q8ﬁ r emai ‘M 57§ be Rpweciater & rdmfemwmg pramyjlo g4pal Aperating qeaditions
cAPRdBEh Q)trqgngtl'ie%n@hk rh%tuglola(!l a9 oG ac'm):pgmen@cﬁgéf@ll hfe relative to the
operating conditions can ort en or lengthen
orging] afssuseRs; prvEmRCns pod @gmpmetntlseﬁd difei|depénflingran whether the actual
r t
opdifin® aggagggx}snagé ity R aRanes! Ay%g{ B appreciated
fromrtbie pnemibngaﬁlé}sn@m@dlmusslms gnchar gl teheme mpregﬂmlﬁioyl the following
edl
di@é%é’igﬁagcg% éislieglﬁgnabﬁrggegp oF ﬁll %{lﬁgct 15\%“1&%1’1: glkg ear Jf‘e?%he]dﬁ%{gmment
lifegind owimenat¢swhedilon be hinematitle npdaet lpas@b@saluqﬁnehhﬁ s real-time
t n Iovvs t.he edl cted equipnent life
elﬂ% oﬁglldr? e\r?z]ﬁéénpshcf:l %f(tffné’let%a 12’1%? omati cal |l y updat ed
[d8aFed on HGub pllmmrhteXas exealary,ibiehighgrsahplid] Askainad DuleProfile
i fied Ielsa follows. [085] FIG 5
o BB e VEsoEimgeaf Jor BEPRTK (6 B e vBglass, Toader, etc)
Adstsowreiel FIG! 3 eanpnhbﬂte( ®RabyiférenidAQBaRdEOWN by conponent
a.crane, w ndl ass, |oader,

equi
[08& ; ﬂs'e!ﬁuﬂgﬁnr@ﬁ% med duly gt prapeauPRER deBss Fieshagumes an
eq%apnﬁ’enamémgn [lﬁ86£br ke G d&ﬁe@tlh Nfhe@fdnaS PITRMs Aiiiiple, the assumed
esl

profile, an e prment %gjner first assunes an

QR Arriendie ‘@fr?q}“ipf“éntf)% 15 Priwasqdivp designer ey aessmpsohe types and
niierd & SpeXBAPE L, udal g@ cASSMIBHeiLRYLRIRN e 8 Wifl Be subjected

for equi pnent years. The"desi gner "then assunes
tordying 3?)@%“18%3%1&9%? id,eStgﬂ ligp ifagh ingnge cqse ivassunupsldg be & sppeific type

oiadf)grahbl? hi'a dpERAL [elé1QR g:)adﬁg Hﬁcpﬂﬁéﬁcgéew I'l be subjected

duri ng |ts assumne esign life. Each
[0§§hge cags indicaisd um‘étﬁtfo elqetpmestpﬁos fassomlegfp@pcxfonn three different

sg?&gﬁ%g (Qﬂa tCa%fsSg?Cah%foJeﬁ Ml@ ?lg'g (qu%g]s%%le equlament g%srll%n life. It

acene ndrca
is >aS$lsnedstQatn®1d1mnpKr Vidlr parfoom el ¢H.4.f 003U sa@a@ae déspsrations, N2

TRt SRRl YR e b o U538 e gtions ovr

2eypar puvemed equipnhdnt gesigh diferfoNbquiment X. 100) "Usage Case 1"

o8RG N (25 e by & vsiplorn ] S¥es Lo Rt Ry ar abgean) to

ro2fe ye aﬁdm&satnze @br@ﬂ'ﬂd)fp NNt 11566 Sdn@ NCdrhfRetOB (€gUh MyBRALLIKram) to
Lg tFo q g Usage Case 1 causes Conponent A

dIE 2G>, pgpingta rfgfce REAQ Jost GORBpBRnE 12 dctheive) g 4ot partcipate in

Utage que: pf Tl?hﬁoeefch ok&h&enceaﬂdjs%ér@&e 8NhibjBeté Eofiporent A to C1 (1,000)
draulic _ram ainst a force of 10

o ehoranets b i 65 (55 iohe b upidens Caporsat e Chdea) flbs.
ofl Work. Usage Case 1 is assumed to occur N1 (100) times over the course of the 25 year

assumed equipment design life.
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Usage Case 1. Thus, each occurrence of Usage Case 1
subj ects Conponent A to d (1,000) ft.lbs. of work,

w@orsosssmy B to C2 (50) ft.lbs. of work, and CpepUsmN4/034016
Cto C3 (no) ft Ibs of work. Usage Case 1 is assuned

[Jsg occur é tf}‘érﬁs over the course of the 25 year

B8l uned [5| TR S3%F §95¢ & causps Gemponep B é‘q@}ﬁlﬁﬁﬁédp ft against

a)lbrcéJSBgEle%& C%nﬁ)@hlﬁl@ﬁl RO PO HAdiBis taPa SHrgl FC0 s f Eomponent
%Oal nst a.forc 50 | bs, and Conponent Cto rotate

°f 24t %ECIB‘l‘te Ch ?%‘i‘%’j&as%fz s“ﬁmﬁteaplwccugemﬁo?fe%&ag%%@e% subjects
CﬁﬂxbOMf Bi t0i CR{580) 11845 88 R0k 8BmPonehh BSto Cgl'@?g)cﬁ ;HS &bk, and

e Case 2 subjects Conponent B to

CF”EHPE%,BH?J 6ok @0) %él??p shwptk. BJsage Ese(213oeuntedlse ocqyk N2 (50) times
oV fitte, coBREl o ADBDS Q%tassﬁ‘mte@e r&e‘ﬁ@)ies lj(fg o) of work.

Usage Case 2 i s assuned occur ti mes over
[Q9Ak " cour dier squipment 5 W%‘}fcaésé GAESSs EoupqNeRNA talesitg b5 radians at a

tc>|rd11feeof bR 10 0@021?91’1@%@'%0 )éaspfeﬁ?‘qs a%? i g%’r%? of 290 Ibs, and

n‘ponent Ator ate ans at
Compensst C t@rige A8 madids aba thirgyel 60 fidbs. tTlanaaanls peaartimead Usage

Q- adi an
cok 200y PR PRSI 0l LT G 38 o
frdizss ef WorkuiyjdelCarspaBontyfd toe® (ﬁﬁ)(l)ioftﬂlbs ()Bw&(kO)Usﬁge Cizs 3 19ﬁssumed to

o 63 (ERTHARPGer e flnibe s e tsbugpefgpPmelEliion B8
[031] s aSS uisestiowo imEBEIS, N8 f{.Ib2 5 wdrlpar Y@ cabdfor @ﬁblhrcﬁ)ﬁlponent is
T M AT L I
ea‘ch rcompoient ITROIvE it theScdilﬂ{Johér@’k IB@ocal Rnipandie (Usade Profﬂe For

oCccC rre ces of éhat usa ase, These values are then

ARl B reSBeRL I S hecarticnl cbraRonepidseBrBoRIs (HCHP,), the
fofihela ﬁﬁ@NlC)ablpﬁD R RENY) #{mgﬁcﬂmfrcbﬁ WIRER RXARA %alué!vbf 5,000

ect to onent A's Theoretical Conponent Usage
ft Iii;k]s W(gk( i}‘@&;ugéer thergepditigns gt the Fosgyuesy du;gy repiile 4Cemppongnt A would

ded
n 47%0 %eoaéﬂ}?‘%oiﬁxgg@ag? tti/%o%unt We%psd%gszérﬁlahﬁ oﬁ()ghlﬂg 8(533375 A 0 ft.lbs.

oft Rerkaldisergrdioghayy % Fompenent @%lﬁpcﬂf@ffﬂ? thatwes LAquli valertdtot the rssumed
eq@fpnRnt Qedd QRS 8195 thag aor@#t‘lﬂgﬁl)gfwfﬁ??é é)\%ctt & %Jr%r é ri% s assumed

correspondi ng to 475, 00
Theareiical Gomppnens MsagteRspliln (BEGP)! e fdmmlal is (NLmiCZak €N2 xtQ5) + (N3

x EBE- @é@?&%ﬁgﬁk@g‘gﬁ‘ g%l?eeff' 02%@8!)(5 ftnen{) Sy GRS , imder the conditions

Si'm | ar BS assh
of thregssamedediity piofiteo ﬁ?emportdaalg SVOIﬁfd:lfeledi ® lﬁeTz(BNPto)wltHsfaﬁd the amount of

e ALl 2085 s O, Bl B, . oo

deFign profiln that lstdqelvakamtdllotth@:{BSuméd dquipnaas te¥Re 1800y 25 years. Finally,

Iy R TI EROLIE C e p—

is @¥f K €SperdiRxgCh)o- @80x 090= TCIUPS, wikth Weills ih Ral@k eL800LEDO0 ft.lbs. of
nent desi that is equival ent to

B8 SRR Bl Gh 1Sk A 2

bel—'abreab Withstahd the BRASHR GF wes/sEORRANE RbrrdepdM@RY 81806800 ft.1bs. of work
nt Usage Profile (TCUPc), the formula is (N
At 4t0 ?lmze g cegponeny fesign ofile=thatdypquivalpntdp thee gssimed r:qmpment

demgﬁ U i¥h5§005.000 ft.Ibs. of
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wor k. Thus, under the conditions of the assunmed duty
profile, Conmponent C would need to be able to

wowdkssssmnsl t he amount of wear/stress/strain  PCT/US2004/034016
corresponding to 800,000 ft.lbs. of work in order to

e a cogponent, desj rofile that 1S equivalent to
[ i assurr@% ntg"utfﬂ ‘?ﬂcgﬁggrf‘@‘f?eptl Yoz Profifes,ate generafeq, dfapy) may be
ufdied i the Saibﬁﬁf@ﬁ ef kel cbRPRRACNA JdaRefenPt Thidr@iRaPtén [%onent Usage
0

erated, be utilized in the selection
P g‘gﬁ‘b’é‘?}’ @6‘?1?)%‘1” ﬁ%?‘%to initiglsheuin m%mtm@é? o thag eonmempBnent

[dg30€e Pr cfomeBmRYavail-bR Q@m}%inbﬁtk zg6f ﬁa"?'e'WbﬁryS%leEs\/Stram Ratings or
schedul e mai nt enance for that conponent 93]

chogpriarisiesstbatyuil capeseond kol apprepriste 14 Thenepiea! Component Usage Profile.
V¥R cRlclfSiadost, Theg?éhbaﬂ @%n Bneﬁpﬁﬁéﬁkﬁ‘e& 'tl%ﬁblﬁ? FIOtPi?é will equal the

wi | correspond to the appropriate Theoretica
asympG AErRMes defignrifes This sitpation hwélemct oSt afierdSomytonent A. The

et owgﬁrysffﬁks/ﬁ&@ %ﬁﬂés H’V§§R 4’541?‘00%%%1_ orfo\gvbljk? Ml actual

equal the assunmed equi pnent
Comporent dnmpy be afilizedt cneededi b@r tEe Sdact@bﬁpmge htfe Aie.;The 25 year

aggltng% g%IYﬁ?g# Eis.{g%gﬁé)& rain Ratings (WSSR) (i.

475, wor k) of the actual Conponent A may
[Q941 ut i | | ASehetimks itodtlewt bopasibleite fisd|sawipdndde gtiaghas thé VSSR or

iy ERptBRte QN Wt eReiosl EopdohenhliThe prose. The
agwalgomportent dekicteld mytﬂaee V\&SIR @TchaiaEAgice tas ik Gfnifidaitly less than

of BRI B TR GBI A e S BB,

smsacmm ehrapoaciteseicslell Gor CbﬁborféﬁtGBS\kzﬂ;nétﬂé €ARAthtaldee amount of
n reater than the ap ri ate Theor et i cal

or
BHeH mu%%%&‘épcr‘-‘i‘rda’fgu 2. 292900 ¢ &, wpik- F| Busg, Conponent B’s
Tﬂ&iréti&bl CHRFRBE Nife I/IBCHE A sfuiled @ﬂfﬂgﬂ@ﬁﬁtwcﬁld’\@essﬁkélaﬁ %50, since

wi thstand the anmount of wear/stress/strain
the o pel 6%@?%@“{6@ Bgs 389804 ft.lasp his entisgspracity tigigvailable, if needed,

0¥ ARAREBIed @e&gr nEoAL [ica Ithecé@ @Qﬁrﬁgﬂﬁneh 'ealﬁ%#@lq%émérbﬁfe)

Assunmed Duty of il e woul 5 years nce
019ﬁls WBSR 4508 @Wé@}éﬁ@mgei dn i@@ Go0hd tactupls compdriest selected for

F)brfeﬁt €3RRGnlYablS toa\Vﬁ‘l'lslta%? Itl?e arbgunﬂ gpggﬂ/strgs\ég{ralk Ilgrr%spondmg to

ected Design Lifetine ear
4‘%Qﬂopﬁ%h$t ofleitign Thuﬁ,eyompmﬁq CAsThxeommwleCmap@wahpife Under the

Absrﬂmf b But fProhEQNo‘ﬁi'l?& Maa t%g LS. r}{ﬁ e?&xl && ﬁlefgmff*n(es ofqgggéiec?ecf Design

Cwas o tow
Life fire/, @5%@@)’ $Wo Eompeent €§pnlmd ba gtllﬁzad 408ucOB0ioh t Thess, thefeffective

e % SRRAREES PR S5 PO, By sy e

Setew¢d Ddsegnrlafpui r enent s of the Sel ected Design Life

10368 cossi AR SriTtsiralhan GRTBARDy BUVRERY FURRTG: AGE! Duly Profil

brokenpdiverly dompsneddh ﬁ)r@@ﬁlpfn&ﬂltbﬁ over Wh hétlial ipSrictVal ds@bTks adtfal period
ne gfgd"fl over _th eéqsed Design Life, [096] FIG 6

ofiysp R {Hg prample Wi >P§ {2 Ya3LHCARPERPYX iSiippparationg

[oder ual Das Yalblgfdel & ReakeRy gRM, ByrcE A5 0N &0 dlglﬁﬁcemelllt readings

equi pment X over an actual peri od of use. The actua
arg, gptlarénad from sensors associated with the individual components A, B and C (see FIGS. 1

and 2). As equipment X performs an operation (i.e., usage case), the corresponding force,

torque and displacement readings are recorded.
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of use for this exanple wll be the first 2 years

equi pnent X is in operation. [097] In calculating an
waceaaassedit y profile, force, torque and di spl aRP€rER1004/034016

readi ngs are obtai ned from sensors associ at ed vvith the

(ndi vidual ¢ onen nd C (see FIGS. 1.
[d&@ equi pn%sn’tn%wgtﬁ@ it (l;rs‘; aﬁﬁl“’@ﬁ’@f“a?ﬁ hes pesforged Nﬂsé]é’é Usage Case 1
of8ifns oWEEthE Bifst @S P 9BAE BE ehBfrhdht X 96]9é1‘§c1cﬁﬁlldhfe However, the force,
di spl ace readj ngs are recorded. 98] As

RS eié‘tf&gr%‘:ﬁmﬁltealues fos dbg prveah U syem@sse ple?PFFﬂ‘lﬁ%Sthe (bee different
oA aRsCag et %Qﬁ@%sﬂﬂ&doﬁ% bl | F&t e%a‘ﬂfﬂley ea?ﬁlﬁl Blage Case 1

equi pment X s operati onal fe. However,
OpBRtEme haWocaaseé OMPERRIH A @a ,uetstnﬁgafrhafthe ra@teuléx rad:ewé a torque of

2668 88bsl a%@@oﬂfpbﬁlﬁ?BW@‘ée ReGRuAi - Eﬁ-& e{lgé)lgc'ggr@t Bé}%?fl force of 5 Ibs.

sel ected for the Assumed Duty or €
Camporgnt Odagea @P@ee)@%p@mmcmas ih &lsagecGass éd T@ampmhem;tmﬁence of
f f
5 U AR A LA UG R, 0Dl o 2 05
ftiysd pﬁwbnkcandémnnooertﬂ CstplC8deo)Ft.Tob. cigamilnst a force of 5

