WD 2005/ 038613 PCT/ US2004/ 034016 EQUI PMENT COVPONENT MONI TORI NG AND
REPLACEVENT MANAGEMENT SYSTEM BACKGROUND OF THE | NVENTI ON [ 001] The present
invention relates to apparatus and nethods for nonitoring and managi ng t he

life cycl f i nt. Mre specifically, the present |nv n.relates to
appar at usﬂgﬁ&oﬁ&gﬁg s for predicting preventive mai nterfaFrT@és %”?43665 and

conponent repl acenent needs [002] Machinery requires perlodlc di agnostic

mai nt enance to EQEIMMENTICOMPONENT MONITORING AND REPLACGEMENT | ocat e

probl ens. I n nodem nachi nery, MANAGEMENT SWSTEMhi nes, cranes, automatic
transm ssi ons, turboshaft engines, paper mlls, rolling mlls, aircraft

engi nes, helicopter transnmBdKEROUNDORTHRDSTNTON ocess nachinery, failure

of beari nggoo1] gears msq)r@meﬁveaﬁw RIER o bR YmdtREY Ifbr InBni®asE kid
producti vit I 0SS, 3 ver ensj ve secondar% damag]Ey and pot entially
life threattnrsE br hea{’Y &&%ﬂhﬁ“ﬁ’wfs&}’q@ﬁa@é 8¢ efFpent FRenipadeagy & ti ne,

gear/ beari mgpaae&ussem m@&oamdo:opﬁeknﬁgamesenm@tm@ﬁ@aﬁ&er B X NRLIpeRGE wear
and damage, such as alled bearing rolling elenents, pitting on gear teeth,

and beari ngPH4EB " §ftige. [003] To ensure safety and avoi d unschedul ed
interrupti gouey cri tlM@hme@rﬂaqm@@tpsn@icedlagrchclﬁhhunahe@&oaa@a:t alackipngat vati ve

fixed interval s hase ri ods of use. Howev wear factors such
as | oad magffft B’&B’?‘ faﬂ?rg r‘r‘gééﬂ‘?rﬂ‘gﬁ?‘%‘t dp&gdem f‘laﬁ%n%rsflgﬂ%‘ PRWE Mg and
speeds of dimg, acRmRA tfﬁaymbmw hirboshi] BIMES Fapet Wtromgrmﬂ@,dalﬁﬁifﬁge

Consequently, when the wear factor re above nornal r a sjgnificant
period of th#aes PEoREIrHITRIFoRS, nd S‘rg ﬁrpéqcﬁssf’a‘?‘qhme% ‘l‘]ﬁ? ek gf'éfmgfand when

the wear f agirOhsl dhcd efflipthé krediRhtlPreSilAR cdshiG @fb’ﬁuctﬂﬁf 100¢] s@Verd dnBRxpentimd| ¥

relying on riods of use to trigger conponent acenment i ncrease the
costs of oﬁgﬁ"&‘?ﬁ%ﬂamﬁﬂ?r &nq EOtB‘EE‘Qﬁg’ge H’éeéfeﬂi“géﬁ%ﬁﬂgnﬁq}“?%m ‘é%%%PTé’Br costs

are increas@dselber tithe! n%éﬁﬂaeﬁﬁ%%bh@dnﬂb@@ﬁ%@ thaBit8 sdsQdUpdriéhdeyvda
decreased due .to nore reguent  nmai nt enance shutdowns. [004] There is a need

in the art *AOAMAZE U SPHIAE Ok TeHRECS st BHHOE PRSP APt 20 PRiasrs
mai Nt enancelafggel 0ds and define corrponent repl acenent needs. Also, there is a
need in the art for a nethod that nore accurately pr |ct preventlve

mai nt enancd®$5éri ods TOﬁﬂlfﬁmﬁ%ﬁvoidé’ﬁF%E‘BﬂlFéldFteﬁ%'ﬂgs’ crjl 538513
PCT/ U32004/tﬁ%(l} ﬁapla&% &comelNMNR YK intdilald Mﬂ\gﬁh@' on periods of use. Howevcr,

wear factors such as load magnitudes, displacement distances, time periods under load, and
speeds of displacement may heavily influence equipment wear and damage. Consequently,
when the wear factors are above normal for a significant period of time, the equipment can
prematurely fail. On the other hand, when the wear factors are minimal for a significant
period of time, simply relying on periods of use to trigger component replacement can
increase the costs of operation. This is because useful component life is wasted, costs are
increased due to more frequent maintenance, and productivity is decreased due to more
frequent maintenance shutdowns.

[004] There is a need in the art for a system that will more accurately predict
preventive maintenance periods and define component replacement needs. Also, there is a
need in the art for a method that will more accurately predict preventive maintenance periods

and component replacement needs.



[ 005] The present invention, in one enbodinent, is a systemfor managi ng
repl aceabl e conponents for equi pnent having a plurality of conponents, each
with alimted wuseful life. The system conprises: a conputer with at | east
one procesgar nputer program nodul e for defining

conpri si ng‘% 28?53’?@31?ty of usage cases for the equi prrenqaCTq'gstﬁg%%@égbe case
involving two or nore of the plurality of conponents and specified
operating conditions assurBRIEFSUMMARY@HBICBPIVENTION: i nvol ved conponents

during thepgyecuti ke OfreRAC MvehtidnNen URe MntlodiRas, 1@“’%9' sPst&R Nk Lrnaddh © 91 @M
nodul e for defermining a theoretical useful |ife for each conponen

i nvol ved i feracgablecoppapenisdor eghipmepthaying g p@aalltwépmponemi&re@cfbmthahslas%d on

conponent  Weahy k! e%e/s§itéRicBmPRed TRl RpueS FHIBA1hQ RAE PrdcedtBE QN cohdpter
speci fi ed operatlm?g conditions. The systens further conprises sensors for

det er ni ni n@TeEFI MeEHE fofr deiging Hedusy rofi riging @ lirplie 9f Uense cates &1 th

cor r espondieRlphéntdedd %gge%s@;@eﬁlng&%rw mdsfeaﬁuﬁ@&sﬁ:%sy of c&ﬁlsdﬁeﬁts qa@r ating
condi ti ons experi enced t he operation; % storing t
%

measur enentsBecsied gperating CB%G‘OJ‘P pHgmebade F’FPSH%“CP%‘PY @Vﬁll‘"ifjr CAMPOYETE d“E‘B%rp onents;

and a CO”E&E@;Ecd%@Gf Sh 8PN Gt Bkse £ ARPMEdnipHiteR Prog@hinb etk fobeqédfidigad usef ul
life for a onponent after it has experienced one or mpre operations, by:

responsi ve tlﬂe@rqﬁﬁfé usgfpldife for pash omppnent inyelvedoin e duty prgfiteotéd {hquﬁhg:al 'E?&f“l:ul ating

one or nor gf€ akiatl hadk®dn d&ﬁ?&ﬁe’ﬁi RS RSLARIN pRahaeR BhseAab Ragfmefanat i on and
accunul ati ng these cal cul dlpararret ers 1Por such conpgnent; and, based on

a conpari scoReHffedioperaingcspndifianse dlhesyyteny Hrtery comprises synpus & s’FWHi“HmﬁéP‘%met ers

from act ual, QReHR thd18ectRARE bi QRDreRt AEEHHLALSENdiNEB /1S4 de @53 /afd makiRs
parameters assumed to occur under the specified operating conditi ons in the

det er mi nat i TBAISBEMEts: pfesiual pRaspting cepditions jexgericpred dp MienPRFERlPHe? BRBORIOB t he

adj ust ed t hephetHeGMlasurdtéitstf abtufiDpSRfpWIRAidmR iR ARALG of ERhSNORE AL | ONS.
[006] The present invention, in another enbodinent, is a nethod for managi ng

nai nt enance 6$mn»wregr@aurnﬁﬁ%tfowcmnpqﬂébla@c@:h!ﬂteé %?Fﬁ%“r@bﬁ’@%ful irf?e %et hod

conpri ses: copRboithdiaftth RNhaakeheFiotd eon@%y RBRNbpatRhd!! 8:1 le¥plivS ahis@é s t hat
sense operating conditions for each of one or nore replaceabl e conponents;

recei ving dReagureraenih 0§ e adtirbr aRTFHGS c emditiononcalpuiaing sets €8 Byres aplguipPdiral ity