R, DR . AL o SRR S B8 e -

olsﬂntt}oastosa@be'rflmne\m yéhri of é“.q'ull(rﬁen@O@é opdrationsl. lifof Huweker, the force,

RGBS B iofo o) CRE LonBiifops bt @erpitfren
fremuihpse fleck dnfds the ré\fsmmwdDﬁ{a Kibfile USB@€examR:, Actual Usage Case 2
erations ove eéhe fi rzé V\% Xears of equi pnent X s
ORSBRORE I'BRAITYET SoMBNE R Ot depteesr Tt gBa dotogpRiof 25 Tbs, and
CoinpPleAC€ i@rdtate/20 148isnd Al t&aﬁe S¥F0uBIbs. US@ESoreASE did not pa%rtlmpate in

%gr(%g gns have been different fromthose sel ected for
Ug S anedUpeesh esearsnce of Eisaeedkasapg| sebiegis Componggheo C5 (125)

frFRS &f oPR WoRidoRdlt eV e6 Qi’(w@)?@t 1605 R LanB éo%p@hénq | 8¢ c4 (no)
5 ft against a force of 25 and Component C't

ftt”bst af WOtk radi ans at a torque of 50 ft.Ibs. Conponent
[ohodf d NotaAPRkichiEd B@Fﬁ} '61 eéﬁlg gntci“chgs éo rfobYE 1\{36@5? Us%% Case 3

occurrence of Usage Ca ) ects” Conponen
oeTAtINs pyer| thes firsy fwanpeaks Ommmn?( ORemt@al(lffaowwever the force,

tofr le*ﬁgl dés%%g%ﬁ%g 'valﬁ cat e Ii—JIS% t(gascgla‘ gwer% rlr%r]:rs:}l bs een different

fr@@rﬁl@&ﬁn@éﬁCN@ itonzbe Hsalg@doaae R%ofnlperﬁirl mmpkayaastualhﬁsage Case 3
L{_eb%{tI%BS 10 )é% C%fmp%ﬁéﬂt p&re t0_ 10 aate i > 28 pr%é@rté Ingﬂg | f\(?lléil ggcg 1}%0 ft.1bs.,

the orce, torgue an i"Spl
Corhporaot Bab dilpiege 5Cﬁisaga18stapﬁ1r®t ofoH® ]bavadt(eceﬁpoﬁleﬁtf(e e rﬂcbtate 30
f.rom.t oses r th Assuned ile.

t 0

ragfol 0 P TR b e 0N o Db s Component
Af@DWQHE@ﬂO) A.1b0 of Wbkt eorﬁﬁ%rfeﬁld? S8 gil)]gﬁft lbarémﬁ)rpfan?@@mponent C

onent B to displ ace t agalnst a force
toclt‘g f%o %gon% rrponent Cto rotate 30 radians at a
[otorjque OfAs2€Mdwht inl BEs. NS acRAICR.INC G @RGRY Qlfsa @ﬁ@ for each

Case 3 SUbingt S Conponent Ato d (10,000) ft.

cWent%% Bst bygthe getagd n(ug{bel) 0 chcqrgegcesaf thag p%\ge grﬁ;g to date (ie.,
foPRHiPORGDle, thelaBubihubfePOdVechitentfor 1Rk uWBE Kase over the first two years

equipment X is in operation). These values are then added for each component to arrive at
the component’s Actual Component Usage. For example, with respect to Component A’s
Actual Component Usage (ACU,), the formula is (N1 x C1) + (N2 x C4) + (N3 x C7) =

ACUy, which results in value of 140,000 ft.1bs. of work. |
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[0101] As shown in FIG 6, the actual ftlbs. of work

per usage case for each conponent is nultiplied by the
wa@edogabsemyinber of occurrences of that usage caBET/US2004/034016

date (i.e., for this exanple t he actual nunber of

rrenc at ge.c ver the first two
[d;'g’gf s equ‘fg% rl%iﬁ(%&%ea oﬁ’ga@&gn‘jf thergwal Coppent, Aqutilized in
ed;lhpmemdﬂewasf equlmﬂﬂ t6 oﬁmﬁ’[ﬂﬁeﬁt AG iifhédréﬂ%alaboﬁlb&lent Usage Profile
r _exanp

s Act.ual Co nent
R TRBE, Bt AR Camtra GshasorldP0 DML SOABshows that
a})pro;tlhﬁtef}ORS'Tﬂ |p3rcbr& df Mompofidnk Ars GBFuINifE4hs B'eeﬁll\glhﬁecﬂj'l"hls analysis
ACUA ts in val ue of 140,000 ft.|bs. of
amﬁ?%*l%@F %gT%ﬁg 45drdadted in FIG 5, the WSSR of the
[eospal  Cargonenta e%nl—f)‘h{ek FeA=Te) dﬁfﬂ@%&@ﬂ&&t thg(hmmr%' 500 of a piece

guival ent to Conponent A's Theoretical Conpone
fﬁa@%mp}toﬁeig} e CHms) guothe Ibglymmgl Rerefinh dife pE a/Rompghent (e.g., slew

b&RRBPHEME ehﬁ?ﬁ@nt(ﬂéo F90) oy §r%%§029 Qi@sgﬁlp Qﬁﬁ Stthgtaﬁl%hcrlited by 510 in

(g proxi mtely 29.5 percent o
FIG-.t4e) W&égre@l@?ﬁllmmmpzreﬁfor le@oamaneps ihe Zeqymt Gamhonest Usage versus

He BV 5 SE k5 4nd Rufl Ipé,ﬁﬁsﬁﬁagﬁa [0103] FIG 4e is a

conput er screen t shows the Ilift history
[HOdl of a 4y dizaed lmﬂﬁ}p‘ﬁm rbe [ifting.histary 0ané)thatdnd terecorded in

LT L O —

toch tepé amp 52K eThik iiﬂforrrladwmlah&lﬂzeh)by Beprodessdfthe ﬂ@énubﬁl & adjustin a

are r.each.c onen he Act
B AR HER N BB BR150o e “bagkFBARE nbs e But protle is adusted
the prepomtestt slawing beeg 1O #bhstds 521 g 8t AtbplafleddsGho#8 . in graphical
m%qa gh;tlng hi story 500 of the crane is recorded in
R of percent | oad capacity 505 and swi ng angl e

[05053 Thesk ta@ipiEe e AJRL Ratest B6EOTEH O8mpdhert AlthBRhe Theoretical
nformation is utilized by the process

R 3 Rl b s Saipisdeen e AshimadnEtan ke et year

oﬂJSIﬂﬁzﬁloﬂfﬁf lelp@phent X hefsd¥iindoRedideng. F16s st herdsge, graphical
le is_ ad ust ed, the percent of slew ng bearing

re ’ief*‘é’t*’é%’ﬁé’é&% dh%é@“*}%r%?frb’@n‘iﬂt Ysranyremparss toribewhssumed Usage Profile

2sppIRA 3l WESRIGOMAned 4105] To compar e the Act ual
of Usage for Conponent A to the Theoretical Rate

[oé?G]Us age Asrﬂaélcg%m 14y the deeomaticalcanant ofhemissentdife that should
haod to¥erD ﬁtﬁfzbél tn ﬂh@ ffltr;t] Bwd géa% of NRra¥ibR is> cai)cﬁllrg?ea%’ygfxé %1 {N?ng formula:

erenc now made t
(TC&IPa / gﬁe@ﬁd Qi’lSIgfl éifeks ectuatyean Obﬁseho"'v“\hetOMCAdhfedU sed in Two Years

(@@pgﬂe " %t%?]tc&{@%éﬁﬁjt Q ue Ss ?g%w‘f\dlbi Lk gs]r%rggfsented on the
Agsnuiied Suéyd Piofile~¢u@re 6f FICh& ltyh:e omcﬂé i Ghee ﬂﬂél):lwatyegtf Actual Component
shoul d n_utilized in
CBBTROREThol e e sopute, bavs een, 226 T pg
cah ok lvoddrstgod mambrﬁponéﬂ'tQJR tirg vﬁﬁhfﬁ@%@z}i}e @{iﬁis gfgni-ﬂcflﬂ)y Righer than
I Ca I Te ea In

tu se = he re
PSR AR PRS ks w165 ocAmal Cogipasant Usage
is Equivadqit %@p&@@mﬁlﬂlyﬂh’ﬁyears of use at the Assumed Duty Profile rate. Thus, if the

actual usage remains constant over the years, Component A will require replacement in
significantly less than 25 years.

[0107] As indicated in FIG. 6, the formula for Component B’s Actual Component
Usage (ACUp) is (N1 x C2) + (N2 x C5) + (N3 x C8) = ACUg, which results in value of
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Assunmed Duty Profile curve of FIG 8 by a circle.
Since the two year Actual Conponent Usage is 140, 000

wo 2oos1038613 whi ch is represented on the Duty ProP¢T/@52004/034016
curve of FIG 8 by a dot, it can be understood that

o TR sty An e PR e EsRGory el Germpnent B witized n

e@jjbmed?r}b‘fvad 392 088 firlbi | "Bt efud dxcdddSCoMipotdREBACIhYéktical Component

TG I OE R

falfowlipecoatptutitibn bsAGR thRMBpAAFy KON, ifNeBled HRr Y}?easreﬁ;cted design
?o onent Awill require replacement in significantly
lifedLORaH 25 years. [0107] As indicated in FIG 6, the

6&)@8:{"“' ? fmmdczgm%mn?eﬁuaﬁc% ﬁéﬁ@lU %@%ﬁACUyS@VﬁOdOA%WS that

aprEtimesly; 73 parerat of Compars B's u$€|§l§ lifphasgeik utilwed. This is reflected
il PRE.CALARCH BraphiGllySoonipfes WRSRC g 53&1@%?’&% a%ctv% ;{%%E)%Hént Usage

B utilized I'n equi pnment X was
versus fee WSSBJastheaepd sempomBhisntilingbr et i cal Corrponent

e

Retorof Wsagei tbﬁ sbedd hse QChmrsedqapt-helAsyumcsl RwgiPratlié & the first two years

I eet ed desi
of BB IS SRS E3Tnbkt B, HESLT s i

reBRe10B DSl thww thmAttud@nmonemﬁBhge cbmparepes the INssxﬁhﬁed Usage Profile
asan‘F ent ' e Ilft has been utilized. This is

ef | Q/m RAT graphically conpares for
[daeh Conpxxi]mﬂicathdi]m Bt Lﬁakhe@é&@ﬁﬂ{ﬁmdﬁﬂgﬁcd@o‘ﬁé&ﬁ lit& ehat should
the nt utiliz

1

ct.u 010
g8 Rt Sk T AT nE OB P Deesn f ARGt Topins formula:
(TGP VISt iDeaign Rafe® x @étuiil’i‘y@% of tﬂs’ét - Theudtidal@¥eUsed in Two Years
LsrrEd ger t he ﬁssurred ﬁl@ rofile in the first two
“3@@ " oBPUETOR: 15 Ui e 2%400 dhlor apdds regresepid on the
ABRERA Tty Plofild curkd & FiG.i5byAa gir@PhisaRE tﬁeemoeyseﬁpk@&hp@omponent
of how the Actual  Conponent Usage conpares to0

Usege iR 5 dsthy eWise b isi rPIérescigteﬁ BP Fheéﬁltit Brofi uWSSFiH@ﬂ by a dot, it can
bCRARSASHI thi: ChRdhe ﬁsﬁs 'b@ﬁ{lgcv%rﬁ dat aNeafe! §at R hénh?c&ntﬁy lower than
at snou ave

t heoreti cal amount of conponent life 't }
prgdigisd By thej &SéﬁlmP%Dtﬂbré’f@fﬂ? stis teflectodinrlGo9, thpAetaaliGompogent Usage

is %@ﬁl@'ﬂéﬂt’c@ %gé(mfhgélyf (Pé &7% (lesé rtﬁ@"'}\é%umga Y& lgo{ﬂe rate. Thus, if the

| ect ed n LiI'fe)’ x act ua ear s
aCTlWé Byage FWIHSLQOfl@aIwS)E@i thmyemocammnm Wllctaﬂqmgmﬁraaniﬂs( longer than

Zigaearsv 6}%}&& eVéh 1%%164& efl tdo 3 oﬁaen?Ulﬁsgéwee regcﬁuevg eefj 593‘;] e}\ssumed Usage

r of| e cur
PiSfilec as ﬂllletr'cttmblnyﬁﬁr 9 ACtmupdnefioB@nkintavblapgrexintteB8 78,000 ft.lbs. of

ca%%crié\ygg’f(t) ?t f cp @C t%yﬁ peégfe%% edc(@g% t eeaqg]% ?%g‘lgél%g{ }t% ﬁgq a WSSR of

39(?gﬂ®p(fnbntwﬁld the hRdoRgicwioNshgedprofilel faf EoinPadent B only required 280,000
ftgpgm ficantly lower than predicted by the Assuned Duty
ofile. As reflected in FIG 9, the Actual Conponent

[Olwsﬂge i's AﬁQUﬂNEﬁE@E}I FI® QPR thimtes Eoﬁp&mﬁﬁ@'@A@tﬁalL@(ﬁnponent
at SUASS XProflle rate. Thus, if t

Usage (A 18 ( C3) N2 x C6) + (N3 x C9) = ACUC, whlch results in value of

77,000 ft.lbs. of work. As indicated in FIG. 5, the WSSR of the actual Component C utilized

in equipment X was 400,000 ftlbs. This value is less than Component B’s Theoretical

Component Usage Profile (800,000 ft.lbs). Consequently, two Comﬁonent C’s must be
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actual usage remai ns constant over the years,

Conponent B wll last significantly |onger than 25
wQeas®38688 so, even if the Actual Conponent UsaP€T/Wig2084/034016

equi valent to the Assunmed Usage Profile, as

il.l d. t B
“ékﬁe?é& F‘?rﬁ‘resé’l"i} tﬁ‘fﬁé%b%S@?th'gpﬂgSIgghfeeévéggw@ K the WSR's of the
fﬁanhndfsetchﬂ Q&np’cﬁlaﬁt 08 ieoilts Be CAUSTR: clifte adedl URIS SRUTPSIDRIOD.  This

% %%E of 392,000 f1lbs. while the theoretical
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[P1A81i | | zebp PompAte @@séctml Rage péalsztgetfne Csmba&medi wethé Jheoretical

f Vi d
ﬂégc%rﬁg%%ﬁatosﬁgﬂg i <’Aér e§ u SFQ ? ﬁhm?rfsu ’t“’ry v éoggSfIh%'F %\9@% years
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agépplieditoghe WBSRApr Conpatieng”.t he Actual Conponent Usage

000) 0 at a roxi mfely 10
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of Us %} nponent C fo the Theoretical Rate of
Aomsd i PR e ASDIS: J8 il rr i lop cynietibe Re utrechetoat Gomponent

Uﬁ’ig@flé Y E000 . 1H3€ whidhS$ rebl’&erﬁfé?ﬁfn&h@f)u@ngQE ICQIr\]Ie fof’f?{_ﬁr éO b{ é dot, it

ul rrent X, reference is now nade’to
Cfins eaur@raréss»ﬁii st ComppresbRtinbdingworn 4 oviate Iti@t Adtigher than predicted by

t 0 I 1.h uned r
mggﬂ%ggl%? e% ggieﬁlg %Q ecte(a nglé}ﬁ‘élz)f rﬁ% Aﬁ?g%oﬁgggenk Usage is

equiilans teerppraxinmately 264 yetahseoftme ot tht iAssumedrun Pragile rate. Thus, if the
a&m%g %mélullsf c%ngtglﬁtovénﬁy #le%shﬂ\éﬁll P eelrlle flfltgl{el éz%rgg/gv (EOénponent C’sto

st “two oeralohlsc
1a5f025l}(9WSng for mul a: (TCUPC/ Sel ect ed Design Life) x

ual use or cal ed in T .
PRt R T L
0pe$atmg pcroeaémnne dnd nvdilable Adusdl o d:oﬂpbnenpﬁlﬁli‘fmﬂ BfeCuidee tHefe operating
C%ghlﬁg% dht X"{fﬁ'ﬁgs& eicL %%;?%Jggtgfa%lg anm‘a@h{ﬁgé&%d maintenance and

cd‘m;mnem’eﬁﬂ@&n&ﬁt phag. m{erIB’f ﬁ%f plh&d%ﬂ e Qbtedl fad ziboacmél @perating
e under st onent Cis bein

It can
(“ﬁplﬁnsaftlre Sense %ndt rﬁ%qrteflst%ﬁ Flbtﬁ @Fof{l%@ﬁd% wsgdl Eqrdbe )@ylai ﬁqglgn and the
inh$ UiRBRHEN aiftEhéd hd Ampbfint RGIREMIM plah Gre 424 b Rfdate the plan

ctual Conponent Usage is
and to recognize conditions that require component maintenance. The updating can be done

either in real time as each set of operating conditions data is reported or periodically after

data has been collected for a specified interval.
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equi valent to approximtely 2.4 years of use at the
Assunmed Duty Profile rate. Thus, if the actual usage
WO e0v8ioss1xonst ant over the years, it will requPCEURINE034016
than two Cbnponent to last 25 years. [0115] In sum
prec duty proflle anal ysi s, which uses
[%EEL g‘% ALahots dnef hep gwbedimeij of dhaipresesh ivarfipn. It is similar to

tl@Vs%lHoaﬂeﬂt SIEtTE. Ofin SRPRRER bﬁ’tstﬁlfféfL 611 N i %F gomrpéeteness

operating conditions, IS used to sel ect conmponents
theggerbogipenh pf Figt 1 eBrbetfilbnexpiraiedt eveaniefeames doatponsmilar to the
ehm8iaesERrig.Al an. The plan is placed on the system and

as act ual gﬁgratlng conditions are sensed and
[HdBbr t ed,In duthg arge 6 déretavtithedl amanssettiatfaos situlied ionisite, dk., on or

' epretic mai nt
cEeleaflc kiR ek il IPLELL PR WTRIENNGE Al v o
hggdguqr@rsrcédhfgwnmnxc osiolg the@qslpmbﬂt Theaitia 62 daes Qli\iemmputer site of
i e at can pe _done either
ARSI E: TRCSREEH DR R BE Wi e omasa ket supplcd the
cm&mmnmp@mmambmtbmdpmahly after data has been col |l ected
a spegified interv 3[0116] FI G shows another

[J@%]odi ment’ OF PRAC e ght“% w @1"? gronitoped; equigmant 63 thet in this
e?tah@lee]mactdp devet arxdfm fal fGthet exﬂnﬁ@woﬁﬁﬂﬁﬁi@mﬂ) Bt Iﬂg)f f)@ﬁn%f type of
e|n oth bri; sake npl et eness t he enbo

%uflpn':_finé e% ¢ fop) glo]nﬁ?rrlyg gﬁﬁogi:r éruare%§% @re; jound a spmpwer 64 and two
udehaiterfat® 651 aitl 66 THeMsértiBteFH2@8 icBR s 8dcufleftatidn o Bd J:ch]lpment 63.

.n Fl Eﬂzﬁrea 60 .denotes the el enents that are
TR gy P8 iPoBHCY pRasificptions, mygalscegifisaigs. is- Thieusetjmiopiaens provides

o site@onTRAing of 86 -cqUipBeA! B2afiladeR Qﬁeeépef-f}ﬂ@r 6l dRRbr the gerfcgmance

Sl uter site, e.g., headquarters of the conpany u
BeofiPp Rishprhent AR dsserialebeemeradscureat wrhisierer Thé tngerfaces 65

ar@[r 66 bR ﬁleédﬂ)rﬁﬁu@ahgﬂ'vgﬁ{ theTJhesuéet{o 8ﬁ§h B Ox) dg ronr@% chlocal area

the same conpany that has supplie e conputer
negyierkt grpoted by e rithe Uper1ingifacks 65 ed 66 cai lveeacacssai :ﬁ@l \ﬂ&/ed on any

m%@ggqoﬁgabggpHquﬁgnﬁqU|pnent 63 that in this exanple
|

is a top-drive an n a further exanple bel ow a
[0#8- pu np Atbiaet clmwdy@um yite §pthenfis eljon plmsmnenft@aﬁ iubdrénterface 67

andoe[ n{gﬁf%r 181 fhg& 68'Ofif Velrvb alﬁgeég ; agsggn%é@yg [ Ou n?‘ﬂglatlon as the

and two us
1nt¢gfe¢eS| Gﬁt end §6.eThS nttelﬁicas 6% add)CﬂngﬁBtlﬁtdoﬁﬂmﬁﬂibahb@ with the on-site
echnlcal speci fjicati ons,

P S B B8 b5 S SREEL MBS i

hMHOV|des on-site nDnltorlng of the equi pnent 63, and

ows t operator to noni.tor the performance and
[Oﬁdalt e of Q‘?H@ @ﬁﬁicﬁﬁlgﬁtﬁr %{ﬁéla{gﬁ‘gﬁ&a&p@dlsgréﬂ@gﬁ@ ‘Hdenperformance
manitoriefthaewill Bel explaineé furthbeinith BNéwigges 65 and 66 are in

Oﬁﬁ nlcgﬁlon wi.th the on-site conputer 64 via an
[ sit theotenticesprayideieteio?kis AierYst dd (BRe @omorphpasylesepresent,

deb&Mid@ief A€ 8&dPSTIRN rbG AR lﬁﬁecﬂﬁpﬁé%dsu@%gmkht@%’\ﬁg V@{]th@rﬂ{ternet

dg m%fr connected to the network

cRisAEY LRk 74 of athgr cqmyaynicatign ppthoThe %@uﬁ%ml@tsqmﬁgwnce (usage)
data bR th €quiBrhient 63 from the on-site computer 64. The server 73 also collects
performance data on other pieces of similar equipment that may be present on other sites (not

shown). On the basis of these collected data, the server 73 prepares aggregated and analyzed

information on the specific type of equipment. This information is made available to the
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and a nonitor interface 68. These give access to
essentially the sane information as the interfaces 65

w@r@s08.613he i nterfaces 67 and 68 are in comMmuPCT/EB10041034016
with the on-site conputer 64 via a network 70, which

p 0 rate net he Internet. o
oS G 5 PR TGRS iar ot ek 8 iak 75 The lipk 75 may
bt thedsteinst, adsdicaredui®ror bthbﬁd’(ﬁtﬂﬁlﬁncaﬂioﬁ Pdth.per for ”ane
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tori t hat w expl ai ned further t
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VJ&eIeVﬂonﬁﬁurﬁ@ﬁen Oysteifl Ve JARNitD8r HE&SRBHmunieRED tl'ﬂ O1fQhe Internet is

need) erver 73 is |linked to the on-si
used i@ atisk t%fil r@r EEapiRRIngnh {sdha dhe ongritg icerapeser. Fhﬁﬁkelﬂlmt%%nd the service

pRWIUeF sieQRBHANERIIAD tHRAWRmedhe server 73 col | ects
erf or mance ééjsage) data on the equipnent 63 fromthe
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at%%%%ﬁ@éhu%%n?@?lsg e id vml QOUERY 2 quﬁgm&ngf e %gl.lllf)llngl’llt Js moved

type of equipnent. This informati
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er net edl cate er COI’TTTUnI Cca
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aqconmhn‘ grto d:’raatanmodmhof HIG. 11hén FIGL €2 Bethe bfiheldededshaive ibbéﬂgremoved
t
ingody PRI TR ot ¥ RS dhe wORgton of some of the
aspedigiect able to the Internet. [0123] On the equi pnent
are si ed vari ous sensors 76. These perform
[oﬁégsur engws %ﬁh‘l“ﬁehoé‘fqﬁlrﬁi‘i‘e‘?ﬁs@?o&ﬁ’é}t% s Hid; hanpe g epopiece of

edul}ned 63, & RoGAEMPIt 188 nfdtitoriceySk AR tﬁ@%t th o i eon- s1te computer

conputer 64 is a dedjcated conputer for the equip
Thezsehiics Rravjdasscryen/sie et givided intoa gumberioR elemguts WréﬁtTh@se will be

expidedat tHetfolMwihg.f Of | ow t he equi pnent if the equi prent
|s moved to another site. Consequently, the on-site

[088Iput er A84heragrvise peovider itk lidlsart pyforpmentmaenitop go@ponent 86,
wiHEBRU REr B GRIMI g{eg‘rérafglﬁrl}? monLb Ak 'ﬂ)gteth% E‘lfgﬂ R There is also

i tem of equi pnent, severa
ancinplygigad er @ryq@e@ m{>r@t1>2 Aqmqunas 872whiall 181a'ﬁotshhowea1nmnﬁaee that will be

rin st em
exgg%%#i Iﬁ%lg()?{ oaiﬁﬂh?& ﬁﬂz&ﬁr ther is ?lll)e':c?aé% rﬁ'ﬁna TRent g&ﬂe(g@phlc user
intepfaced I8énbrﬂdglt1hawl®rdmey1 ay gnuoptied ben bnsmmm-sﬁnmw: tdiverI8G.present
v er 19 facllitat anatlon of
at ifo% rrsgp\g g rﬁgdeésseég ﬁ?&ce fﬂ %Eer f erg ﬁ U S e ew
[Ob2¥]site d‘hcrpmh@enﬁﬂt, daBibdseiGiﬂiICéB BoVidy RbAE & DHllatabase that contains
nonitori system and

de?%e Eré I’maélogfontaﬂé uléqelgeéltt gglttrggy Op connectecrl1 %o the monitoring system,

including user interface information. During set-up a management database component 81
receives information on the specific type of equipment that is to be connected. The
management database component 81 then defines how the raw measurements will be treated
so that the presentation of the values is convenient for further processing and analysis and for

presentation on the user interface. These definitions may be, e.g., the time span between each
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The service provider server 73 is here divided into a
nunber of elenents 77-85. These wll be explained in
wo b@sostehdwi ng. [ 0126] At the service provi derPGI/US2004034016
al so a performance nonitor conponent 86, which is a
nterface simlar to t he performance nonitor at

user

SPRE® of PEfhieEiTis: e gncamisghens. gi5alla menggement database 81 also
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1stf5@¥hrcﬂ%}i 1REARANERELEhd Rnd N e&TBr{{.é Q- élﬁl%d ﬁx?éﬁtere
i ncluding user interface Information Sét-up a
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h t e of the val ues conyeni ent
e st SREERCB ROl el v Bt Bs FRUE EnpRitpionfhe intda
ccmrﬁlguﬂaeomexmtamsrmefoﬂlawmg cEnrsg: definitions may be, e.g.,
ggl bet ween ﬁach 25storage of measurenents,

snnofﬂlng eﬁ“ﬁ@g&&%@ﬂ@ etc. The nanagenené

d th d t

val oa2ing LoRhnt ERMIDPaGiBR Sngnnete r t oemwfeiﬂ ]
the —_L@lééﬂ%mﬁ@dn‘ﬁ@%@ i g['xgg' e{ilr?eté@fb? | gutr a%l%} %tlﬁer ?%SI

pr oVl gdesier hese NIt i o
generator 79, a content server 78 and a | ocal graphlc

user_gd T f,iegl
gen QE%%% Elf;lg ghﬁ ne r@g{}lgétﬁgls ggtﬁ:%s atﬂg rlo%fﬁ #ﬁ%tcil ? T the a‘t:"a logger in
on-site conputer 64 and the Iocal gr aphi c user

I nt esd1@g andENELAE @bmbdnidalRgLales a | ocal interface.
Al this ?nfor%@%léﬁ |g'fe§ aﬁrough the content server

and -tdiodtsparhi @doweddeNe b®Rphitd 6n GBI LRS- [ 0129]
Every time an update is nade a new configuration file
and/-defire anéwet@p aphpahy USQTt ahdiRF f6@td S gener at ed and
transferred to the on-site conputer in the above
[0#e0icr i bedasmilyon THei Bipny cei tletigam&it PtaBage A INtvilf ®E the source from
W&g@%} éatlon of the on-site conputer. The
con 1%% %ti on can be nade directly between the service
pr o EMIacuafigiveti@nfile kd eitdiedtioallyedet upld1Pashébitd dfdhe data logger in the
confongite abrputertyibed s girigon eivePyd Ng el enment s;
-sel ecting equi pment to nonitor -selecting conputer
t y pearf BMIdainfigaratipn ik td abmaiedlBtet @ lle LRMh@oLservice via the
si gnattgacartd byaticdo®edl &US gbefatéd”y data | ogger in the
on-site conputer
-an XML configuration file to automatically set up the local monitor content by the
content server 78

-automatic configuration and set up of database tables in the cubes 84

automatic configuration of the logstream handler 80
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-sel ect and configure calculations, filters and
| oggi ng frequency for the data logger in the on-site

W@ op088s13 - sel ect and configure comuni cati on POIUS2004/034016
-edit corporate know edge to be applied on the centra

er -define and s up conpany, plant and user
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AP B SSONEMAT b ARSI By BHC el s o
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9$E&M§mﬁ?&§%ﬁg ce@gerviev\/of the on-site conputer 64.
e co

ntigurationfile etc. is received through a
[0184Mor k i Theendaarem&f) daanfbn NG efer Rehplldr 64 @ redélved through the

' t./ ' 02 a jnal storage in_ a
IR ARS: B0 ErPR2, I T 3 BLSES! B a0
logsttcamUipadietgiria confipuadd tb k& ddt@tfﬂ)hﬁﬂal@ irﬁagfand»’cﬂﬁﬁé’ 0 iﬂl rbgular intervals.
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wiRednable itdi@pdraty klofage Idthe infe@subkteRr fidt s A8Y. TRY 8o of the logstream
itori of the equipment will be explained. In
ngelar 89 BHI Srrplned iemeRice g heli. i n HG 12, FIG 13 also
[0$85]Ws an A0EdRHNEE GHLHMsRANG t@%éa@&%&@ﬁit HAHBHE 8%33 gl%o stored

.well as an P (file transfer protoco server an
in {a¢ RBKISrAgees T é‘é’é PgB05¢ of thif] is,TEr_étlymfas backne and, de¢ondlyy Gnenable
addiRnAPr&det En LG ML LY 184 sftag% i E%%%dg B gj%%%gﬁgrg?rg evaluation

network interface 93 by server :
calgylatipps arpdevielppedind queue 90. The | ogstream handl er 80

isgiconf i t. e und, queue at . .
oV 08 e A2 IR SISy RIRALAUSUE 8. Ao
Cah‘ﬂ?a&% o€ cerfaim nyedatsd valhet (stiesanpls qirtese it dei plesamted below).