of sensor s,waggm@sr/m& ?raln@t%ﬁt & Rt 'oBé?atR»B Lhe a%&i’ﬁ%ﬁéimga%set Qafflge®r NOre
design duty profil aneters for the renote equi pnment; and in response to

the step ofPafﬂéEWﬁafm Wgh chrgRaventf gzndngaseﬁm@n PORSFiEon; o thengceuntlated salggaett s t hat
are recomgpd Fgreﬁsf{uan AR oM Ly a2 %P&& teﬂmﬁl%w eidal RubiPhted

repl acenent . resent invention, er enbodinent, IS a
conput er priFgY st edramgigrseemed erocewandgnths spasified oparptingsenditiony isthet em f or

managi ng I eRtARRIRAr G WHBRAEA WSerhilte, détetifhind /20373 1P nRGldded AdL03£016

useful life consumed in the one or more operations. A

[0086] The present invention, in another embediment, is a method for managing
maintenance of remote equipment with replaceable components. The method comprises:
providing on said remote equipment a plurality of sensors that sense operating conditions for
each of one or more replaceable components; receiving at a database opefating condition data
sensed by said plurality of sensors; comparing at least a portion of the sensed data to one or
,more design duty profile parameters for the remote equipment; and in response to the step of
comparing, identifying one or more replaceable components that aré recommended for
replacement, with a suggested future date for replacement.

[007] The present invention, in another embodiment, is a computer program stored

on computer readable media for use in a system for managing replacement components for



equi prent having a plurality of conponents each with a limted useful life.
The program includes software conponents as described above for the system
enbodyi ng the invention. [008] Yet another enbodi ment of the present

i nvention provides an aut omat ed web- based service desi clients
interface @WI ??é“sﬁﬁl offline with any drilling equi pmnt%‘gﬁ%‘?‘maﬁ’tg% t he
system On-site operators or personnel renote fromthe site, e.g., the
headquar t ereqtﬁfamérhéhaﬁﬁm@m}‘ahtﬁ chﬁtﬂohén&eeai:mf&ﬁh AEihiRd usetal 1k ovihe degrasd or ed

anong rmun s of data. A fot oncep ire and
r edi rect ekl?c LT PR B% %f?‘{l?ﬁ‘g?ﬁ"é % 1% °§YS&%T‘§bc1dﬁ‘f‘%%ﬁq'B’§ﬁtﬂnal i zed
dat abase. pyosal so ap:ﬂtyndn@rembcpmﬁaﬁefthaapm&dﬂdﬁeennaiapmhdém Reulapdeitb, |ike

t heoreti cal deI S, nos or| thns, statistic
accumul at | §A® éF‘H‘ceéle (’/“b%t éfeﬁ‘@ Berface qRling g\ pitljme W&ﬁ ﬁ@%ﬁ%e@é&“gnback to

t he COrYpan)éoupD@Elfoaﬁ:Hengfsfeﬁle ROt Popefitors ISh@e:sMﬁlaefenmy fldﬁ] theéedite] agt, thour
statistics fromone specific nachi.n or advar&ced nostl c al Ml t hns

appl i ed acMEQUAEH;oH M FOIRY actagdmbff’ Ffematon,gnd kg é’gredﬁ%ong em may
hel p pi npoiafioity ofQtatNtA Phrt BE @RS coHmEpti HTI6 CicQirepaidf &ﬁmnemsa@ eq\ﬁ;bmcnas

oe i n e ERn el i AR PR B Bl TRt i, © °

advanced eragdnn ak¢ bdjl.@prﬁ?dmd ltmtthaiﬂm‘calcmbderﬁpdﬁgndm; al\gbrutmlns pet0igiicd £ warkr Bﬁa‘er ence

for conparin asur ed eratiqnal data, wt a. The second,
ror e oot HGRCT A AT FR PP o SR PR b P 13 e cogprany
t heoreti calopkramvgj eﬂg@{ufpmrentorrﬂé 3y stedi nﬁjslohehvwaﬂst Gduit krexistiep frpiedie. sple:ﬂfn& hat

case, enpiric ana SIS f tren ernS|r1Iar e

ol Tect g daEhne i gilacs SisabtiE AGRrOa BaeH SHERCoHATEL SPrrae By Siter e

provi de b&bh@imﬁnﬂihd)@,tstcﬁnrma)nh&ﬁ pihp&xﬂttngqme@ﬁalemas poTE Mbroved gérfdriie af 010]
What ever CWFIlﬂod i s.used, q better, conditi ﬁ rrﬁ w || enabl e cal cul ati on of
wei ght ed edUfiGasistifgin predicing ang planping aprfcman &a“ﬁtelﬁ‘glfceby time or repetitions
of the opernadgjons bIHerehﬁtS&d) 104n bﬂ@&cﬁ&s tOédumeaOdvdiitibw il ysid abnest baed

equi prent |ife, Obviousl t here %\3 di ffﬁ ﬁnce et weée?n 100f0 runni ng
hours wit h Medlipnded sRpdingotd Pa Fﬁ“‘ﬁtﬁah fding; #Rishe PrPYdy @ Fferghcr 1050

parts wear chbapirgly Mbdshre€ @pbraiidhaOBRE &tlthnme&af&dn aat@msne &céhd, Mdahebmmpeeds,

ot hers W|th di fferen@?condl tions, oad. It is possible to

define a " \ABEPaqhdsthat ere é"a‘E’H‘m’t‘:’BFPé‘S‘H%H{Od%PF g-ﬁeretrf&blmowé%dg%@r EBMIORi2AY t hi s

wear - map Wdidr QR ehd bdu@fiint ddt tBat dsd, iegipirRall Salysik BieAiNSud pdi@bds TR 1828 be
estimated for wear parts. This w | | formthe basis for a Reljiability

Cent ered MVEFIEEH aﬁe@le@mta A1BY & E5s, nupher o cARBRER (Pt MY COFdRS Bfﬁ"‘é'hd

remai ni Ng  beitdrahd bRtcHdtetbretARA of &fhifeNATLGRIsY estimate service and
i nspection interval s nd spare part requirenments, This provides for |onger

servi ce and1%spect i BAMFYSE detad & wed Hetsr tCP‘I'dé“%‘rm?ﬂ?ls ‘Y‘Hcﬁ“@%\%éa syptionghces of
failure. Reddighbdd dqhipmemdissaketie Baisurad 58 jike by HRE QY Betitns of the operations

but based on load or other conditions that effect equipment life. Obviously, there is a huge

difference between 1000 running hours with heavy load and 1000 running hours without load
at all. Some parts wear faster with certain operating conditions, e.g. higher speeds, others
with different conditions, e.g., higher load. It is possible to define a “wear-map” for each
component of any machine. By combining this wear-map with operational data, a figure for
remaining lifetime can be estimated for wear parts. This will form the basis for a Reliability
Centered Maintenance (RCM) approach, where from current condition and remaining
lifetime data, one can dynamically estimate service and inspection intervals and spare part
requirements, This provides for longer service and inspection intervals with little or no

increase in chances of failure. Reliability and safety can also be improved.



further enbodi nent of the invention may conprise the follow ng main

el enents: Instrunentation (including sensors) o This nay be existing
instrunentation on the equi pnent and/or new instrunentation On-site
conput er - WR PYBBEAl data acquisition unit |ocated on HfT/RHEa04/034as

moni t ored equi pment and coupled to the instrunentation, Server receiving
data from Luralit . -S| ut er nd_wi t.h ik SeXtiod pgr ade
sof tware iﬁo‘me on-s%t@l%ag%%%igccg&@%nﬁ ﬁ"a ?fo%%ﬁéimﬁfgﬁﬁ’é’%.%“?%ea’rnt er net
[012] The RONPssstid oHowing maw dlemeptaso nodes: (1) Local nonitoring - made
on-site or wthin .SL 100 ny _network; or (2) Performnce
nonitoring - provi dggsﬁdeggﬁ{é%n%ﬁgﬂgrs%ﬁ%%of servers operated by a service
provi der. The | ocal noni Thisinmy baredging Snsirmhendionl of te eqproant sidomnew r aw dat a
and sinple statistics. Trilrpstrglggr}‘tagirogance nmoni tori ng node provides _

hi gher-1evel information, nore deeply anal yzed data, where the service

provider's accums aDesitdavaphietga physitandathichdsitaniitiented ohasnehetbet applied to
the raw data. [013] The, systemis designed ta provide a single point of
configuration for thrgomtfée?é\?ﬁ‘ggmg‘rsﬁandfe%llﬁ?‘ﬁt@ t@dﬂ#ﬁ%ﬁ?ucinnvol ved. In a

dedi cat ed web serwi CSrves edcviviag dasl from ia plurAinOston-stafongRREd d wéth capabilitshe

el ements of the service. The_configuration process involves: - selecting
equi pment to noni t or©IPEATEIRIVE e Wi CRBE er type for data acquisition