R TR T NGRS

84. The distinction between measurement data and calculated data is somewhat arbitrary,

because calculations can occur at the equipment or at more central processors. Measurement
data comes from the on-site (equipment) computer and is denominated raw, but it may be the
result of calculations, filtering or other processing that occurs at the on-site computer. Such
processing may also be done by intelligent sensors or controllers. Calculated data is what
results after the measurement data are received and the particular algorithms are applied that
produce from measurement data the desired calculated data useful in determining how

component wear has progressed.
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handl er 80 will be explained in nore detail below [01

35] A copy of the data transmtted to the nmeasurenent
walad0aloa®e3 82 is al so stored in the bul k storageCBBS2008€34016

purpose of this is, firstly, for backup and, secondly,

nabl e addi ti onal processing of data at a later
[‘ss‘t%ZEe i f eﬂ% eﬁ@?ﬂ%’&% Biond pilythe gnalpiissh peréarmanest mepitor 87 get
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péS@filn@xasmtoe B6ak & RAEE WA blesdf sRES %Hatlgsg% gtf }’Y)ersga or persons

After this sel ected measurenent data an cul-at
meatering fhe qeMipsiegh ephilen thenalytipd smekitoa fdspre@ts Tioee sophisticated

aﬂilﬁ%é Bﬁfrb&&nb Sﬁa\lﬁeﬁ TR S il s&allhgy g{gre?QtMOagnec%}erator who
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e S b A B B s M TR dn incrtace
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occ 1 - S] uter. .Such processin .
O so oS BubRE oF Mk R A 4T 405, R SFTRR Rrerring o
FKpni4: ovhier shovCaklbamaticaly thet zasicselehaits ned wotnpomdtsess tHe€on-site
c rement data are received and the particul ar
algorithnms are applied that produce from neasurenent
[0da%la t he Thesignalsl froml sendotst TAFIRAQ) A6 €bdpled tb tidahRIBuPLNGterface

0 nent ar . has.progr ed. 27[0137] The )
o e TR e iy 1 BB Hatieh 5 4G5t PERRTRRT Gifingiered in o
tempbiatyoktofhge POt afttatBalpidl 04 Yiof MY tHREyIRASUHERIEBN Wwith the Ispecified
y

dat abase 82 (for tabular lists and reports) and part
TEBIERE Yebes dat abase 84 (for trend anal yses,

[0h4GIt OF | C AOUREM @WHIEH - dets thERRUERRSIR: Knpbly storage. The logger
gﬁaf émance nonitor 86 Is to nmake and present si rgrpl e
magras § Bansfezs thege ol Waan aecessdiublon?9 teomiranster pigragh 600. To perform

thRQHBIBNthe 184} Bo8{1E 98 AR BEEA ﬁ;?daté&%fr% e &Kﬁ@ﬁeﬁﬁﬁ %u?geér 604 on

nore sophi sticated anal yses or freeform analyses.
hagy iy (handlp, dhsy difterenhpigses 9f edgtan tfeein tthe Aansdprestatage 6ABahe data is
trASRHR 19 aRKForR WhiSlacd §B1 3L i [ -
“sophi st | cat ed ragnafl ygeg)@rlrgl;a %éF£r eé’cl%‘ﬁ?&égﬁt%%égg‘é% by the aid of a
tff%mgr handiasG0R g Thie datads seltseqpientlydeceisédoatsthe hetwiosk mitesface 93 at the

eeaceiMallgid 9syse one interface only for both sinple
Seandcpzop |s(ﬁ(%:g%)gd anal yses. [0138] The acquiring of

[014d neas i!fraecmetn@ nkaswemet frecaived i_u@4em¢ﬂsad> h@hhlﬂ_&ﬁelﬂ i tiffgrent way,
thi %&f% 1 (?My ow, schematical |y the basi, .
e? ent S é%ﬁ célﬁgcgﬁeﬁvﬁls FPAS & ﬁ-s ‘%/tttg 32953,1%5@1{1@} thg gonfiguration
hap@ie3604 Ththe svaynddssritfed o wee Tao confTdiribh Gandle@60d WOUMLLII the
he 1 t/out put jnterface 94. Eacg of the sensors i
gy bt ot e b8 s ibeat e 480 At it sever 73 will
reci e thél mesufenieRip@irdiob isat@q@ed Thalub@te 8| foPs@fcel bOto log a
ke the val ue consi s}lent MWth the specifled -
ceﬂglgw@}@mnt 3h }o(ngﬁr_ or shorter intervals. Since the configuration file is stored on-
site, the system is not dependent on being online for the measurements to be handled in the
desired way.
[0142] A local log storage 605 also exists. This enables local storage of data in the
event of a break in the link between the on-site computer 64 and the server 73. In some cases

it may prove difficult to obtain an online connection between the on-site computer 64 and the
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[0140] A logger nodule 98 gets the data fromthe
tenporary storage. The | ogger nodule 98 transfers
W0 b@so3sdat a via an access buffer 99 to a transPEr/US2004/034016
storage 600. To performthis correctly, the | ogger
rmdu} 2*6 as bﬁ a}aupdat ed fromthe configuration
SHXF> % U1 Mofh'e SHabfafreanstered drgfaslyefit? ragededium, eg., a

réhadvable Eﬁ@ﬂiﬁrjr et barabes ERhe st PioABe cERNitdrNga HAUSB bc?rt &USB memory).
ransm ttegd to a network interface 601 via an

?15&9{%%8&?% {0 gAY P bsohinggd tonibe setice proyider bhgtderrary mail or other
phandl @1ive93. This data is subsequently received at the

network interface 93 at the service provider (FIG
[°ﬂ§)°’1 [01 He qsits computer $4nadses eqrentisest an erast vedulgt 60§that detects

mRERASiohPinBe Hx@ﬁqfe%ni é?;lufbn%t {s%ﬂs@fgt seﬁ@%’mh&? Q:gpinh (f‘l%%ﬁements

configuration fil be updated an storag
that ete qupef &@ﬁforrg@lrrmgemf thex pgiiigmens (Phesenetents aaglso transferred to the

trgﬁs%} 6@@9&/@1%3;}1@ ﬂx;eosgweg% ation handl er 604 will

hen teI | ogger nodul'e 98 how to handl e the
[Q?éé]s ure rreThe ha@(ﬂmg lofdataint the sertiee prpddéresetvhe’ BS\eﬂI\bEerexﬁlamed farther

re}ﬁqrhh% {d ' Y§ ’Ithg ??&Tﬁﬁg Hiaf (LG ¥he i fO?l{rl ql%elgg B%?Pi[gr ‘lf % 1§]represented by

ance,
rQﬁgamqnmnémt 6%1 The ﬂtgettream halder 8erFIGt18y wéll parssStheaaw tdag 620, as
tored ons

f tion file i s not. .
o dE R s SO T it PR R e b pinaividua
véggasdhelddatmstteha ke s i @tingyVehy . cofr&:l‘i@éntlﬁcdtl@ﬁ% tHeQ)f&lugE 0K @@ Qhis the

5 al,so.ex Th a ocal . storage o ata in
o B BRE AT i S YR SR e BUTBhEr G dn order t
redGEDtht @inotdr 6Mehid At SRS 16ee tfahsfehiBd FRNE tHeahSte| domdpBér 64 to the
EtEr ove difficult to obtain_an online connecti on bétween

i 7 O8-SEBIFITPRET &4 Wilnetheend ggdiey df a7measuppd; yalde remains
uch8fetl |'7€Bg dﬂtth"k tHP—MnQ%? i Hddoes R tee@ledr e it rﬁeasurgrélent of the

stora a removabl e menory that can
logd, ?ﬂ%é’g‘ éf&l 'Pf‘oseph éTfé% FsLRcestTegied vath 9gBicp 8ref cqupssRIeatigible Phanges in
sighlfts BHRIBLGHEEL hBhARBYd. )e\A?@r s ARG D afuls fv eiss%ﬁtvﬁn(ﬁ? the load

provi der by ordinary nail or other physica
weighdngesee.gnwhen te deadparches e daillstpor dmpsRe $l®s“rmnS1®/eaiues” are

flf@fjh'll So @06 tﬂehﬁhxed\%h%cﬂs ? Sﬂ@ﬁeﬁ Yp 9etghﬁp “[:‘ntérOalE EP& the tm%e th? load was

measurement equi p S, 7senso
coagigntrbhis uadupas rﬁlwtnearatof dateamsiitencf the wqummdwmmbstmﬁlany

ol gy equi e ransferred o
[ h@ tr ans er tﬂélts -o[l%agr%p %%‘8%8 h%ﬂsg‘LéI%% b & 3 ° I\)/rg?essfg 83, which
cl@atespalueh baShdi pual thie mgeasnfrecdwlms; dendthé bg eaf&rem:e nfober 6281 Examples

be . ex d further referrin
o1t Blea VALK i 2% bR E ot i B e s e the
stdr3ge ovahep meﬁrenﬁ@dnhylerrtelhﬁbﬁe B¢ afdl @ pob3foceddiMz method into the
I]%%Ic.tream E‘&?dl er 80 éFI G 13) will parse the raw data
S mEUS IR B OURaYRR GiheSer ence nunber 621. The parsing
[op4s]t i cul ahbypostprobesest s emali 1% Mentif ot At 1thid Udlues, denoted by
}1 al ues }ng a datr$ stream and_assi gni ng the correct
Te{eHRNE MRk $76n The ophal Jimt wdues apaye fori expmplen be [e¥gsst faadnexcess
rub@Ag | Rars8 Qui lof |r§ngler2‘predsﬂll3§ rdrtt@ﬁtperﬂt%}e'éeém denat %%n!ﬂyproblems or

r ef erence numnb I n order
excessive consumption of useful life of a component After the post processing the measures,

values and identification are entered into a database consisting of a number of
multidimensional “cubes.” Multidimensional cubes have gained increased popularity as a

means for storing large amount of data that has to be readily accessible. The
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reduce the anount of data that has to be transferred
fromthe on-site conputer 64 to the server 73, the

weeeosiosssizonputer 64 will not send values if aPEBESINEW4016
val ue remai ns unchanged, e.g., if the top-drive 63 is

Ih%} %§ nﬁL %e val ue of the first neasurenent of

T & %UE?ﬁcaw P feepés Bwhidimenpional reatiixas dn which sacliparameter is

livved b]loﬁg bné diatenditrg ton€ AERSiof & elaﬂi Mrﬁg&%}a%ﬁ? %Va'yrbf stonng the data
ged. er

0 be classified as unchan
P’f"u%g ‘? © JBPBING [qusElysdisplay, tables quegnadﬁdshn@ﬁnwhe felatlonshlp
beNBEGA of theGaramthiey) e&elﬂef h@@ﬁoﬁrﬁ%@ﬁ‘zﬁ%sh@& 1t I T1oor.

I n_622 the "m ssing val ues" are so that the
[MARe val Jérts @ thepalidimengipnal eglms Aps Somteanaiméheractsristidse

ti me i ud 9 pR-al l%ga@awt%to@ @@r& o etd&ﬁessgnﬁ%gmv%ﬁs or

dat aotﬁé}dnﬁ%]ﬁi@lh da“[aelqlﬂhﬁ

[0145] After this the pre rred to
t he jaesdatait 06 Elot?g?prec‘ﬁ?ﬂn&ha)&g 'td:éhla EG=d éiﬁﬁ Ragads (e.g.,
on t\ew aRaub §nm ENQUBE F;g e nunber

623. Exanpl es of ca culated va ues MA e given

bel owihe da@ak bREmikét foP@aRBOABRRER ccdRMALATSinAEE g)r uipment
the storage of values in the neasurenent data Ase and

[ou#eli r podh aﬂdlﬁﬁlﬁﬁﬁé R@IERHERDNAING®ed BRible storage of all data collected
[0146] The post

0 i nformati on cubes.
OSF h]@écg]g hf"gﬁ f?ngg%\P‘é‘Bbqr QESAYRTEN WRitSof | it val ues,
[oda]ot ed s o reiuﬁ[ ﬁhﬁ@alﬂéﬁ'ﬂ)ﬁw Rasfof cBH&l@éﬂngQi‘fetidlen&atta as a platform
exanp be excess | oad, "excess

fOF ﬁ?fﬁi”ﬁ@l lﬁ%ﬁif‘%auoﬁ ghd S%ta F%@%topbee@é backsinigrthe 6ot} oI TaQAEBE, Service

prééedures WWifoeiatfinGiBakt HBHQRE $Bn RhinfRGES $ia E@xe‘éel@&’ WRLLOR the same
of useful |ife of a conponent. After the post
dafpbates and Gogrelated indimeur es, val ues and |dent|f|cat|on ar e

[ogsdier ed TRt inﬁtlﬂ%ﬁst?@ﬁ? cﬁQe@s r§t gls né r@cu l%gl% t]'l?lé ¢ separate

mul ti di mensi onal "cubes. |ona
cubes- ey firgle ﬂé%i%féldbip@f@'ﬁmel myntas 6&5 rm)ataslealﬂr msztsoremegts including
bR LY e 2L S .
accessi bl g%d g&mgg&rrﬁ i ?reﬁs(lie‘gg%? %}E uager gncg Rmper 628 gpntains the
caleylagnd| parenetens sriderd | to rthﬂ hfemrs sumeﬂhmm likache padavsgiesd running
' ' n . 8i.on e n for ch
holi, br3hSftofh 1 GGG SERE b RmBle The P 560 it € RE eronce
nugpeo 621 epntying theqpui ofkdingit dicaphray Iftthdrk ﬁSveaﬁen 86 affusrences of out of

g rel atjionshi p between any of the
lnﬁpQ%hgt%%gmbemeﬂm#f the anmount of data is very |arge.

[01511 47] D¢ andnitofifge ofmyhet egliipBas i winahow Lbeeé(pmfedslﬁni%ore detail,
character.istics: éhe data is pre-aggregated

reogggﬁ%eﬁ1 %5%PPBWWﬁﬁ@8 FherSear ches and retrlevals or

[omatpervm SBIC. 0 6fsa6wd b kadleLoftasisal ﬁkﬂ%&sbﬁbﬂeq{?é
neug netvvorkss -t he dat aﬁlgls arp?rangéd al on a%éyg]gj %%eél fora

Piceg QE CqUPTRSHLN Bissigmelefnid Brme. 95 welhes te (néasgremem @igs applicable
foxdéa‘éh paReted NTIRS 216 RRSY P driloBS pi@VeiFes dﬂe&%%ﬁ@s 65 wn%% hours,

he data is optim zed for searches atross larg
ﬁqﬂﬁﬂ%ﬁo%ﬁm§Wﬁk &fc-type of equipnent [0148] In
[Oﬂfiﬁi' ti onprc.hey Rdwd 6 W%hg&fatﬂrf @Fﬁﬁ? c%ﬂ&?xlt tl??z{tor agueseé) fin the

data col |l ected over t et nme or
calgulaiens off a&jfl@ﬁ nppameteristand in the lower part a table of typlcal calculated

parameters for a mud pump. The first column shows the constant or parameter text, the

second column shows the constant or parameter name in the computer system, the third
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[0149] As a result, this enables a new way of
consolidating lifetine data as a platformfor

weegsosssadl | nvestigati on and data mning to beP¢PUSHaCh34016
into t he design process or service procedures.
nformatign about .how and when mai nt enance was

coRB Pt 1§ GRoPEER A & remar 2546 ogRlcolumn shows for the

V06 51_edhabmtam drittieforrinlld 8QH tJ Bcuatt tHeGarRiber R dhe @ppbleﬁght hand
are h art| c l.ar exanpl e three separate cubeées.

T Fit biie daf Ipj{jonseolesamircel Mgntisiable H.c.. CBFEUPH Parameters

re@bive RIS H@ﬁEﬁHa&rerhéiﬁ kelpelis P&k tf@@atlcu@a{tecf Wir pathimkAL ed
(gar aneters. The second, denoted by reference nunber

581 cont 470k e TeoP dmperiank calelat mepspasahetpre 4pr eestaithiypes of
(#]dl[glﬁéﬂt ﬁ@th@ WEHRI AN R Weldhfed riithin CRArIG) tl? ﬁstédfJ Qtr{hé] gottom of

ours, fo rmmtorlg? t he operation of 't
Ffﬁ}é7tTﬁ1H§°é]GB’étedé%C@ 1ggitolshe ﬁo@@\@mgm@uhunber 627

[RA8Bf ai ns the quhmg,_f*\jv*dg}tgf/%sures I f there have been

no ‘occurrences of out imt values, this cube is
[0dpk y. [ oW1 dettad/3A8his t@tlm@ncécmM1muhqalmrh¢ggvﬂgl df accmwulated

i | f I f
1038 IR i oo fE3h Bec hvon o B 2 T o e o
[T cal par an®tierdoaldadie aneading &;dhaftﬂilobvﬁgqa&uﬂa)r a

kgce of equi n |nth,$>§§ | e punp, as
[%ﬁlc as the n@iypugrhgc é g?ﬂ r%eq‘)or each
[QJ&Q]amst er. Tha/hbmbbeilgchowsthvaéur@us dmmgw p&Ssure from the pump

er at ur unni ng hours, cod
b RE Bt at P 4D o iy Eicngloe 517.1 bas
S m.mp same cOosns tpainp Spéddaindas._eatetd 8da béhstahﬁd&ﬂhﬁgl kAdd PidSp speed,
neters and in the |ower part a table

Wg‘Fhf‘ tﬁ%‘cﬁuec ZCSJPE?Sé’B“BHWEﬁTeterS for a nud punp. The

[0f60]st COlrusm bReMECchtat RRIhEMIuDSerd 8F SR h&brdif o thd Afflowing
second col um shows the constant or paraneter name in

foffﬁlélaconputer system the third 30col um shows the unit

[ofieT] t he const gk _QimPRel2retaEd.dng the fourth col um
shows for the value of the consfants or the fornul a

03624 to cal cuMhere S hempisrthamar spegchande ratgshis ﬁherrafgﬁlpump speed,
h f
as %9‘91 SHAVE. edfoﬂséqu@mfl}r ane rré‘lgjgai gig%élg‘rglfg rpgin@r gﬁéd B e& tﬁ? h 9% of 212

e variab e., recelve
Stmkw mrramﬁ@asime fethe curreptpunf peed is equiiooulgentedhae ﬂns

anmet er f tan
i T TN T e —
[08€Ali prrentAll ghet héelacdqulutbdltfmors I anadxlmeca@dtﬂa&di r basad r@ measured

i.st.ed. at th bottomof FIG 17. This
P3 %{%%F wongta%its egglre ﬁtBe 6V‘:1r " follow ng fornul a:

[0[1615I]55] T FiG wHef shodvd @l titde tdndhfifg [H31DGEs Mh&ﬂﬁe crltlcal parameters used

dIt-t/'fng}OisH:hh.ti I n_seconds_sin %)h as

ot e g oF Ao P Sro GG HRER QFR B AR 10 o IR g second
co&ﬁmo ﬁdﬁvsdhé/ psledetoy hﬁx&(iﬁﬁhdsthQ @ird&kimn Emmw %glc%l Sperator to be

&)adfator accor gtothefollovvlnngornul

used and the fourth column s ow the limit value. If any of these parameters fall outside the
limit set, an out of limit value will be entered into the out of limit cube 627.

[0166] For certain types of equipment it is of vital significance to have 2-dimensional
limit values. This is the case with, e.g., a crane. The crane may have different lifting capacity
depending on the angular position of the boom in both the horizontal and the vertical plane.

In this case the performance limits will be different depending on the boom position. The
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[0158] (2*p_disch/p_rated) e (2*S_punp/ S _rated),
[0159] where p_disch is the current discharge pressure

wo e@s0sdse3 punp nmeasured, pjrated i s a constant PAENS10041034016
rated pressure, which has the value 517.1 bar, S punp

cﬂag% I&Qf hzﬁ}ér atef%{ dlle)lH apéﬂg Zy (8/69 A dqu?ﬁmr %taigld {nlﬁé zglgtglz)?@e In another
setar ik éas hplezontail planea it rb@]be@%hlﬂhtetliio Bsethd\@hne dndEwk et thook (for

e ze or cording to the follow ng
tr?‘bsstr%[}z o ﬁ& af]“a ‘?f lpag. Eﬂﬁwlﬁé‘gf@w@%ﬂ@ﬁ sectpr mpy [atspglopend on the
bodne ﬁﬁglé’:‘ (Emm&qubﬁtlyt tethp BB pREEHindN 8l serdrabigfar @xcEQeload an out of

as_ given above. Consequently, r i$

h‘z‘étreaefitfca‘{‘rﬁ%agtﬁfrt?"e?ﬁse%%ﬂwgp%@ans@al gl valnen Tée/@mratgqmay get a

mtsh@KRBink @im MoWUb Set@ilwitl}€ ohd of! tﬁ@ lifits Rk Y %seﬁp\%ﬂg is within
is equal to or greater than thi [01 63] T hrw

hig P@W% (P It5RE (tRSGRRSERLIQR CRAFLIFeRs% §-2 oasanw»sﬂ et efdher aisns rhg boom o a
stBepdf Sngld, Bd @bl pAts! thltohgi ik R&%or Gk Ifztlg sqz)zﬁfj of @19{ P fssnro‘rflbgsmble to pass

al'so cal cul ated based on neasured paraneters
thisskelPlant s specified at the server 73. [0165] FIG 18

036 a t@bl critical
: paﬂ\gsnet ers bu2 gd égleg%&fg F%&ﬂ)g%%{% { Ml@f (t&?n &%fmﬁ%&ed ig the'system as a
2-dnaysiona fiahlgs sedheas IPEﬁrﬂﬁmzvélCh fisomonvemgent torstdre irt Ihﬂeltldm[&mﬁdnal cubes.

F&%'oﬁ'lg@ lﬁﬁlﬂ% nii(ﬂfg tlfﬁf’i1 ﬁm%n%fonL hlmh‘i b ”‘3 ’to E‘le&gngéh cgs8ien ﬁlévelope for

colum-s 0gl Ca
safeeraphroptiate aper stmnwﬂ“ hing ¢hel 3- alltrtensr@iahpx:rfolrfhar&ﬁ Yintits chigsSéxtended to

N%P%%%grqseﬁ%ﬁhincgﬁﬁlﬁ' de the imt set, an out of limt

e entered into the out of limt cube 627.
[ones8i6 6] F@KGc@rsﬂlawm asytpaspriv camaihipgeidbld With ﬁleﬁbfuréirieh@'made ona

oAb S0 LT ST S T e o
paﬂarﬂa‘tﬁs ﬁrehsulredt bvhthg lmdpasstriptiol @ e61Hé BOthe ParkiBteAN Y &ﬁ‘responds to

f the h the horizontal and t
sols s in ER P TR bk AR A6 0 9DF acthe mumber
ofwhdaburifterfié fak@r fonéacH epeeghiage@n. t he boom position. The

iégrrane have a high |ifting capacity over a
[0%&H; ai n 78rs PYIS & AECHIdIING Bvit BYighd pansar atjar3Ehas t6RegS or at server

7%ﬁiaﬁﬁng DcHaRQh SVl %M&JJ 2052@1%311 a hfud gﬁ%ﬁ{) b@ltlp{hg tﬂow p{l&%d against

use the crane onl for
tmfbfh I35 tigie sppn BOO4 ig ﬁhthFSeqasq @a@nrst ?ﬁ éaySom thonti. tAs ua etnuent from the

cDEfb Bhs BERY riHni @g&g&@a@g £4ge POOM angl e.

nsequently, if the es into a sector with an
[0893 ess | BKd, 2hshowt aofcrden npltnt emenahm@aa dhert debbeirigethe discharge

e S AR P LB R i

prespure has beami digided ante differens ehasses] aad’l ueverlﬁg o splik Bf B0 34Pa. This is

I T I
eaetngjvel;mgwie spfany)f PaARPM, land p@hed lilen;,ﬁﬁé ik 629 .tThetvBitRall RAK30 show

or t .S si bl ass this sector.
th huthoke of runnmg Hours w1t?nn eacg press re class and revolution speed class. As is

evident from the graph the pump has been running for many hours with a moderate pressure
and high speed, as denoted by reference number 631. As shown by bars 632 and 633, the
pump has also been running for some time with high pressure at a moderate speed. However,

for very little time has the pump been running with low speed and high pressure.
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[0167] The 2-dinensional performance limts can be
inpl emented in the systemas a 2-di nensi onal table,

we k03131 G 26, which is convenient to storePCTUS2004/034016
mul tidi nensi onal cubes. For some equi pmant nore than

- 'rrens' ns. m.gh €. use o.d ne.th
G7TL ope o ts tesPrigh Fid AP sptdifieodd Fof & Bty of pugmos, s
pdssthleTRNsbknal apeideoniate bﬂoﬂlet& manyﬂeeofepahmdemt 17)2 shows an
N-di mepnsi onal performance [imts, [016

expnpls gbA t&l?%tpeﬁfaﬁ%a&% Fhgt 50T @aBRG PUPHS gggu g,flésﬁqﬂgltlon of the

pﬁ&ﬁg QtiRFhtidn. MR ARt sHAW, tHe &ﬁJ pC(@f Hﬁ[’ﬂ 21f %rlﬂﬁﬁhttyhﬁ pumps has
year, the second col umm 1904 shows t par anmet er s

bermamopitaied) vif 2ppdad0% ot they e rat quéﬁteowe%salf?eafts‘f pynpps rate. With the

u@l@{aﬁ&?bﬁﬁﬁ e(stahia&s %Qq% R@s\%ﬁm@?ﬁdﬁt SREE it @oﬁlgcfﬂehé in the pump.
shown 1Tn FIG ird and fourth colums 1

ngewomn@len@rm@r t‘é)ﬁ SresHey Akt it Bigh pResHITe RVIRRRRNL fand ﬁeme wear

e a}HEﬁlgﬁ Sspee[cp %ﬁ%}onﬁleﬁts ?(()-)chérh O¥apchents ' £€ NmBel Qﬁscé’}ﬁlble to high
m ght appear at a 68 or at server

teprnstaqirg apd others gain amwe ﬁgswm@lef lodugtpoEss. ﬁycﬂ’fﬁlaatmzonot only the

nHM[F% hé)g%ﬁt LIQ&taHn hiB laQJoﬁlﬁtd[Ré?'gc?ll RI%LS %1% 'gg%{}sa’g fhtd% H&%n running in,

|S|nt|scaset rst .
1trmmsh1bleAe preQICEMD@encuratpkymheteen thediftspart dfghperitisabeamporents one is
nni a cgpt f.0 e 0170 o]
a{ g ecft‘ t1rrke Fglta%ctglﬁ({éaﬁlg l%ad ntnayotﬁ: at’FllfJn S1E§t8 Véc%dglh&oe&gﬁ, §E.,\f§r a pump
tldal mmﬁﬁg lj}:&usus asdtiplied ﬁy ﬂteranvémga fbow the pamprhas @hnpre@;rﬁ&pi&@d example

SRRl A0 RS SRR L PSP R e

efceSPain @frtainQinhBahe [MhitSe. § g Sbgihgbdsedlomh &ﬁ’ng)etalnﬁ'e abive vﬁﬁéh a seahng
The, rotati on@ peed h al so. been g vi.ded %1( b
e bFoRicepiibls 43 damagee (g RoBIPITRGOR OF (R peEhies pastetggsgmay be

cRt@ht@th @b oyreent BEthasieSer® A¥entiDAEWHEH the Cetld vaoidtte OtParidi@Wxceeds
t he. nunber ~of running hours wthin each pr essure

cl ass
- agpldinpibg &amlvaalﬁassbfe%eag for thg @peray, jnforgyniedumiot fﬂr%fﬁ?ttthaé a component
iOhpRbhching tRUSR &8s 1%%Earr Wférﬁﬂy,f @E WHRRNg ROWAS oW Wil Before the
noder at e pressure and hi gh speed, as denoted by,
cxperisd clife espaR I8 rcoBB 110 AR caRoh sy theip o eutficiny tisms for planning
n‘iaﬁﬁerﬁifégjoflﬂ?eseqﬁ np%[hdfr%'}@fnﬁ&e];l&repl%&%n{ ime with high
pressure at erate s However, for very little
[@172k has Tmhedfbtmp toedhe manmgnioiming| 8w opereldr apld i gacoming

npa'ilﬁ?lﬁgge it 1§ %{SQ :k%a]slbleB% sléﬁﬂl & Jﬂhilacfmt £ %Hﬂn%gﬁ%r t@Q%Se@A 2 Qritical limit,

I nc data froma plurality of ,
ipliesing Itfmt ok anayno@we plagy tuner,lqrztmtltm eqrighétt dapto bheun at a

re@(l@?d operfopnliI e 1Et 1%?1%%1&&01%’2% bk r{%ﬁgfﬁﬁ de of a typical

rence  chart ow ng the -
[Qﬂ?@] ribut lenwa:ﬁmg led the ajarmoiis dentzcmt via rthe Magmm Haathase 81 and the

t if.a ura it f
TR, 3 5P TR R0 A s R 7. 1
atgiel e, at @nﬂfe&ﬁe&h&ged ang oy ediaah eheﬁMﬁtblﬁohe Thik Ichrz bé &-@mil, SMS,

profile Sis it is OSSIb e we
RBF Lol VIE BpERci e SRETase SO Ceilaso o clon
mPag@n@hedk@m. extent in high pressure environments and
sonme wear_nore in high s eed enV|ronnents

Q he
[%Uﬁi)onent Whep @aw@qm@n@d@e nsrtarmpesl, egﬁrameters forrrmng the basis for

the warning or the alarm are set to an 1mt1al value, so that the monitoring of the life span can

start from fresh again.
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tenperature and others again are nore susceptible to

hi gh stress. By evaluating not only the running hours
wheaosab®se3 t aki ng i nto account the conditions tPET/US2004/034016

equi pnent has been running in, it is possible to

I ct re accur er where in the Ilfespan of the
[(ﬂ?gfl caI 8(}18???@ Colteperiorm trend apalyses basefl jomeexperignce data. The

exp’eﬁélaﬁ&lata i@faerehﬁ)taﬁf B dIRivE %Kﬁ?slé BE Rulffes %Wha&SQ JEEQ& in similar

the runnin ours iI's nul
e‘i‘ﬂ&"‘%ﬂ? 8%(6’8515 1ulg\% & r?ece&awdveme hae [f3ilgé aecbreSIAWd tuhe major breakdown
alﬂ(@mb@ Al dathakRen &He@%ﬁrt@&f thd @Tﬁrﬁﬁuﬁllt of 6tH§r p& q}]npment the

erat ure at a certaln | ace
C‘&%‘E@% Prsfenh aictis time heforathe falhlrﬁemﬂy 23] :malyeefg It is kdmnrpgssxble to see if

a3esits QR calclfBP %lé’ésq{aee BhR nmlc n%\gﬁ él?ﬁ@ni ? n}‘g%egore He failure.