- selecting and confC@ihhnientish Stabk, NdhdRfeaiget ers for the data | ogger -
sel ecting and configuring cal culations, filters and | oggi ng %‘é‘&g&ency for

the data |Bder - sERREMTEVERMAYbhH HAMOAT: (ONAGHIBRAPER T site
sel ecting ageHikH AlRBtiKNOMRANPRIEAKNSE (BERHbEGNS métiRrifED plodideSBY MRlor -

defining and setting up conpany, plant and user accounts [014] Bag?d on the
i nput, the HEAEYRIFENES QB ‘%a*ieh"“terPéO"é‘@htT’&IIO%W%‘FO“H&V’O%‘F&‘HH@@. o an XML

confi guratiQsvifibd 8f Oy Anth WRBLsined kidtishied. THE REtbroRGREeMbStPhg titlle Gadvadek 0gger -
an XML confiquration file to automatically set up the |ocal nonitoring - an

XML conf i gutiéier-tels infarmagon greadedly 12palyded st Fvéerr: oths| sertith tRSYVideBAt ent -
automat i ¢ CRArhAMERkoMEdRE ShdSRichilPcipeRAdedRaBRN bl €® thdvalviagaper f or mance
roni tor [013] The system is designed to provide a single point of configuration for the

service and for the equipment involved. In a dedicated web service, service administrators

can configure. all the elements of the service. The configuration process iﬁvolves:

-~ selecting equipment to monitor

selecting on-site computer type for data acquisition
- selecting and configuring signals and parameters for the data logger
- selecting and configuring calculations, filters and logging frequency for the data
logger
- selecting and configuring communication routes
- selecting accumulated knowledge to be applied at the central server
- defining and setting up company, plant and user accounts
[014] Based on the input, the management database in the central server may
produce:
- an XML configuration file to automatically set up all aspects of the data logger
- an XML configuration file to automatically set up the local monitoring

- an XML configuration file to automatically set up the local monitor content

automnatic configuration and set up of database tables in the performance monitor



4 WD 2005/ 038613 PCT/ US2004/ 034016 - automatic configuration of the data
receiver in the server - a | ogstream handl er [015] For each type of

equi prent or conponent there may be defined a enpirical service nodel. This
may be expressed in: algorithms; constants; perfornance i.ncl udi ng
2D per f or MAPA'YPR4¥s; and error codes. To facilitate |¥1(&13ﬁ%}8$4é“9f°ﬂ§
enpirical | earning, the service provider regularly explores data coll ected
and correl at es ltombticheokfifivdtion bfBé G eSaiveL QR Srvel N8 RRSttdafM@ndidid

repl acenents. Various data-m ning techni ques can be used. [016] Also to
facilitate enpirical |earning, the product nmanager will be authorized to

expl ore andotaf)l e to Ig:ateb}ﬂ:rtypd bf egipinpnest icompaientathére Ghay et defiddt herhfiscas ane vi ew

and with the sane SIS ooI s. The r can: vje ar arret over
Fe ™ Vi ow Barangedt o R M be S p AR iney Sisiaties perkirp g GRS,
cat egor i zedngladisggTeD gerfolmtintd ligfitat dnd tern@f ctﬁdeam'mbaiaaﬂim mcﬁbaam empnﬁa:aer ation

o Mai ntenance .0 n|to adacu d dat Q details

sur r oundi naeaé?:185 Ag%steé‘”cee% ﬁff‘g@ﬁst ‘gedeﬂ'rdocl?g%la "‘g%qm%g% ed on

t his, he cancidaxsetvems riﬁsyeaiogmndtrdspmmﬁmk p&rlﬁwdﬁanﬁmmgmhmuets oan beplseiTent i n
the data ysi s proces for the equi nt type. 017 Wii.le myltiple
enbodi nent ;?(}iéle di s lcﬁ) oécéflafelef“pgicﬁé‘?a%ﬂ?\%gapﬁﬁiﬁ%& efﬁ’él W&?&ﬁ&? nventi on
Wi || becone:xpppane able togatiRosleedipnlch® ebriall chdag vithithd §aﬁﬂ1vieh&nﬁ®hlﬂ1mm sage det ai | ed
descri ption, V\/m ch shows and describes illustrative enbodi nents of the

i nvention. JREYH F’Plsb DAY ¥, the invention is capable of nodifications
in various obvi ous R&RRErSovepfihe W t hout departing fromthe spirit and scope
of the present i pvention. ACCO{ dingly, the drawings and detailed
description af e Yo RIEMEEERYER8!988 | ustrative in nature and not

restrictive. B%ﬁ@ﬁg@@%@hmt@@wma@w] FIG 1 is a schenatic
bl ock di agram of one enbadi rrent of the systemof the present invention.
[019] FIG 2 is Puildstasigrcsdeom daafini ng t he steps involved in using the system
of FIG 1 to prodycglagmyiseful life analysis report and other mai ntenance
reconmendat i ons. [028}J FIG 3 is flow chart show ng howthe systemof FIG 1
is used to handle eration

o Maintenance
o Any other monitored and accumulaied data
- explore details surrounding accidents, events or incidents (e.g., brpken parts)

Based on this, he can develop new algorithms and performance limits to implement in the
data analysis processor for the equipment type.
[017] While multiple embodiments are disclosed, still other embodiments of the
present invention will become apparent to those skilled in the art from the following detailed
description, which shows and describes illustrative embodiments of the invention. As will be
realized, the invention is capable of modifications in various obvious aspects, all without
departing from the spirit and scope of the present invention. Accordingly, the drawings and
detailed description are to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[o18] 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.

{o20] FIG. 3 is flow chart showing how the system of FIG. 1 is used to handle

maintenance data.



mai nt enance data. 5 WD 2005/ 038613 PCT/ US2004/ 034016 [021] FIG 4a is a
representation of a screen display for an internet entry portal into a
conput er system using the subject invention. [022] FIG 4b is a
representation of a screen display for an interactive d i
comput er sYS88Rg the subject invention. [023] FI GW?ZEMA’:’%I?
representation of a screen display for an over-due or schedul ed naintenance
nodul e. [0Z021]FI G 4FIG. 4ssis a repepemaivn bbd jcfean oibplay focircierrmat sdy pyrtdl dno a
mai nt enance andt artts .ma&ualb.ngdul & used in a conputer systemusing the
subj ect i nvERLT oY S FO2ERE Bf &V 4e"Y P8 epresent ation of a screen display for
a data acqupza2jti on nElGufiteis atrébptsesthbnsf @ pecaatdisplyy dataa iderdctivs efaphsediid @ dat a
and is usedC in a:sCQtQHUtsiﬁgthﬁ\%’&m ldgi.nlg the subject invention. [0261 FIG 4f
is a represSAPat SR OF &5 Screan ai epPhy for a spare parts nodule used in a
conput er sy923m usi NFGt Ke issulepresdntation ehi saeen diQRY [forRinGvebduesorasciddaled
outlining amgitnpl E:Ji ecf]i’I Lonmponent useful life analysis based on a
t heoreti cal dﬁf“'ympr%?l Ilé and assuned operating conditions. [028] FIG 6 is a
chart outli[0op4lg a siFpl hiiied reposspostentof aseded dikpliyefoanahsistemnesandnpartkl G 5
based on an_actual g“té&'%%};i Iu%f asng act uaH1 0 ertati n@oncondi tions. [029] FIG
71s a grap'ﬁ?rggllmodllu ﬁfa;} &6rpat rnfﬁs ety ec%‘ﬁ‘lﬁ%r‘i%vﬁfl usage versus a
t heor et i cal [pesInponenFiGudadsea reprhdnkation pOBech|dGplaP fors: datgacgphitiommodulspl ay of
a conponent ,usage profile for a first . conponent. [031] Fl 9 I.s
gr aphi cal d?‘%tp’ﬁafls gqmém%gﬁtﬁ&ﬂ‘éﬁfefﬂéiﬁga%wg?Sluéedf 18ra[ %{’“&%{?&ﬁﬁtm&%ﬁgm .
[0321 FI G suGjettsm@ngpnaphi cal di splay of a conponent usage profile for a
third co nt, ich 1s planned. for replacement. [033] FI 11 is a
schemat | o ERBOK i aqri b « HORREH o0 GbbHr S APAY A abes, irsoghle Yooy s en
invention. {é&xbhteMHySemtiding sheauied tvbltiow di agr am showi ng certain data
processi ng onents of, the on-site-co ter of the temof FIG 11.
P0Ser R & TS 2" et hine bl AR e R roenor i BE BB B ocessi ng
conponent s dhedrétRalst p@okile bnddséamed bperating conditions. :

[028] FIG. 6 is a chart outlining a simplified component useful life analysis as in

FIG. 5 based on an actual duty profile and actual operating conditions.

[029] FIG. 7 is a graphical display comparing actual component usage versus a
theoretical component usage profile. ‘

[030] FIG. 8 is a graphical display of a component usagcl profile for a first
component.

[031] FIG. 9 is a graphical display of a component usage profile for a second
component.

[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.



[036] FIG 14 is a further data flow di agram showi ng certain data processing
conponents of the on-site-conputer of the systemof FIG 11. 6 WD

2005/ 038613 PCTI US2004/ 034016 [037] FIG 15 is a flow chart show ng the
steps invo ing the systemof FIG 11 to coll ze dat a.
[038] FIG ?629?5@9?6&%' e of typical paraneters neasured g‘%ﬁ%ggeg k%r a nud
punp. [039] FIG 17 shows in the upper part sonme constants that are used in
the cal culfes@jons ofFiGal%ihdloedthpdsdMpizakcstd thvbived iaising Wersygiah bf FIG abl e of

typi cal cal gyl at rs for a mud punp. [040] FIG 18 shows a table
cont ai ni ng ]ﬁ# lﬁ?ﬁaf‘gerﬁ‘ﬁ’ﬁ%éﬁ?or sone critical parameters. [041] FIG 19

shows a scr{ess] pri ntFIGOIE iatablen typicabyakfnewrd Measlredanddogzed fr sand piap. a nud
punp. [042] 0 sho scr.een print containin hart showi ng the fl ow
froma nud [0%‘{] np, WIESIE; \t,ﬁeg’lol”f)v%“p DtPRY Bya st C?TS%@?‘ %‘ 8431 F—SIG% mMHeis a
screen pri nhlcclanémi ofi daBulated parameehomidnig thd vk Sear @ble pfagsicdl ealctlagd r i but i on
in a mud punp ([:;ew%fst t e rotational speed of the punp. [0441 FIG 22 shows

an exanpl e B TAFY PEM or mance chart for a mud punp, showi ng the
di stributi qo4nf the FIGNR shbwh b BbleicOmaining 4o Jlindt v@ue2Br aﬂmvmnealgmaerspri nt

containin har t t runni ng hours 046] FI 24 shows
a screen gr[ﬁ% Cont;é-[ﬁi'ﬂf W&ﬁé?‘?end‘mﬁ%tal?%a&?q%wﬁlhngﬁﬁ’ e M39e LRor t

M nut e- by - rinyhugnp. [ 047] FIG 25 shows a plot of the torque of two notors A
and B runni Q%]t he p

period of tine start a 0 and how ng
that at 02:19%l5 fa|I eziﬁ‘of”ﬁésﬁﬁ‘??pprmbﬁ‘@ﬁ‘ml%ac %‘]"gﬁ é"%ﬁ‘é’ E‘Wb@\E‘" tabl e
t hat enbodimmpawhiethe BbwdicitedBAmisORa. performance limts. DETAILED
DESCRI PTI Equi p n Desi gn And Co onent Life, [,049] Wen
cophi St cat@lequr prii 21 & BESTg et CONDTEE F obL P e Bt Rg
pl anned useditibdtioh &  id puit) R¥iast el rotalici) Péedbtheptmpt . I n reality, the
desi gn rrust ke in ﬁfnSI derati on the useful life of a_vari ec{]é
conmponent s. np%[ﬁ; Shaws A expraple of pityplgal pesformanse ghart for @ myd,a4mp,; o
usual |y USG@i]Uthlnlglt]'feQi1§ﬂﬁiuﬁoraMahdIﬁﬂﬂ‘l}ﬂ]tﬂﬁdﬁa’h.a manuf acturer or ot her source that

[045] FIG. 23 shows a screen print containing a chart of the running hours of a mud
pump.
[046] FIG. 24 shows a screen print containing  chart of the use of a mud pump with

reports minute-by-minute.

[047] FIG. 25 shows a plot of the torque of two motors A and B running the pump
for a period of time starting at 01:00 and showing that at 02:15 a failure of the pump
occurred.

[048] FIG. 26 shows a table that embodies a set of 2-dimensional performance
limits.

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



has actual test data on useful |ife and/or theoretical projections that are
derived fromactual wuseful |ife data. Typically, the useful life is
specified for one or nore defined, assumed operating conditions. An
operating condition may be specified in terns of a rat peed or
| oad, and WOPMRAP ation for experiencing that speed g"rcﬁ'ggégma%ﬁ/l%r a

di stance for 7 WD 2005/038613 PCT/ US2004/ 034016 maintaining the rate of
wor k, but magin@inig thecdteide vkl ut ARl iNGudobdért dperiting Stwliticas, such as

environnmental. facto hat, mray affect ful life, .e.qg., operatin

t enper at ur ee,““ﬁ?i‘meafa{ ?f‘,cgorsc i Hé?’ \féoto‘r‘se%gﬁq’ Cifr TR UPE g%fa%rﬁ’ﬁlﬁlqlﬁl%r etical
useful |ifeochbiived ctqanRoRRE ptesaie! The eheoRE&dl NBGuIOFe fat & BemEdaLt dndange May t hen
be expressed in termts of honuors, da&;s gr_ ot her_  extend éri isrg)terval.

Typi cal I'y @SYEAPPERIRE LOUIOGT FEH S Neh BrickyesHl e fofBL £F BPUPoS> S UsE  or

gt helr opgr ]gb;tem@edqmiuditn_temn ST);?pﬁbauﬁgkﬂhh bd Jeiegﬂ/griiﬂhs Btewanpathd aﬁellceoi( lgﬁd, _rgpe;g be

evel oped from existing data an egretical qr enpirica erive

fornul as) &% Oéheﬁlé?g?r_@tr‘f‘gg%i“%@?nslw wgipb litg ngt bfhgepably &t@%gber%elﬂ%e@d%?% be
performed teisafd adh abdthacetivaBbeeniigdally dbiifee fokafufasf &7 a designofRnNeRtsomyhat ever

t he source,, e%gl pment desi nc?rsbt |caIcL have reli abl e_td“gt& thtat shows the
rel ati onshi PHEEASHY TRYGES & boBETOmPhd EEMIR AHE P iie raron?

repetiti onsoftpondnt € SRhALSBHHE | sOMGe, HAGipBR desighdld typichBy @iveareGaiPpamenhatt hat

that may be sel ected i rhithe original_  design. OSO%mEhe .useful life _problem
is not par teHf BF Fsatignstin Retveen gRse of Gerite codfoshanddurag R oTIERsionsitione or a
smal | nunbefes@fcod@@Rs ahdthaubefithidd of Scorpdfint GaNGAARIyHel soldctedBidt thé BrigifQNP| eX
systens that carry out different operations, the useful life is nore
difficult t%%8¥et ernine. One techni que known by equi pment designers is to
define a dybyojpr of i | Bhe WeRlUlifé pradledd isl Bt FRUNES drBELIEWRenODGIM Eanifonédiat t he
equi pnment w Il perform and deter 'nO(Es ich are _thge ke)r/‘ ,&Fgrapon ts that are
i nvol ved i rPPERERE Ghat%all Bﬁmélh&“rﬁ rasfesyfs) 411 et e li YA Hdfion. A
dut%/ lor o:‘ i :c@masf&x $Iere e It :ccb@ﬂ oﬁ@&iff@z@nﬁ%ﬂé&@i&@d tl(e?ﬁseﬂﬁﬁifeg ]tfb lgxlefel ah'ffa;\in_rtaLI

usefu i of ,a piece of equipnment, For exanple, the follow ng t
define a dutsFp6f E\“%tef’}éﬂl‘_‘-"&?m%‘gﬂ W‘P&%‘t‘@ﬂﬂ?&a‘a t‘b‘?fﬁ&‘?\a SW §ﬁee %Hw
platform Gasfile NefineSREtant bRfhtidnsRAA I A@RMheht wilfpehiai thdRletéfmihés WRIEK he t ONS
anchor from sea bottom 2 Payout 4000 ft of chain wi th anchor on work boat 3