I'S susceptible to damage.
Thicliggnspan yomedniaiey befpryihg éallual 15: Girsh iredstigatet] thet Ehy sinenspah within

hdREorVES 8% of WYEILLBR thé/*]aﬁﬂretﬁﬁ als9 %Q ta\ﬁ@n %Po acBoung ent to

par anet er exceeds a se
[O1R® oper dheresultfirg tirinraypnipared ofitht Ihsmltk dmtn dithﬁt sirtilar failures to find

ot HhGE rrfeﬁur%m? & &%Bh gegcwgpn alle T a&%{ist \7\%}%{ (l)tlﬁée %flﬁref ‘he

Prefera warning 1s sen
[08%Hect ed If thfl&ecglphlnom at porometetsds dikelg N6l be $onreb@l v¢1lhem€ failure, a

plbéedﬁféfrt’l!ﬁf b€ H{lnpcl%rhgﬁedf A'n n%%ﬂ@h(?rgﬁp ?lg ﬁg%?npf it7l§tjsecl| PR sensor
readjdg t(tlho ronsgie tohmpwar isi g mw_‘tﬂ@‘dﬁh nPe phrReRPBIitathO Nes8énsABarned are

nt enan i-s also feasible to send out
imft RS R R o1 e Sl ey s the il depending on
hdwgliicidy Itmgaihhatnafy?l ob@ir) ¢Hl@IARhOEEH atiBh b&R¥erd !hmébo@:rfactors If a
t thee t has to be run at a reduced

COBE POPHERC atdgilmﬁarﬁa ihetconditiens that svepcrrpsepleat thertiveechefore failure in
thé Qﬂﬂﬁhs ddvarrdmes) tROcoatplck iy 1o B daRipRfenf oroiff}léﬁ/e' szlowg »perform a

enent dat abase and t he content ‘server

COBEO Shiffloya of thegxsierp thapthe pwap isvarartaft er f aces' 66, 68,
[O%A and 84np ekﬁ}n]tﬁg df Fhﬁsqg shdvin 1ﬁﬁG bgy HRS %Pa%ﬁ ‘ijhoqx\/ i plg{'}é the torque

ia to clien i nterfaces. IS can
of §Bey 6y maire A wady Bt iyanipg thes pymye for 2 pemsly@fttem oarJamiaspzl 2004

sta?ﬁﬂgdattdiQ)[O' At @ﬁ @%\%'f&iﬂ]rg b h'e %ILIJT% oc?o1 r?edb léeerret%sgpf %)P&é 8utriater was

system en mal n
that ﬁéveprargawéd@hsfaﬂcrk miniy evhientfeomi thefeouph the tcm@remfm)gth(lhotor A and

B ;nitial val so t hat

R POPMAC Rl b PBulsCheBind PR 138 oo o e it
Wheyathe faltnge[ &t75¢d this Had datrmnmﬂ)smshiuendeﬁi tPE feQiiiPinbitedtnected to

don ex rlec ta. The experjence data
oG35 RASEE g R LRS Bl b1 61 HER b e
pumasraow thigherd v1smsgy msf ltteer puepst] mm}wrrélert S Wad lynu bdvithm the normal
cer ain beari ai.l e resulted in a
ran%agthat ARTE WY °Hin ?%@gs&aﬁ?}w%‘% aﬂ‘gﬁl%f‘g BYmp W3t pde to receive.
Acpendtrg t@thetrh@lz&&bﬁt FRTRIE meAsufdinlets, 2 REBE1R CCH WRITRIMNot occur, at
d|t ons resent at the tine before the failure

leaﬁ%ﬂf’t ’ét éh‘%W%% e tp preyent theegitisd dailust. e to see if any
[01\78] ues OThi§ a*a%ﬂlﬁﬂl%d/s \oaé Hl%ﬁlfeﬁﬁiﬁ?y W&Q&Eﬁf&@@ tHd rgﬂﬁ&ggetween the

?ﬁ%thetlme before the failudre trme .span s
mcﬁ‘?aﬁ usend ke faifurermay be dk¢ly enguehtto implementomtiedk kfont a 81m11ar
contdigont 1nr@115581§9 oWeﬁlhbﬁent. The condition for such a situation to be considered
present may be that if the torque increases with a steep gradient, e.g. above 200 Nm/s, for

more than 20 seconds and there is no increase in input or viscosity or other factors that will
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hours or even days or weeks before the failure wll

al so be taken into account. [0176] The results are
w0 b@s/osssnpared with results from other siml arP€BUB200€634016

to find out if there is sonething in comon between

L1 ]g?e ‘g E sone f th%_fal ures. [0177] If thjs .
oty Gingfiense B P e WL eg pitar i etcemaater: RS dhe pump wil
pﬂﬁﬁh}d¢&ﬂﬁﬁﬁd§ﬂﬂﬁoWﬁ procedure nay be inplenented in

he conputer contrglling the Bunp t hat based on_ sensor

FP@QB. ng (fhEPLRS talluegRples b @dirgtedbyeopditiens; thatideyelop more

sIBWRE 858 withi atcblﬁﬂé eEmeREs! F&Hﬂﬁ%c@%%péri@ﬁéeerﬂ%nﬁﬁ)@ sh@Jvﬁ) that if a
t he control conputer) regular intervals (th

SE E%Sabeea SPRIFY ’“hg teHPCIREIE qlm\@ Il oprigip gralpgiof & periqgesf time, this will
ifREGL theCAUCH! REBSe tshsstaql%ﬁflmw&& hﬁé Y@ﬁa&etm @&%@lg until the
factors. If a condition occurs Is stmlar
PresTiaR 1S Ahpye tohedrtajge rdug rlé seqit a attuettn@e acryre threpeypeuter operating the
etﬁlﬂﬁ&&ft Quill e 18 & B%YétQ% teﬁt‘le{eﬁte%Ct Aa ﬂr@s%ur%quy;set{ot BR¥eded. At
Stop the equi pren it time allows, performa
tf@@hmf: @meéléf: agfstptor alhreceive & Irr@sggtsmécmmﬂga’nmtolﬁ thepimggions a
ks I

%:i gr apIE X hrgﬂ\%s d%‘ghﬁfé@%q 1?1{)1 rgtme a&an’?e@e?\‘\{]%i’ Hltpata&\n‘ce %o predict a
pwbtem, shetalgorthiB szﬂﬂhFl (Ag- BhposppmpesscmSSanpg cilodatefthe fateeof-change.

P?]rﬁ(j)}}eﬁ%{é%/e lﬁ n?agql%v 0%1:112 ﬁr%t} g%flmpﬁgl]fer fé) %nst gﬁAr w fglutﬁg rate of—change is
oW&ﬂensnm@sﬂb@mﬂmgebenmnﬁgtsuddenly falled. As is

pent fromt p e tor Jootor A and .
¥R s AR poukliEs R0 A8 5% MR, Bhse) oA Brevious
expehhncﬂ tharahencgs aflh efiticalidiluke Ednebel @ubktbiitRlly VWiRbed. MBese algorithms

consequences to

il.ur red this haqd detrinmental
C"P’h 18%}% ‘%‘ RAGAFFEEE t&?baset%n (iR Samg; W jas Ee daidigl get-up of the
oh-gitéittMi@yt d not be explained by any outside factors,
l.ike |ncreased puqf rate or hlgher vi scosity of the

[H&Abed f1knad. Weislied siming hewss san bp wied @5 @ bais Frriaigl estimated

lifeBRGol PRbarbhR ﬁgtlsol{eﬁcé"@fyﬁlcgl%ﬁjeﬁﬁangé Lflg! THéQfIﬁlp&m%@deusted as
the punp was able to recéive. According to the regul ar
b@a@ero@rndl brafder papasigReenisngainedaBy olreckig Hienfoad evgightedywmonigg hour
u o t
ABRE depu ph TRk PR RS rYBR SRR frlifle under similr
cayiiigns @m@operﬂtuoamwpogminypecmmetet\m proBose ohlering bﬁaﬂpmrparts etc.
en t
[(ﬁgkl\glsy en’%}%gth&?%tﬁlglsﬁp%e%gﬁrotﬁﬁ t%ﬁgc{}zﬁ?%{ f ﬁé#%b@an?&ed as tables
agoeckirtls wra databesel with ym@bfbﬁlsedqlmrpmaﬂiﬁmﬁ Ahantaroal grddugichfiopion can
b& ?ﬁp?{ﬁeg lté Hl% éﬁal(i)rpn’c(}:lr% gné);agls If:]egngérggl i crrgrgerené dly as %ew%m&wﬁedge about
tlm qupm@ﬁlﬁs glmm Hoo Bxaliq:ﬂﬂa dhtlaaMnfﬂ@ canrbonskd taiddntifyelam pagerns that

no.increase viscosity or other factors
. e SSHP TEeetich PR b b R e inel hmoonSH, Sty o ifferent
opmrﬂttinggmndlflﬁns(ﬁxp6@cmff%nﬁ@ﬁfpaﬁdn&g Ndueal PUfHdriM thdy be used to
ejgorn1a contigjled shut ,down. [0180] An upcom ng
Y SREPAVERS AP YSHia deigthi TRk le o eBendi t i ons t hat

[(ﬂSEP[ op NArRld&lodWoYthé Midddp tldhRorthel GeRd @nﬂ§51ﬁhﬁw5§$}ut of limit
For_ i nstance experience may have shown that if

surgeiflangey ikl parsile fo raenitog esqwmrnafem @nﬁﬂ‘%@é%shows a screen
d&Bp CahtRinUR! 418 ofethP SR Rfurd bB mddpuinpM Tk graph 634 shows the

running hours as such for each day in the year 2004 until 13" May, which is the date of the

screen dump. The graph 635 shows the load weighted running hours for the same period. It is
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increase the risk of |eakage substantially. However,

the | eakage will not occur until the pressure is above
w@2@s0sssiih val ue. |If such a situation occurs tPET/US2004/034016
conmput er operating the equipment will be told to

o%%@ atte t}e %?r rrent so that a pressure |limt is not
PRSI e A RE B SEAT8 ok e GP ARbpe MPPIOTSAIEBP (G dorminute.
THRSS@eniinh graph agphy fordbt 4heFRE. LYK h) indi@hil), thé pith®has been
at.e- of - c atgge for aatenperature paramater i s of
S‘}aﬁfaiB% fiflc PYPBad: begn sprmpngs @ steple wonlioshorh indisating the usage
pér@erlage ofithepRfHp-REQS 858.08ucB DdipBY cQ@f)é:ﬁBd%{eﬁ c&rﬁﬁmously in real time.
r at e- of - change. The performance may have an

[W8B}y defthsi srabodieent ioffhe invantiom éeﬁcrlbﬁcbmr@neec@ﬁn shtarkes. 11 et
séqsnﬁy'bﬁivﬂié onk 8r MBfeBRheFORLALS BihefRQVI ronment . [0182] By
rrg enenting algorithnms that” can foresee a failure
[B4€kd on 4 evistusorRpwrfuasiveingtare ‘Yoraliceeb-ervea. In addition to the
s&xrsélt da®Atinid R4l 4oL d@é@:ﬁb&ﬁlﬂ%‘fﬁq ‘f’mér A hnd S‘g%%%'?ené -EF %{;@ 11 a web
al gorithms can be 1 nstal I’'n t e managenen
seyRE lembpdicd Hnpe WQI}E eespuise piontssiradr is e pragpssof adjdeentomths is¢rsor data
1P &étﬁﬁlbeﬂzgﬂa ofLoad wei ghted runni ng hours can be
used as a b or total estimated lifetinme for a
[0188F par tEressnidng ssnigshete andt \ipindal ofpecal-dmeaivalded i (At calculation,
si.e S _br oader der
cduisbhhn 670 B8 AL R R eR b P B8 ont e
[x189hi ng tﬂreﬂenmg:dnwinamto anddaivivgt stofddSonl th&rldcal wkb kéver (if not in
r edi meining lifetime under simlar
C(gngarﬁ%?vqhgl}?co ateggéwgr[k? propose i nspection
[a180kr val Patp rcﬁlp%em@tﬁtﬂ)&rdl digecBY oBpak Bnifdat Savikd € go through the
%t01 4] The theoretical nodel for this trend anal ysis
Ot ef erabl y managed as tables and records in a

[etpbase, MulkitiitneAsiveD -faB&e Gsidg OLAP 88 DK 2/ 1'11%8& R@lstoring,
product chanpi on can be authorized to maintain the

- Tailitples theysrgrohing aad regieipg o diedman ampyny ofdaty aegessAP dugjement the

seMABY tTHe NRn&AULRAR Y nd &e %@'nﬁﬂ%mgr%fongl)(@dﬁg f w&if"&@own to a skilled
m ning cam be used to identify data patterns t

Piegrapgsed. fopepioadifcikilf muklém@ﬁfnsldmﬂﬂ:@b@nwlﬂa@p@bt BHbestaand how to
1 ng

O AT 0Rly RATRA PO ML ALERLRRIAY Neura
[0A82or ks Anmfhepecrvise that @nlbd émplemyntecis pphluctaaomsf end aadl foportant
dition
sy SbATkich 1Rl ofCeePice pro g pek PP DL e o f Pkl bgator ana
cdmpany psrmnnel)l Ilhuhcre is, Ietg wleai @fct;pbxﬂbnb lf(ﬁ d specifie kytpe fof ffachine to

e [ screen d
oSBT s o, B it S0, B S e e
hepber fgfr ﬁap ipuBB@’htlsinomﬂ Hehgut rannthe Imtbb@n& Queﬁﬁ The Res{taime @hon-site
con%ﬁ{l{eﬁ g:o}ér%gtg ) uzotgf‘fl.rtlé éit hYeélﬁlﬁtag%Sf H}%\égr{shgtlif ggémg) 1t will also
chaelt giatcmcbonnm Qudtg, il msiedthe hBRLSABEh 8his18¢lcorhputdrSOn the on-site

possS sel ect a narrower time span, so that the
1"&3 r%onétah lbghﬁmmfo%s@dwﬁﬁilﬂwba PHRTR Wipdew OF fiesuseiinicpigggh When

arlyMusdr @leRRthel heddiry hé 04 @nfiAd thaf hé Wents b fu\ﬁhﬁﬁﬁe downloaded next
incidentally, the punp has been standing still f the

tirgg, ﬁblnwa%fh%lénTl?euﬂhmgwmauf@? Wibhthw e IEXEIeERUNEF UL ATddHeSt Via the
1nb$iﬁ1dldlﬁé‘LQ:Qo the configuration file generator. This process will in turn invoke the content

server to put the whole article to the outbound queue. This will minimize the transfer of data

to the amount needed by the operator or other personnel in the company. {
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percent age of the punp versus tinme. Such a display can

be updated continuously in real tine. [0186] The
wepwsasssent of the i nvention described in connCT/UBI004/034016

with FIGS. et seq. nay provide one or nore of the

ow ng_benefits: [0187] An on-site conputer
ﬁ‘??ﬁh i on?ﬂlj‘ systery mayRefesiengsio bethypspposs AMEFBPH fgintqngnee actions.

It d3@ puBlhOhaib@hahck |a&K>n§%thergAsue Ql@l%ﬁﬁt&bﬁQhé Banfd Gay s it publishes
there is in the enbodi nent of server enbodi éd
nes lbullgting. Thsnigntcs of B\‘%‘E@@@@Wﬂ Cém by 1 maateame elgogthms which take
adilasRNbeibited R TISALCHEIAL S
?of:.[01§§ %resentln (gﬂgﬁgng?g%gﬁgn%rEn tLaJ¥%q%%9§PB&mmibr
inspegtion jofra %rmgeféfel(.vnb* ¢y dfutheidad applisdrip e lslmhnw is Idonpirtaged by a
ht d

By es 188 BESMPSULAEC: Aot B, BL %GR tn
dmn@mmé Abrej@ie epmppgents.i f not in contact with the ‘

ut er t ) ] t an.he hon

R, AR LA DRRS S bl g e coni
cheskvioblx ahd £l in Matus i fdi ﬂenainomadmdcpldzxest barki lmgtha_s%lemn A\t next
M35, R TSR0 R0 B e SR RSB A o w
o&mmmﬂment the service. The general outline and use of

sj onal.. cubes wel | no to a.ski.l
%‘{;r amrlgé] A’npsétPscé’H]p&er §?<rf Y ﬁ1 n@‘/i!’lt“fnaptﬁ%% S F machine it is
mbtliD@ﬂmgV\ll’ﬂhb dsehilt vyrsiondelr sk advdufiemation EaRpbe ﬁlip]?bﬁdetdhﬁ installation.
I)functlonall descrlbeg above in mul tidimensional
LR SPIT P B SRVSEHP Sl 4 GBSl RSt Aot Bepueh the

maﬁagaﬁlbhﬂda@bas@n of news and inportant safety
formation fromthe servjce grOV|der back out to the

[q18EJa| nonPtdike fpioihe et Andbiletrssdn possiiesoriest headings only first.
Ob&afo8s dah,chEokDor: coRfifhE Wab AE £ WindaHd h&l 'dchfr&E]taﬁor? Hgl%bcfe'dgxt the next
type of machine to be released, this w
reSpnefle machi ne type in the nanagenent database The
[dierder ofsjidagaPp |ph%@ﬁt ifNeniflnl Has BEnPddberfbBa Wik r&éfeggeu@g)referred
queue. The next tine the on-site computer connects
empedimgonis, episers sfiled \'/Iethe detvall (depgriize tha chotgesmay bamgdeyin form and
nd queue, and

d??gﬁg@ 4‘1 tu%' flrcl ?11’19%}@%%%})(3'?)? tl{%%\%gy Tt er "On the
on-site | ocal nDnltor, it wll appear as a headlng in

a separate w ndow of the user interface. Wien any user

sel ects the heading, he can confirmthat he wants the

full article downl oaded next tinme or imedi ately. The
on-site conputer will then at next reconnect put a

request via the inbound queue to the configuration

file generator. This process will in turn invoke the
content server to put the whole article to the

out bound queue. This will mnimze the transfer of

data to the amount needed by the operator or other
personnel in the conmpany. ' 36[0193] The system may be

desi gned to both propose and report nalntenance

actions.
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It can publish maintenance actions to the on-site
conputer in the sane way as it publishes news and

whoedosessonss. The source of this informati on canP@EUS2004/034016
mai nt enance al gorithnms which take actual | oad wei ghted

use of the machine into cogéi&géation, i.e., it can
propose an action for ins of a bearing every 14
days,i t he ine.is domnated ..