( . h an .
| nhaul 4000¢ £eXororgiensnis tirt 4 dvekert inggackeperation apd hovpihpy il dodoedk in B wi re

rope W th aienasn. 0B e foRRaay be defthiBdd foBMPDEkpbdtedfor @ERINNoM) RerdinaRal; ONn work
boat 6 Anchor setting on chain_(300 ft + 100 ft) . } .
life of a piece of equipment. For example, the following might define a duty profile for a

mooring system used on an offshore oil platform:

Case No. Operation

1 Raise 4000 ft of chain plus 10 metric tons anchor from sea bottom
2 Payout 4000 ft of chain with anchor on work boat

3 Inhaul 4000 ft of chain with anchor on work boat

4 Payout 8000 ft of wire rope with anchor on work boat

5 Inhanl 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




7 Anchor setting on wire rope (500 ft + 100 ft)
chain 8 WD 2005/ 038613 PCTI US2004/ 034016 9 400 ft
rope (051] This duty cycle mght be defined for an overal

years with six ves per year and twelve rig excur
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equi pnent perforns and,

in any given time interval,

8 200 ft

e described int
what

ri g excursion on
rig excursion on wre
design life of 25

SRl (02

proportioq
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det er m ne vaaipmismywill Epaf@ning cfol operlagish, or B b stion. BRA Forayesdne)the folbwing S,

beari ngs,
condi ti ons

bt AR Eh fosh

e involved in each case and what operating
each of the key conponents in each usage case.

Most conpo
at differel

NEfké Fuldtioh be 1 nvolved in no
nt operating conditions for

F & Usap one case and may be o
ifferent cases. This pernmts

ﬁ

er at ed
t he

conput at i
assunmed du

rBain Hdireugluty profile require
ty profile and the overall de

Temts for each conponent for
s5ign |ife. The designer

can th

t he
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ostdewin useful |ife char
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ty cvcle for at least the av

br al |

design Iif
t he over al

eBoohrsvdrereacedereting t he avail ab
deqmlLI pr and_a conponen

)
may he selected_that

conponents may not exact! )

fit

Boom swing - running

9

Boom swing - decelerating

3

Main fall hoist up

7

Main fall hoist down

3

Auxiliary fall hoist up

18.

Auxiliary fall hoist down

7

Whip fall hoist up

7.5

Whip fall hoist down

7.5

Idle

20

[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

9



9 WD 2005/ 038613 PCT/ US2004/ 034016 is determined to have a useful life
under the assuned duty profile that exceeds the overall design life. In
ot her cases a conponent may not be avail able or may be cost prohibitive if

it must neet _the gverall design |ife wthout replace case,
conponent Wg)ezln?ﬁ 038¢1# ¢ under the assuned duty profil e%&lg@ﬁo‘@g*@ssumd
operating conditions) may be calculated and replacement of such conponent
at intervalis delexhriuied tb haveoy avedil lifdigibhe hishfleddity bﬁéﬁw hiRekeds {h9Adraltovever ,

t he act ual onditions for the equip

severe thanCIO F‘ F{? ?‘3 tﬁ?rﬁqugcgggmtdnafyd}ot ?"’h"é’a’g”fipe rr‘i"a%’ bB@E?tQFP%‘bF—‘B’F ’%'Itle owner
or oper at ormgf medthie: @ﬂtﬁﬂlm&ﬁgﬂ lzfetvhthSuthéﬁl‘laélﬂMﬁrﬁithisrméel ﬁaérh 8nt u&ﬁhlﬂgengnce on
conponent s e re oone ater than ori e one
conponent s L?'ﬁ%tt qEﬁo‘[ %Eéﬁﬁh@afuﬁlag ISPRTS QPeTalRg Fﬂ“@ 5@%&%‘@%% desi gn
life will rﬁﬂbﬁp[a@eﬂﬁitﬂﬁs@&ﬂmﬁ)oﬂﬁﬂﬁtﬁntéﬂﬂﬂs gli#ny tHeroRérhll @sefis lifiaf be Sladed.e t hat
the duty pr@%ile us int |naI desi is much better to perform

such mai nt'@fdnce on"&<Sth lﬁc ppgeafing pqng °5‘Sttlof theyequipment may B et o oy

mai Nt enanc ges 8&&teQhan the dteprofiiedsdumed foptha raﬂgﬁial aésﬁ@u ot the oWh@ odbpetdi® ot qui prrent
(whi ch rrust oW, be '?h r upt ed). O{ to h an e Rgent failure. . The latter

may i nvol vel§ RIUWRmPG thigy Basegrera dmelisionsy e“?ﬁcﬁto g°6’ QrentsyRySFJeIEEd of use
of t Ihe egumaambr lafe® thah offgifdllynidnhed] sSoafe ogﬂlgcsreﬁns Itlﬁgwéllalrﬁmt sxpwat ﬁoQﬂlu]ErEIC: ude
Sln’p y opserving eq ment ratlon and I nterve ear al |l ure or
failure bech%tE'%BEFséFg‘ﬁﬁlFe des%&ﬁ?‘éer Wﬂltris%”érleﬁna‘“t‘?%“@o resﬁhf" Htty pé‘?f ¢ W¥hRsor may
be used to @edretdat mieemtya@oﬂewsmrme @Iﬂgrﬂ%!)ﬂﬁfgtn i16 isn@adh betrad topeFornesigh ,

because it deforns or g Leﬁz’ great han nor mal eratl n% forces or its
char act er i STRIRENAGENA drfcheduled baggtharsih sy ‘?HBBE‘CW%R?Y BRI SATEAShEE unti |

needed, bUtm1dEthf?¥ﬁaﬁ‘ﬁ)ﬂ p@ddﬁ@w%&d&ftthd dquiBHibkit PRREE mbe hHg b RdrabeE) dréo Bavpoi Nt of
failure or near-tail ure where i medl ate, unpl anned errergencilhﬁsto page is

requi red. BN BYBMGRAYIEE BhedRist mepREAYS SHury GSéTmﬂﬂQéabﬁ“égs & on

attenpts t%@@@qg@opﬁse@v%qqﬁﬁﬁéhtunpl anned interventions and to perform on
a planned basis conponent replacenent, even in situations where the duty

profile in Q88lual uskast methodsial addiessing fhis sityation ifclndp spply ebseryiag caHPMA.

original  dgsiafén fd lhdaﬁreﬂx%méﬂ a H&uetditlirel o Ffflure[ YeBohles obfervablel ARmaGRH AL C
bl ock diagramindjcatin e elenments of a data acqui'sition and nanagenent

systemin aBcomEsifaEoR ¢ W“ﬁ%énﬁ’r'?s%*ﬁ@ tq drichivhemhan soiRmesy SPTaRATPY 15 ¢ ended t o

manage cowp@imategeséﬁﬁs%nﬁ%fomg PRI SBIE thiif HSme oﬁé}hﬁxﬁ%&hs of ki |
shows a crane 300 and a W nch or noori ng_ system 400 as exanpl es; other types

of equi pmentharagiERptinhpaenvisgrhaRgs | ushrmedpdsey ﬁfﬁrﬂmlﬁt&gans%uﬁlfdma@%a B t he

system they may also result in equipment being operated to a point of failure or near-failure, where
immediate, unplanned emergency stoppage is required.

B. Overview Of Present Invention
[056] The present invention attempts to reduce or avoid such unplanned

interventions and to perform on a planned basis component rcplacemenit, even in situations
where the duty profile in actual use is quite far from the duty profile used in the original
design of the overall useful life.

[057] HFG. 1 is a schematic block diagram indicating the elements of a data
acquisition and management system in accordance with the present invention. This system is
intended to manage component replacement for one or more items of equipment. FIG. 1
shows a crane 300 and a winch or mooring systern 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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[058] As will becone apparent fromthe follow ng discussion, the system
nonitors and collects data from operations perfornmed by the equi pnent, Mre
speci fi caI ly, the system 10 WD 20051038613 PCT/ US2004/ 034016 nonitors and
col l ects he operations performed by individ s that
conprise t (%)%8'?;230?’%2% equi pnment. The systemis able to ﬁow%ﬂa%?@g% i me"
access to operations of the equipnent and its conponents. The system aI | ows
di rect conpasitesmndfcollentst detd fropetﬂlatobarqiommpdfminemay émb‘édliaémlapbnbmsttm

equi pnent t th [ I et u f|| C i.gek

desi gners % g‘ u&)e‘[r%gn‘:tqhg%%ét slrﬁé? é&aﬁs ?ﬁ ﬁ%ﬁdezgljaitﬁhg& daqf'%ger ences

bet ween t he:opaxatmm!of _almdewtpa@nteandoal cochponentsr Ghe byseem aﬂMldecu qefnprmmat iobn

et 1t enance AL S Ron iR WERka T By e byl &) 6E iR ASAGLREY, T

anount of qu;iwe:rmtsldazrsfébulthel defsignax IoﬁtlmteqnipmsntofTheIsa&temwen then j analyzentbe when
operating c I s system
i ncl udes a dg%o}mmnfﬁ? getgi&%ﬁh%ﬁ%t&a? lﬁ% gﬁc& Qlﬁ? %m'%?es &Qm%‘?%ﬂa% \%\?W%?ngn out put
devi ce 22 (tbeiofigizd campenent wefnl hfedar@emmnmetndrselmdde meiragence acemrdinglal T89. The

systemfurthr L n i WO
sensor data” FIHI?%%\J'}%%%?IV sg%c??%ﬁgké%@% O%%Eéfgrﬁp? n(%%see\%mﬁhc Xﬁalét?d ass%dlb%[ each
wi th cor r g hdimgwmn dpemplire eedidar dataipetlisct8D2, 402 (for sinplicity, only

t hree i nput re sho [.an an 4 I h many
nor e sensor@sﬁoul d b)gpsqoacé%%g('r?\hfﬁl sgsé‘%ﬁ?"ﬁﬁg ?O%m rn%\%{]o chﬁorgtlg?géjgat are
associ at ed qminphtepastbincﬂlﬂlmm anawpandavics 22 (sdckt &seu pnnteo)mdatmarlgerpmeam’ams W t hin
crane 300 ndW| h 40 0 T. uter 4 u . e 100 with
anoper ati N gaREn T8 duertrber ERES b B SR AL HEE BBl S50 3 Yo
applicati omnmfdamahmkslzm (the:rappIiOOQ;amndOftﬂ)s (fdr2©nﬂmhvastamcé@® eachawht abase

200 incl udin peratln n ons Ofl £s 220,
manual s/ mai n?re ﬁlfl FRErT o "ﬁp 9 &hgﬂ)fﬁ“&ge Hgon%y &eF hiitn ?é(% S@EIIS“ as wel |
as ot her datlaof Ioahe Bﬂyamlbwmhdoayalmb@hwmyaﬁore[seﬁbis chnk eopiaeedi @athe ons

xcaggn‘;“gu%%%ﬁz LT B ST SR RGP CH B
a communi cadpenring pardmeldds withie caonfiftand witdh 400, | nt erconnected to the _

TR e eSS kel Tt SN REBHS HEGE, P ap eI o ! o
may use a bromasmicatiohs m@ﬁleﬂ devieds K0} ad apyiaatidne sbftwnre (30D UThe rapglidaticat e
0SS AT D5 S, SRR BRIl 20

2 gﬁi 8;;3:] ?t OfrHINANZR0, indnakSekifendhd® iAOmMalibe230indederiag infértaticrei0; dsi wall"as

other data that may be used by the system.

[061] The communications management devices 110 communicate with a
communication network 10 (which may be a public data netvs}ork such as the Internet or a
private network) via a communication link 12. The computer 40 is interconnected to the
maintenance manager terminal 30 and the output device 20 via communication links 22 and
32, respectively. The operator/owner terminals 50, 52, which may use a browser to access a
web site supported on computer 40, are interconnected to the communication network 10 via
communication links 24 and 26, respectively. The equipment operator/owner terminals 50,
52 allow the operator/fowner to access via an Internet portal the “real-time” equipment
operation and maintenance 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.

11



operation and mai ntenance 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. 11 WD 2005/ 038613
PCT/ US2004/ 034016 1062] Sensor inputs 302 are |ocated on the ne 300 to
moni t or op¥PAPIHFELEdnditions in key conponents such aquTﬁlészgq“&ﬁ%hﬁg beari ng,
container ring bearing, w nches, boom etc. For exanple, in the context of

the crane 3§i; the SRARAMphiHBOY de %Qﬁemnqmcmﬁ%b@%ommemn e&mu%nssensor
for measuring radi al boomd spl acenent; a boom angl e sensor % Oy

i ncl i nonet & FevtompaaeatisEchsdhs sleiing h@“ﬂ%@ﬁ‘l‘t&‘é@ﬁﬁﬁt arififd WHEBTH '?m@ é’§ and a

| oad sensolkof YamplEEASHE Edtebxt BEthS e S0l mefsélﬁorha@kdﬁnrﬁfrgﬁuﬁ&xwee A ng the
crane geonetry, tphe system. conyerts the reading fromthe |oad sensor into

an equi val éREIe |seuar rf@f grasiries rasigl ehom@. fispleeepent; dt R gIBe SR Ee-Sthi | ar |l y,

sensor i Npychinffderficind A58 b&Hn ﬁmlaemespt%éﬁ&hts%@bédﬁl ARIRELAA 2 1R SERLS 188
conditions in key conponents such as the drum drum bear i ngs,. |evelw nd,

etc. [ 063[MeFRENE dhrs SiFain i thesbasliog suerure Gkrowinsc e <T395 SCARPRY BOAYHYM on dat a

to their LERRAE HeEadhRERM: (AR dehidk Sutd Ut equikdtbnt fgbﬁnieﬁﬁn@&d{éﬁ%ﬁclé bhks 304,
404 forward the operating condition data to the to the conputer 40 via the

conmuni cat isefinenkaepRmetRileby senser ippos AR arerecaiedrasutbe ity {H0aor menitor

conmuni cat 'oBé}a c‘AHJlﬁonjs% kéy%oﬂﬁ&eﬁ@@&ﬁ'aﬁﬁ@&mmt E':‘ﬁm%%ﬂﬁ%ﬁ 1€l@fvangd, klcnks 304, 404
use existin s on the equi pment and suppl enent al %ramﬂ ng on the

PLC's to geig‘ﬁ’ér dat alhers§Rsor s eiid 002 ¢mumEIcals oPewtins c opdftion iatagto; Beif or mat t ed
using XM Q&sp@etive 'séﬁ'sér"%fata%nﬁ@mr god AR std:ene idkedod qo@for§5l§rtfedoﬁé'fam(%‘ a PC or

ot her processor progranmmed and configured to use TCP/ 1P or ot her ta
transm ssi AN dstagp dhety thecampuiert40cia the ¢ananynirations gnregseat desifesndfibr k 10 to

comput er 4Que JfiRiter 4B Qnaeﬂbl 'c@rﬂﬁﬂﬁlca%gp 'netalg& f@ﬁn%e e%@&lﬁlgm e Biser 8diPm even

great distances away from the conputer . ﬁp ications 120 receive
and store tigks 3Qfc 4 W%Eb?&ﬂ@lg%@?ﬁcmﬂ@@mtda@ aunp mepiel BpErREmINgPcBhdi ti ons

data files ppiQ t'o thEEH%ta @§§15{%%ts-56ﬁ BperRl bgssaReidd 18[{}? EaLard s t hen

avail abl e for an sis, including ‘furt Wgrocessmg so th it m
conpar ed t ¢imaihd sratl afd thenjtranymitiad tcgrshedith aBror aerapracessee plogRETIsy aphe dut y

profiles 2 e i i i N G 2.
[064] FIG %gmf?gz:&g 81!1 s?c i ag?ka%rtlhigr %agést rati g:ggtp? %b%?so%eg%g@ﬁ%%gwggg{ut ed by

the appli @amrrxyn@atmmeworlhw wsqeapnter 0. t Hasope pquinnpegt 3¢ 494 men belkacatedind t he
duty profil&gote BEMOLRA tgﬁ@t dl.@&{nlggs?%éf/ ®3M, faec ?elljh@dThetJ??hd’aﬁbrﬁvlﬁﬁgecg% y

profiles 220 fromthe o6riglina n and a data used
anal yze coripdpterstthe inesming pi:efr@maﬁd@htmalataomﬂw@p@rnm qqulé@miiataufé%élﬂmmt be

| oaded. Thl Eliﬁézb%sé %%OC g?[geg!éﬂé?gt@g 8@4(%&1’1? an lIl&S anﬂtaﬂg ?l‘p &Qt 1'1’191@&3&% 20. As

shown in egi ns vm a start vstate 1202. VWhen
t he proces §u11}@ggrop@§smg so that it may be compared to and utilized in the componcnt wear models

defined by the duty profiles 220, as explained in the following discussion directed to FIG. 2.