1 y A EStérH (la’cic’r ngaé%gglgl%ﬁ}g gﬁee te COS’PO%FEFSSEE eqlijpmicptiavinga p?urahty of
cwmptmenta,l eath)wilh aimithd useful tife cappisingd | oad i s dom nat ed

by pressure conponents. [0194] Just |like for the

bul | et i n,a compuepwithhoeasdpenso@ssvgi Nt enance header. He
can_also check a box and fill in status for the

actio n, H&gé} gﬂo%raﬁprﬁgdlﬁeo fo&‘ ?&‘llﬁ § 2{ (ﬁ.{?s P‘ﬂlp\t erkg;ﬁ'x&m%mg fl Hlurahty

connectlon vice repor
dat abase, Of\nﬁm eases far theegnipakestt exdh isagakdse mtvbbmngiaﬂoa)r more of

[0195] E .S can.

docunent gtﬁ?%lﬁ&}@}rotf Iglg ?rq%g aﬂ%Sp “t lﬁecil ‘?‘%%mtggf’m%onsﬁsélmed tobe
as- bui | t experignonl byfthd ingoldateompohdits duning & recutiph oBeienl of the
at installation. During operation, the service

provi der &% B1 i sh new or updated docunents t hrough

t he managenent database. [01 96] Just like for the

news and duaohlpeter plsgraht modulfos 8étbrhenih9a pesietitte askfwlgige for each
only first rs,can, chec nfirmthat {he

vant 1 he SERSHaL AvalkEL AU oot G el el e Bt basea
reconnecton c[oﬂnjaeﬁdnt WedrRaehiriih apmesfnksuidd Nbdcarudiesthe
been descri b with reference to preferred

enbodi merPs? ‘?:Siequﬁﬂgg%%dfqoéﬂ inthe art will recognize

that changes may be made in formand detail w thout
departin g;eiﬁsmfsrfbt degersipiing dndamshitsgmgie ofcutrbiteion ¥@iiprh€d operation
37CLAI M5 for mana repl aceabl e
corrponentcgrr?sé’P ‘g {nﬁﬂg?ﬁe‘ﬁ %ﬁél%ﬁmﬁl%ﬁaﬂ}r?lf‘?}“%‘?f actual operating
conponentcdndigaiexpdrichced ih thidichbedtssef ul 1ife,

conprising: a conputer with at | east one processor a

conputer pro for defi
conpri si ngm%\rgp u%rra Ontn§ fmﬁfglgagerg%@&ﬁg %/aﬂgg Qonifons for the

equi prrentpluralitg bf eewy@aemgaed i nvol ving two or nore of
the plurality of conponents and specified operating

condi tio Mo %%ﬁ%%r%g%ar% nquu?ex RF gérl?pn 1%% gr?%dy%s? eor%g:glgsgeful life

corrponents € executl on

cases; a foonguipphen afgriohns anéublﬁ:eﬂ ofic slahert Bpdthtivgs,dy:
theoretical useful life for each conponent I nvol ved in

a duty profil el cal efu bei

based on corrpgeﬁ nli% V\%éé\?’% Str sé%% T alaCtu%gp gﬁ%?gecroélg%ons’

assuned tcelcolating ongrod erord daculated wear/stress/strain parameters for each
operation and accumulating these calculated parameters for such component;

and

based on a comparison of the accumulated, calculated
wear/stress/strain parameters from actual operating conditions to accumulated
wear/stress/strain parameters assumed to occur under the specified operating

conditions in the determination of a theoretical useful life, determining the
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speci fied operating conditions; sensors for

determ ning and nonitoring the occurrence of equi pnent
wop@sasicoh corresponding to a usage case and nRKRI/N§2004/034016
nmeasur enents of actual operating conditions
experienced in the gperation; a nenory for storing the
measur eneRENG thicadipsted dhroresical mgelelife censemed mdhe enger more
pl ural it yopefatisgyTponent s; and a conputer program nodul e
for conputing an adjusted theoretical useful life for
a co onent(%ffer it has experienced one or npre
oper &8 BREM ¢ glanp éé‘%*ﬁﬁgx the megsurgmenfed a¢iral RRFTR LN Aonditions

c@fipritdlmeaneEider 16QN6H teQfifatior 8f £10h@t i Ng Oone or nore
cal cul ated wear/stress/strain paraneters for each

operation an cC | ati t hese,_cal cul at ed . par anet er

3t or ?@Fcﬁé(stswg SR “msisip Badun P&%Ieaasé‘ﬁ”ﬁﬁé‘rs%%‘ﬁe%r‘{}%ﬁ@fs
oped il hied e systedl gadkathe Guider Jf Shéraisdik & Whith a Rplaasadleotponent
,tr§ﬂ1actual operating conditions to accunul at ed
! Y&t ress/strain paranmeters assunmed to occur under

the specified operating conditions in the
4det eThe system@ clafm & whBRar @ ke@ddrs tisebakigukddité provide measurements of
det er m ni ng @ge 38an?unt of the adjusted theoretical
agjual ogpraying @A fRBCHIGURLOR of HHeArSHesssiian pyamsier essspopding to
th};h,a)rﬁ}gélf&me@ij gk@hpondntwher ei n the neasurenents of

actual operating conditions conprise nmeasurenents of

| oad..and the duration of a |]pad. 3. The system of .
el ai RRyaeBrag el bttt spff&rs%niaaéog?ggtamggémgﬁ@efw@answe to
tHewafueted eeoRBEd] atdf@Nige AN EighdRg S §hiRBAILE BplaSerhéif nSdd IR the

of operatjons, i [ a rep?aceable conponent i s

i.n which
ampuy oy, g thegretiqp] gsefyldife pansemed igwithin agriicalirange ok the edivgied
bRtieNntdraured to provi de neasurenents of actual
operating conditions for calculation of a ,
wear /stress/strain ranmet er corresponding to:the work
6 por  BITRERBYP! 4108 SBHER OmSiTgAGoTy MERRPERmATosHfR rgsbonsive to

thie Wkfub©ed tHeBrFREd] Séchl 1de P BRAIAE a RERAAIBITFREMhéAt need when the
responsive to the adjusted theoretical useful ‘life fo

r
ampyH of the dheqrptipahesdildifeconspmerdis within aveplacepeahrapgreot the adjusted
thaBRH usdrultifte theoretical useful life consuned is
within a critical range of the adjusted theoretical
useffl life. 6, The systemof claim1 further
7-c onpt BsVEMLE EBifp b EFTepY B PRRATBH 111 Temp e &9BY RS (ammuer prRgram

m3ehiIb SRS miphe Mtaddfsked Hiefettal hidha liEMor 8 b&RRd e Mt%na the sensors are

schedul ed repl acenent need when the
resident on the equipment.

[

8. The system of claim 7 wherein the sensors resident on the equipment are configured
by a computer program module operating on a processor remote from the equipment to

produce selected measurements of actual operating conditions.

9. The system of claim 7, wherein the sensors resident on the equipment communicate

with a computer associated with the equipment.
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amount of the theoretical useful life consuned is

within a replacenent range of the adjusted theoretical
was@soBsels fe. 7. The system of claim1l wherei nP€TES2004/034016

equi pnent is renote fromthe conputer program nodul e

or utin n sted theoretical useful life for
10°F o FETRMRS ol 1 et Spiia heS ek pomphteruodi 21
canpitigelnt adjBted Tierdiy 8 tugdfuiaffe €raicBnpotieieéspoisB e a real-tlme
Sensors. rig%ggnt on the equi pnent are configured by a

TeQBh Hcere SPRERONY oyt Srodplg op iy fﬁspﬁflﬁﬁdéé%rl“’d‘c analysis
inignAed & the eupetiRregbiyrent to produce sel ected
measurenents of actual operating conditions. 9. The
re|n t he sensors reS|dent on, t he

t f cl
éﬁu T %Bﬁ‘??ﬁ%ﬁ“&@f’% FiteRaging isRitReRI couBeRen it FatiPRgNt

hivie zep‘ilutaﬂlfg&fftcom§&ieﬂts chlR witl 8 18 e® hseghiaitiNcdmbididdrer
conprising a supervisory conputer nodul e for conputing

t he adj usdoatolling@t@hpepraissh todhik ¥& deRinga GRAVPRIBNEomprising
in respons a_real-tinme request recejved by the

supervis oarfs rég Wt veaee ratdosths Pq‘FIHmP@s?%]ﬁ YELE 675y mVOlVlng two or
peri odi ¢ a8y tepiurdlit bl oﬁéﬁtst Ha sﬁé&ﬁﬁ:ﬁ‘éb&%ly dnﬁ&ll%ﬁs

11. A conputer-based nethod for managi ng repl aceab
conponent¥SURsid te fueipraencediaythe gvalved Eﬁqun?@ts éyring the eXecutlon
corrponento?ea&p&hhemsgég, @sdsi M ted useful life,

conprising: controlling a conputer progran1nndu|e for
defining a duty profile conprising a plurality of

usage cas@8™ ‘Pliin # FRIMRYRTPESETR modyle Fpr %@Q@n’@aﬁhwmmﬂ useful

i nvol vi ngift Y6 efdh Jéﬂitbﬁnéﬂt 1n§/$leecp1|nlércﬁt}1 pryfilef saﬁﬁﬂ@ﬁ’&fcﬂtlﬁeful life
and specified operating conditions assuned t

exper i enc¥Hedpsading cpmpeneRieHeassis/ER Qaremetmﬁ gssmed to occur
executi onngéy tﬁ‘@%cﬂgd &I;E?au'ﬂé agRiASLes; controlling a
comput er program nodul'e fof determning a theoretica

useful |ife for each conponent involved in a duty
profile, T%iing dabnirain seugers i sptgrminingang mongorwé@jo%wrence of

conponentequpaihSipbRASH SrfeflldRB FNBLEE Sisd SRHBERlakifly

occur under the specified operating conditions;
recei vi nghRSHIEMERHHS asbnkepernting pondétions pAnsfiengedinghe operation;
noni toring the occurrence of equi pnment operation

cor r esponglrig it #memYSABEMERASRIRRY of XtudTBfdrithe conditions for the
nmeasurenents_of actual operating conditions

exper i end®y2lity of rEANRoBEHEEPGN; storing in a menory the
measur enents of actual operating conditions for the

pl ural i t Yool BRNPEIMEUSE pro@iteh 1%9&316 R 'cbrﬁﬂutﬁ‘iﬁ QR ABHitE] theoretlcal

program nodul e for conputing an adjusted theoretical
usef ul | iveefuklyfe fof acompensamaticafithay e&pprlmgd Qg FIIOEhensERtions,
one or nge operations,

responsive to the measurements of actual operating conditions, calculating one
or more calculated wear/stress/strain parameters for each operation and

accumulating these calculated parameters for such compoﬂent; and

based on a comparison of the accumulated, calculated
wear/stress/strain parameters from actual operating conditions to accumulated

wear/stress/strain parameters assumed to occur under the specified operating
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by: responsive to the nmeasurenents of actual operating

condi tions, calculating one or nore cal cul at ed
wowrasN3teness/ strain paraneters for each oper at POTUSIUA4/034016

accumul ati ng these cal cul ated paraneters for such

conmponent ; and hased. on a conparjson of the. .

accumul at¥d ,8m8 ik LSEIFeaqegeHmWé%‘?n/n;gftarﬂé%%qt@?]r“é?fﬁl lifs, detpEmiping the

from act uahounpeftth adjgstetiaRdddtic ANSertiPlife € 6AIRERIAFe one or more

wear/stress/strain paranmeters assunmed to occur under

t he speci °8#°Bber ati ng 40conditions in the

determ nation of a theoretical useful life,

12let eThd methgd diaimmid Urterddt stéf\6f adkingSth€ fhediReBlsI0f Adtual operating
c%%ﬁﬁ“' life consuned in the gne or nore operations.

PLTHORR SRS BAETS BeaiuimeRisof faad andihe drratiemkpligoadhe

nmeasurenents of actual operating conditions conprises

13raki Tige methsdiofarimmtld wierditohe s@p 6f ddngoling atb@put&prégram module
ﬁ;%ag” 13.1Thefﬂethod.of cl ai mwherein the step of

ESRTHBE 1 iy PEOTHG rRRTisPs Cﬁ%g}%%ﬁ modile haf grsurpesta sepgifiedgnumber of
ophritjonp b the stes ONqNirSERg & edthpudripkdiSard ni¥BEE k& chﬂlgﬁting an adjusted
assugﬁs gl§$e0|f|ed nupper of operations and the step
thgprefical psedil Hqepmapriseiiskig thsrwmbain pperatiens i hich merlacagple
cafpardptisin@elvédeoreti cal useful life conprises tracking

t he nunber of operations in which a repl aceabl e

0 nent,is jnvolved. 14  The methaod of claimwherein
¥he _ eg‘BetB‘de P ﬁrg*e’&?a} e $iPR P TSeiung date BRpsprsels comprises
rec €0 Mhta grodtBdesdrs QNAEEBS O Foa@hEGiHeaEnd Of %%Y bptating

or

%gasur negts of actual operating conditions_
CULHOTP HE CYRUgonPT Revcry Yiepddamanrasefer gamesaeading to the work

p&fimes PP mghnbA, t he work perforned by a conponent.
15. The nmethod of claimfurther conprising controlling

c ute rogra ul e responsive to the adjusted
1? h egﬁ%tmf‘ég‘?do & IB{Pl E‘fl)fg@r FBRPTSING SERTHEP e CompRiss Progi@m module
resRPLIRE &R hdjRaarthvdemaf J‘s@f_uﬂﬁi@ Yt sihlidd e hihelal ﬂeﬁl?&etrrllqegt need

seful life consuned is within a critical range ©
Wag) the peaunt REBe dicoreliral yadelife panpamediis withinen qrisictlgengefof the

adphsBddhdodétichBdse@PRRI | SiNng control ling a conputer
program nodul e responsive to the adjusted theoretica

sefyl life for signaling a scheduled replacenment need
16y e oot laimpil Y f¥iihe FremrienE saptralligra fomprfes program module
reSEURSIVERANE §djiidd thébrétich BREAE BB sidn3fge b '
theoreticaIJusefuIrIFfe. 17. Thgu%%ﬁ od O?h%ﬁg%ﬂ%%ﬁkQQmed

whinehepRoyng ef e disorstical agedilVifepnetmed is withingarplacement range of the

adfRRIthedRSichi8kEMVEfRY data from sensors resident on
equi pnment | ocated renote fromthe conputer program

nodul e for conputing an adjusted theoretical useful
1 f elheapethpd f & hwherein the step of receiving data from sensors comprises

receiving data from sensors resident on equipment located remote from the computer

program module for computing an adjusted theoretical useful life for a component.