[o64] FIG. 2 is a logic diagram illustrating the processes 1200 executed by the
applications 120 with respect to the operating condition data and the duty profiles. Before the
process can be executed, the relevant duty profiles 220 from the original design and any
supporting data used to analyze component useful life under various operating conditions
must be loaded. This data is coordinated with and used by the applioatioﬁs 120. As shown in
FIG. 2, the process 1200 begins with a start/wait state 1202. When the process 1200 is
initiated, it inquires whether new operating condition data is present 1204 (i.e., whether new
operating condition data has been received from the sensor inputs 302, 402). If the new
operating condition data is not present, then the process 1200 determines whether a sensor
status check is needed 1206, This check is performed to determine whether or not the failure

to receive new operating condition data is the result of a malfunctioning sensor. If a sensor
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initiated, it inquires whether new operating condition data is present 1204
(i.e., whether new operating condition data has been received fromthe
sensor inputs 302, 402). If the new operating condition data is not

present, then rocess 1200 determ nes whether a se check is
needed 120@&’*@@8@%& is perforned to determ ne whet R%&/ﬁﬁé@%ﬂﬁﬁe failure
to receive new operating condition data is the result of a nmalfunctioning
sensor. |f sansehedis nebded/\Dei? (0 p/8 6308 PRI/ S2QekoPIARIheckdnd kdpdrictieck i s

needed, then rocess 1200 perforns the sensqr status check and reports
the resul trc?%ggqé?%%c?"ﬁséé?gr‘?t\‘f@%tofﬂé"tsﬁ’r“ﬁ"éa‘ttrﬁo 1%t art/wait mode 1202.
[065] |f thessyr ocessIf kROProdesk €Ar00 dasrrditda tthat M€ is fiew Speratp@r@hditign dawdi ti on
data present 12,&2@& hertlléet he new oper at.i. ngdconditi.o d%t‘_a IEFF % cei 'X‘ed and
stored 1210PFsnt (8% SN ey GRqralioE conaitiny dai s 1P eeds 091998 {Aeh"d¥ er mi nes
whet her a rgabmtsi dambaealPsi The precideSL00 therp daS@iities fvatietiche requinenantysit212. | f
not, then the process 1200 determ.nhes_whether a sc d,.periodic

anal ysi s i sre‘éli?g[ 19 BFF%nt f%)f 9158%%?%“%2- Kmai ep gmip’éocﬁsﬁg?&f%geﬁmwﬁsew 93}2?5855 1200
retur Irls tOﬁ‘ch@lu%ﬂ,@?ﬁéd&ﬁ%ﬁa}lﬁﬁﬁ@u&?@_ﬂk Iff fo ﬁeh@ii@@faﬁ@i}?ﬁﬁu&,ﬁ%nyﬁé IsrojteSs oe (forf
exanpl e, the en a_ define oring. per,iod for a particular, piece o
equi pment , EHEY e saggai %@sﬂ?mﬁfﬁ’ﬁpﬂ@&aa{m‘i’%s ’ﬁrd'é"s@?fte??m?lﬁéﬁe efnfc}e?l?ﬁrocess
1200 access@$inddvofiRER@bERY foph Partibdd éﬂaaé ar équipntch® sipardsiacday aweekj e Of

equi pnrent and ,?reg%rebi‘ t he operiéigg ata for co a%:g)sgﬁ nd, anal.ysi s 1216.
[066] 11 1 ey BEseD: hobBe gisbes iadeesiis e ape-eie SPRfonRia ToPEPrLsAE S | 5
present f oriten éTRq@fteRARNbrepaidshe dpbRafing dad o REPEFon 2 hnAlyeiceRds directly to
access the ogerati ng..condition data for the equi p}r{%nt and ,rel%ar e§
operating d2b8l for cBriarPeesh 208 gdetaminegdhad a feat-Eme ppadysisegResids PESRIHIY hen
accesses 1 e etipment DA12] tBerf 8¢ plobtes BV bRBRDY diRddly LhEGKShE Sferdiil BéranACE
updates 1218 that may have recently occurred and that may affect duty
profile anaf¥fisiosthe eqfigmppt Jud preraronrperatandaiior GrRRAEhPArIPaStS T8 ysi s of

the oper at i }geesPTIBOth@NacBkRAbed thed @Ry Potilet DLthel ehvipRERTahd BhebBY fof hRinsikicpENt
1220. [067] As described in section D of this specification, the duty

profile is {Pdtes &4181that mavhave seoeniysqogiirep ape dak may gtfeed a fubygprefile aaplyss~ ¢ he

original COIMROREIEES 100CkhED ptRX@Y Bdinrisdnh@arQhth GAbSf the ipblatind Eadition deach key
conponent under assumed_operating USﬁge cases and operating conditions. The

d
duty profi | a5dhe by prelllg derdhesisePRertdd2tondi ti ons, and the conponent useful

life data tjogt) were AsaekaRBIIAR Sectibn DR 18d iBtiNadtioAlaRd Bty pAtiR: i Pyt 8f thed duri ng
conpari son and anal ysis ste@i1220 to make adjustnents to cggponent usef ul
r \f

life predi cPiBhsesianBrogisy 280 it dsdoRdiels! Hai titsamhrrEPram end 4¢ idereldope act ual
operating caadéichioneftidlife RRacPREcolpbRAl Bfler LRAGREd bHRathiAEA% ScaledOAdt hen
determ nes whet her critical useful |ife results are ., .
operating conditions. The duty profile and its assumed operating conditions, and the
component useful life data that were assumptions in the original design, are revisited during
comparison and analysis step 1220 to make adjustments to component useful life predictions
and any corresponding maintenance plans, after some actual operating condition data has
been gathered. '
[068] The process 1200 then determines whether critical useful life results are
present for any component 1222 (i.e., whether any component has reached, or will soon reach
{is within a critical range of), the end of its useful life and require maintenance or
replacement immediately). If not, the process 1200 prepares useful life results and schedules
planned service 1224, This includes preparing electronic and/or paper reports on operating
conditions, useful life and recommended long and short term maintenance plans 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
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present for any conponent 1222 (i.e., whether any conponent has reached, or
wll soon reach (is within a critical range of), the end of its useful life
and require nmaintenance or replacenent imediately). If not, the process