18.  The method of claim 17 further comprising configuring the sensors resident on the
remote equipment by use of a computer program module operating on a supervisory server

remote from the equipment.
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18. The nethod of claim 17 further conprising
configuring the sensors resident on the renote
weouwspsssns by use of a conputer program nodul ePCT/US2004/034016
operating on a supervisory server renote fromthe
qui pen . _Lhe thod of claim17, wherein the
1 T elNi Ty oy v O GanC el e SBbsensor comprise
raceivitig\datadrottateasdrs comBeniS@ing wah Abnp@at dsf@iaddivithahe equipment.
conput er associated with the equi pnent. 20. The mat%od

f claim ther. rising controlljng a supervisor
20 npt ee‘%‘etﬁ%%ff@a“%’@? rf@%ff%&? 5lftgr?8nta<aiﬂtss% Sien Ranreempekr
mogelt dér competifeahe adjesnstpbeedtical ulefiEHE @S ohiporent Bbspohd®o a
rﬁguest rgcel.ve(gb bté t he supervi sory conmputer nodule or
TGARIPIE LB EPIE HPYNEP FUdTesoRheampyies modple opinggspeysetip a periodic
asdl3BYikitised Yy edupegvisoty mofulgBt hod for nonitoring of the
condition of renote equi pnent having at | east one wear
sai d.at. r conponent havi n% a
leggt one

onpenent , | east one. we \
2fser o rﬂr%"fa‘aﬁfﬁ?&&%f’f‘ B C?fﬁ&loaﬁgmqt% UiRmeE BV
wair dogpsiiengReid weladst 6RIPEUR eSthpSalian & ASefuldFEBEPeRddABon the

efinin Emre raw data neasurenents that vary

d Lwo or , at
°%e§atf“ﬁ€°‘gca'i5‘?% ARsft 1528t o @A FEEPIEY FHDEFEAsES, SPEPIENEN g

condi tions; .controlling a ,software conponent for _
recei vi n&gﬁyf’%t‘w ﬂrﬁl%rgﬁ%ii@a PEUPEERS Mipt YAy Bs the gquipment is
equi prentusédunsiendfelepipafatingdedrn@itidhd;i ons and to produce
the two or nore raw data nmeasurenents and for

transmttin ald sensor data to a central nonitoring
processo rcf’mgodﬁ?gr aoT‘ﬂ%'iwﬁﬁB ?@B?W\é’? éecéldﬁlﬁd%@r’ff"“hienfcﬁécool’eratmg‘
central i thOsjuilgnddi QCREEperhiy ddadifbMAGNH REpBeIB e two or
data into the t or nore rawf%ata nmeasur enents for

post pr oC¥ESTAT AL BRISPEMER gniop Hagsmifiipg gadd pengor data to a central
sof t war e ngipERSHRbedser; cal cul ating fromthe two or
nore raw data nmeasurenents at | east one cal cul at ed
wear parametoa?]{i for the at | east one wear conponent,

the val u&®Hfoline? SRERATIROMaRRANER! thissentalariRtiegprpgessor for

val ues ofpaising the¥ensdr dAR o the vl 8l Bor@BAS HAtE ARAuPerdtBi&Tor post
inits calculation; controlling a software conponent

for col | #°PHiY8a ti me sequence of the val ues of the at
| east one cal cul ated wear paraneter for the at | east

one wear cemrgeeNboseptBcdsiRgRoftard dofipoR@el e 0818ulXng from the two
val ues cal cul ati ng an accunul at ed wear val ue over the

g
usage of °f RaredeW daladpeagiemeiinst IcashAne Aelpylated gar parameter for the

control | iagasd osiéMRb@pSRADIBSAle bOthe F¥& JARhicRg bEi_lﬂg weighted
accunul ated wear_ val ue agai nst a maxi nrumwear ratin

for the &Y ViBekaf thniwogs gorcgmsisisarasyementeeyse isits,qalculation;
thereto providing a useful life operations notice.

controlling a software component for collecting a time sequence of the values
of the at least one calculated wear parameter for the at least one wear
component and from the time sequence of values calculating an accumulated

wear value over the usage of the at least one wear component; and

controlling a software component for evaluating the accumulated wear value
against a maximum wear rating for the at least one wear component and

responsive thereto providing a useful life operations notice.
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4222. The nethod of claim 21 wherein the step of
eval uating the accunul ated wear val ue and providi ng an
wop@sasicohs notice conprises providi ng an operBCDUS2004/034016
notice to change equi pnent operating conditions to
reserve useful .life.. 23. The thod of claim rein
2P Th e itz Fins Tt Se B Ruce WEAC GRS eagvalue
at prévidinggn aperapak abti@RSmPAies G VMY U opeSitod netidedd ﬂﬁmﬁe
ﬁ\?]‘{li{))erw sor%1 noitﬁ.ce for emer gencg mai nt enance. 24. The
CHEPTHTY OB I BIshh BressTre vkl bfeep of eval uating the
accunul ated wear val ue and provi di ng an operations
280t | Tee oethgaf oftesm 2 owhiettime stef BPSaMbGRY tHe RRUNORteH &ear value

schedyl ed repl acenent at a tine, responsive to.the
=R iE A BPSTRIES U & Omcees BiRRidHe P B TPfigecior eergency
mhbligenardehod of claim 21 further conprising controlling

a software conmponent for collecting a tine sequence of

he | .u f. the at | east one cal cul ated wear
2har alBr bt i 2 ams e R pEtelith miantad g value
aslyprbviding lae apdrativne nywa compigee pRRidintbupéroldbs wetice for scheduled
sequence of val ues, and_failure gata for the wear )
fe@@ﬁ%?{ﬁ At EITPHCERRIAVE KhBE 2ccpmpidiedtyeghvalpand remainpguseful Life.
wear -failure correspondence between the tine sequence
25f  tHe methetest chfim i duréter t@mgtsingreentedliyd @f®dre@aiponent for
C(H%r rretter and vveaé co on(irﬁ% fiai | ure. 2?. The net hod ,
O U RSB ITIT R CEHE AT 1oy e ors ealiilaiy weas sppigierfora
sanfpippopalition eS4@ipHievCusing Stk lélhﬁt&fnef\@hﬂ déiponent and from such
corresgorfdencqi alnd ({E}urther responsive to a tine i
SCBRISE At wlys apdfailyre daladorihe prg camppretsin ich spmple pprlasion,
dsteratinip@h MRt Rilurk 0brrdsPehddhcel BBBRELn RRINMRBGuAQITIREMHuck OF the at
calcul ating a remaining useful life for such wear
leas op® sRlTYatedyear prramier MYvesF campenaRtfaifitsier conpri si ng
controlling a software conponent for collecting a tine
26 eqUERGBetRdd dfltRid 2k BigthePontfiRing ohiRMSle LRAWaR! OHpai&H
wear, paraneter and the raw data_ neasurenents )
feali’ﬂfiléwg {A ygh werHalue eorrespaengs and Batherfatpensivee adimesegieace of
the ML IRt Wast@Mb c ABRMAEA W Parafldfel fRkhel £ B2t RO Gel¥RBponent
conponent and from such sequence of val ues and
forgaletlptigaremaining usep] life forqughaveapeomneaentear conponent s
in such sanple population, determning a wear-failure
2T.0 I'ERRRAIRIRITR B8 DG thet &fngiisiB cSRAMERICS 0R v aleREmpaldAEFor
of the at |east one cal cul ated wear paraneter and the
cqllgghingz tHNiequaiFepthe ¥altridé eyt legst sorsnlcubated wesr paametar and the
raReda@ MBL RireRABALs LieYR: Qf%%?dh?é@é . i
4328. The nmet hod o? cgzltsgcih%;alzcgﬁ%gr\{ehe corrp])frfl&’sj% Aﬁg{p%polmlauon of
CRIRTRH NIy C R atderst Gerecat enmponeriang fremeneh speuence efinahies and
i | I6Qr l. jlure
P P PR ok BB o P S Bl b
dejgrayinipgz waatfeilure petraspenderng bdtstean the siswersequentesof the values of the at
' ' t raneter for.an item
el OGE SN S et Bt BRGNP iRy
cagaypldtgsireear paramelet acitinaAdgniseof fnaid aompopat failnre. and
responsi ve to such detection to
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provi de an operating notice for the item of equi pnent.
29. The nethod of claim28 wherein the operating

W easo886pF ovi ded is a notice specifying controPCEUS2004/034016
shutdown for the item of equi pment at which the

re-failure ter s detected. 30. The _net hod of

] 5 Hoathi Pt 5 F%{Fr?rﬁaﬂgﬁaflﬁr@knﬁo}%W&éeocort@oaem
rd3périsive tspeh vy faigura boreRpsraitadado hpply duch Meartthiturt t&Bspdndence as
gigtléltpne]gt tat %&hthe re-failure pattern was .

2 HEPEAEESE 8¢ CHME Gt 15 Brrgnete] and the A w dai mep e gt hiyterlying
sicchidelated R pasddgeter @6 dnfieR0ofAqwipMbATR B spHRling kS WekSsample
lim¢t for the atsfjeast one_wear conponent, each )
PRRYRLIE OB FAYCRIRT fosdefrgt apPtritpifure pasiernangd sgapefistvg to such detection to

pFRRR 4h 8p&EAingQiotitdfor theGR@MULkGlifdettear paranmeter; and
controlling a software conponent using the

- di nensi ponal . usa l.imt, said, conponent being . o
2 o5 phirere Bl e dae 2 aipetsin e R nedrHsR ROl 1§ p8otice specifying
céitolied Sueldwhearl thORErRBEERIpment &fwHichStHé P8-fAlire pattern was detected.
out-of-limt warning. 32. The nethod of claim?2l

erein the hod _fyrther conprises: definjing a, o
3‘?@ di %&?tﬁﬁda‘%ﬂlaéé “herrin the gperitig ngficq prawdded s, & ngjicg specifying
alt OpERAINg Mimit RRAMHD iteinHE BGdifHert @WPRitISihB GredfalliBiphttd @ vadddiaéd.
data neasurenent or for a cal cul ated wear paraneter;

nd control|i .a software co nent using the
S ai FRorBd el gl et B SRS B Poei g
responsive.to the.raw. data neasurenen and the

cal cul at e‘%f%&%f“ Bbdé?gﬁ‘}ngt??g%ﬁﬂ?lﬁ% g%i %Ea% qne wear component, each
out - of - | idiinénsiearcompgsing4 Bahit fdheraweiatkadireiGéionTo? 4 calculated
wherein the nmet hod further conprises controlling a
sof t war e COHBBHBYHES P¥tat ed on a central processor

renote fromthe equi pnent to be nonitored to configure

an equi prentolingypsifevarsyaipenenk 0gad e 2aliméRPnBGIhdITRAN, said
by defi ni n&gat | east one  of e raw data measurenents

. t

to be prdqREPILPRNG GEPOPSRGRLRTi Wdlety measwemeythnd thycalculated
The met hogkabparshébi) BSisey /i out-bhBmA Wamigd control ling
a software conmponent |ocated on a central processor
renote fromthe equi pnment to be nonitored to configure
an equi pnment conputer system conprises providing
configuration data specifying one or nore of the

3%.0l | Bwi mefhods@lctairh i2ih vhererr the olyhod &nthsr dompriggst t Or |
selecting the signals and paraneters for a data | ogger
i n the edigfipineaiN-dioemitrel vayslisinforsid & ddastroge seal dofgonent,
cal cul at iegrhs 4 gnsl?oe & l.ied ﬁ.o .t:]taw datc{z;%,t nmeasur enent s,
sel ect i ng ] THEPLOn SMPLSIAg g limi for 4raw dafa ugasuremment or dr a
measur eneakslated ndai@k@edtdrnghda communi cati on route
bet ween the equi pnment conputer system and the central
gg Rlptr Io;: %gr_lt%}iﬁﬁgeﬂoft%v%fe c-yr]n%orrlrgl'i Qs(%r(?g t%g Ngc!lil%lerrlrs]iozn:!il Igsléllgr;et lli]rglrt, said

component being responsive to the raw data measurements and the calculated

wear parameters, for issuing an out-of-limit warning.
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storing in a conponent usage database accessible to
the central nonitoring processor raw data neasurenents
wa@resosseehnl cul at ed wear paraneters; storing i NPEI/US2004/034016
failure dat abase accessible to the central nonitoring
Sgr sor f$8}¥ ata for at |east one wear conponent
or e

ea{“&]}(’ OWH?%%WF rqfélg)&gu@‘gf SPJARIESES contro ing a software

cs@pasxreai lotdigt ¢h SRhENPERHOHNRRBE THonk B QBPhEN:Hd svegmeﬁt@ed to
m ning on the conponent usage dat abasé and fai

OB I GO SE SISkt fieaaRipmPWiebY dATiBiEGH least one of

el th @ Gefal ithsBeMBi oM pduddAR 8 RiqudRy bifiesehfing wear
conmponent; and controlling a softmare componen for

|npl nt n | east one predictive rule.as

31 8 Flsthsg %ﬁ'lﬂm%édvft%ﬂ? (g step P gonsiolliaR A£0GYaTF GoipRaat located
offREhF PRIOEsSorrea et Vdeh the &4RiHAMS &) e meftored e c IR An @fuipment
claim 35 further conprisin storing in a li

m-t
COPUBAY e RCOBRY D PR Viding wegemqnaqatarﬁe?ﬁlﬁya&gu 9g or more of the

FRAIREES SRlec@M wak chrhfBnbn ?ovlﬁ!)n?ltofr %Ele@tﬁ%nﬁer él@ﬁﬁ 428 PhraRkters for a
the raw data neasurenents and/ or cal cul ated wear

dpfareaset iarthe coipmentRABINIeH Pyster sdeatine swding caletgioneiptbefagplied to
A BRI Enl 1 Athe Bfert loelaphif45h vl Pmbishicflonts e
applied to real tine streans Bf Taw data measurements
S?le@elg\a@@nmmmgmﬁ Setwsen de Pquipraent sorgpritrisyigieraand the cefiral
%%ﬁ%g jtion. 37. The method of claim 35 wherein
ata neasurenents of the conponent usage
database are stored in multidi nmensional cubes. 38. The
3pet hdbe wethed af ¢laigs2 lvieshescomptiéngs al cul at ed wear
parameters of the conponent usage database are stored
i n nul ti ditprnesh 8 sempenghiaisagedtabqueacerstible th the canltral meg®Iing
wher ef Nt Beclor R ARRRIESHsGhidErallafoalyieal SaRAGK:
into definitions for service proce dur es #h
conponent replacenent schedules 40. The nethod of
cl ai m 21 skprénedn A failurg dagabesenesssible it gens@]l merifaring @rasgssor
wear par r
par anet e?ﬂﬁﬁl@ .daﬂa%raat legﬂ%ag\@%:QQkﬁlgoﬂe pwrf\%ﬁéepgdﬁ' F}he component usage
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controlling a software component for implementing the at least one predictive
rule as a filter to be applied to real time streams of raw data measurements

received from sensors.

36. The method of claim 35 further comprising:

storing in a limit database accessible to the central monitoring processor out of
limit levels for comparison against the raw data measurements and/or

calculated wear parameters; and
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41.  The method of claim 21, wherein the equipment to which the method is applied has

two or more wear components that are replaceable.

42.  The method of claim 21, wherein the equipment to which the method is applied is

selected from the group consisting of cranes, winches, top-drives and mud pumps.

43. The method of claim 21, further comprising storing in a management database
accessible to the central monitoring processor the correspondence between raw data
measurements and the calculated wear parameters to which the raw data measurements

belong.

44, The method of claim 43, further comprising storing in a management database
accessible to the central monitoring processor the post processing calculation methods

applied to raw data measurements.

45. A data structure used for monitoring of the condition of remote equipment having at

least one wear component, comprising:

definitions of raw data measurements to be taken from operation of the at least

one wear component,
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correspondence data between raw data measurements and specified calculated
wear parameters for the at least one wear component to which the raw data

measurements belong; and

calculation rules for post processing of the raw data measurements to produce

the specified calculated wear parameters for the at least one wear component.

46.  The data structure of claim 45 further comprising scaling rules associated with the
raw data measurements for preprocessing the raw data measurements before they are sent to a

central monitoring processor.

47.  The data structure of claim 45 further comprising logging rules associated with the

raw data measurements for defining the frequency for capturing the raw data measurements.
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