1200 pr ep;&,g%g@oﬁéaél life results and schedul es pl anneﬁcﬁﬁ{zﬁ&%@o}g%' Thi s

i ncl udes ectroni ¢ and/ or paper reports on opé I'ng~ conditions,
useful |life and recomended | ong and short term mai nt enance pl ans by
conponent . wlefsiclifed e chroces H206 nhdi defepitlesTRlctle astogsradrad aspeomphien@rpunt of
the theoretical ful life consunmed |s W thi repl acenent range, of the
s ust ed RITRAIEEE e\ GORT Rages tscrieegha 5B B PR seh BR 4R fe. ' The
process 12Qfquthdor adraotitanE228ub eehtipMeit @watitperatl afd ynyCEumpaievel\ad iis

ecified, the

specified 1226. If auto der is not s rocess 1200 sends a
o anned et R, Hhldrls Bt Bgmeid HasmveSeeh erarn dehe
owner / oper FIf e aatachrden ys @atfifiéd';‘fﬁhei piveeisViedo hifangépiiont@pnats Resevdbedned lﬁ?d S )
ronpts rel evan rsonnel t ace necessary conpgonen : the auto
(F;r dg}rj i's sﬁgwp?qtaég,orﬂ@t%%?gg Be Ii?%ﬁ"%ﬁ%@é“f%@@ﬁﬁsﬁh?@hﬁggio be obt ai ned
anﬁ ds Ihi pggg%@ndog orxf Iﬂi&ipfﬁcﬁﬂalIIO@détﬁm?ng tget(rjd‘rmmsbfﬁlarfe ﬁ:sﬂ;&&i@fp@&t}fef at fedI
schedul e : t he proc : et er m nes critical ..usefu
life resul tcgma?‘{fmp’%é%’ th?n ‘E'E)Pl%ﬁess i@ﬁﬂﬁﬂ%fﬂ&"ﬁb@, a"tellfB‘?iit‘tf’%éaSBr(&E'eg’é“aﬂ%bo i ssues
a report Oneraiina®OeH; faC nleas s back t6 sensdd-damilinkd 304, 4085 mdheludemégency ax;
nmessages back,to %%‘onr data |inks 304, 40@) .and schegul S herre{agenq
service 1238V§§ & Et EOMRTSh VY MMANERACE LR PETSHRICS o e o AR
gqui Ement d@meﬂcsd deﬁpﬁ.l’ &Ia@f)rocégh?(]@rt%%ﬁngkgﬁﬁ céiipheiRts foaj%gfb&f nfegmnd:mm@ement s to
e obtaine shi ppe n r mai ntenance to he perfaor er_a
oyt o gendPare SRRt 1 HoBBOmDDf SETs erpgisd SHaNe AR 6 PREsS
rTrEi nt enancelzb@gleﬁ @;ﬁdﬁfeﬁi thehas@chafse 16%@«{:&9@&}1 oﬁfthe&qmgd f’*‘{?ﬁ%ﬂm‘% %%?a%ﬁ% é234.
e process then r rns to t start/wait e :
il ugt r at eslég'pﬁlﬁ’c?é%cgssllgé(gthf’%}:emé‘?ﬁt%&?ﬁt@“)ﬁ‘ﬁit ﬁ’t"@%}fﬁge information into the
system Maifor@nance mEan3 afusesds ausekisl1300 foLel@ip uianitdnans inosiktian néthacenent
conponent. is inserted into %fhe arlg'al ,)[(si S. This is because a new conponent
has no past®8fBr J{ANTARG IR £Hem Lseluf dite computaions whep a Jepjgcgmens campongnt gy,
conponent n@ried infBtie NtysiBATRs 3 bhcdubed MM colpeRnChds 38Ipast Uit chididnsinder t he
assuned operating.conditions. [0711 The process 1300 initjalizes Lh?
mai nt enance® Py ogé‘%glﬂto&h ggﬁi"}b FOmMROBFHE MY, PLIRH HOY S 2 d#ffée“b%{?@g%a 1300

then awai t susgrar lifo dhder e aSRREd SlerdliB fndifissice reports for equi pnent 1304,
e.g., Input f{omter inals 50 %2, | f..mai ptenance is Iogge by the
owner / oper 3061 or £ rBf PEFFF nki003iitiakizes dB“gé’&F‘“B?/“aB‘ﬁ?eﬂ%t ¢ o FHEPESPt em of

FIG 1. [O7:23hfigdpRioRn S The priidbhs N800 thed@bvaity PeRGlic WBEdia malfdiaktd porBACE | Og
data is present 1306. If pot, then the process 1300 continues to t%V\B.It
e

mai nt enanceeq}l@%?tt 3q40 &g h@put from terminals 50, 52 if maintenance is logged by
owner/operator or from terminal 30 if logged by operators of the system of FIG. 1.

[072] The process 1300 next determines whether new maintenance log data is
present 1306. If not, then the process 1300 continues to await mainten:ance reports for the
equipment 1304. If new maintenance log data is present, then the process 1300 stores the
maintenance log data with the referenced components in a particular equipment configuration
for which maintenance has been performed 1308.

[073] The process 1300 then determines if maintenance log data affects any
component useful life data 1310. If no, then the process again awaits maintenance reports for
the equipment 1304. If the maintenance log data does affect any component useful life data,
then the process 1300 updates the component useful life 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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equi pnent 1304. If new maintenance |og data is present, then the process
1300 stores the nmaintenance |og data with the referenced conponents in a
particul ar equi pnent configuration for which nmai ntenance has been perforned
1308. [073 The rocess 1300 then determnes if nai nten&glggszlo 3ﬂﬁ‘§a affects
any compoéi®YS8Hhl 1ife data 1310. If no, then the process SR h awaits
mai nt enance reports for the equipnent 1304. If the maintenance | og data
does affect any conponent useful life data, then the process 1300 updates

t he conponent useful life_dat an) rofiles to reflect
the maintenance 1312, i ncFugf’%ﬁ ‘p‘g?gﬁ%’lea‘;%ﬁﬁ%@ F%&lr?grrponent useful life
dat a fil es.[o74lhe prohkear chdinichenheagp@iatorawadr malmtinmice etsomel, epaedvief or t he

equi prent 1304. 14 WD 2005/ 03861 PCT/é‘P?aEZSOOM 33 Q16 Feat ures Accessi bl e
Via The | ntBPHET MBAPSESS ROPAP™ 0R- 1R S dhrdBiainRte it 0P HiS RPEPLIFERpRe

mai nt enancesypeins exielan mten&erpéttﬂe(sed)ml 4lgrtharey db@l@ﬁﬁislri lem&ditdr efdtdn- | | ne
via the Internet. In d& %g 1&' qp nacce%ﬁ t he aistementers an

| nt er net po‘tnf‘gl’orftg’éé‘taﬁ 7l g '?asf’ gotqegl P TP PR, BOMAL Prov e aFoss

i ncorgor ati ﬂagmﬁdlﬂdiq&hdmmigbmbtaé%du@h&ﬁ%@haﬁﬁ Gt g6 tsystem. TTie maﬁés};afe pﬁrtﬁl
provi des access es rtaini to_the equi pnent associated wth the
syst em Theacﬁ?f&'meé’éa ‘gﬁgﬁc%"d ign it f\r‘;ig 3y ) hPleﬂ)‘Fg“?{gWS&‘é? R e 59 any of
t he equi prenmt or@Ssdediaieftd thai thétiuled @nciids taefﬂmﬂteﬂaﬂc@med@amdmﬁeﬁ&me bitepaiedul es

i ncl ude a nalntenance nmodul e, a nalntenance manual s nodul e, a
data | og moduals moduls,pa dats Log modplgy g spare By ragqu }?qg‘?aa;)%‘?‘ﬂf“ﬂnﬁ’&l Fagiqn e

nodul e. [ 07&bddie) one enbodi nent, the operator/owner wll be able to access

on-line an _interactjve map of the world part e world,
D11 ust rat oW FI G IonerBboRipe the oPapeRp iR with S b nie Breet nathe an

owner / oper ainefactiveefithh PMMBtwolidak pad 6f me%na JBNAgaseNin BYG. 4be The Yisupanll
Cicking on_ the desired Iocatl on or ui %menttnﬁﬁrovi des the owneré erator,

0
based on tH@Yshf &epfigns of ﬁlﬁd%w"eé(eﬁeé@%r FOPAEHRf AT S096 AP PEE R RN each

pi ece of eq@mpﬂiem:thclqnfbﬂ (13 ﬂ@irhd/lbbatl,onar & ptrRif pE@aldes dysm;@@bia;br,@a@atoﬁd bar
menu, based, on Each er/ oper at qU| is dis |%(ed acr oss

|
Thet on 2 By e e vide, P cioc e oS AEE dita for fichudiet®, OF EMRE o o

for each pi gnanm‘ve@qm@fmﬁied a’ﬁam&mw@mmaadar BRn; b8ded Bh2ach dvheBRtatoreach
owner / oper at or tilizjin ndard web s rchitecture. [076]

erat j ons
The mai nten%’l‘tpé“eﬁbgﬂ’l’é‘{l?laéf AR dhe ppr Pdiﬁwgd%i?“%lbﬁ% St BV RPRtE R ance

records Vi aditdagty walae POI&! for daok PieRedteQilphdt.t Mihd SFEEMRAE bOEGERN Sl d % @BitNg ont 0
the systemwi| | ;’a\ve a uni que password that will provide for varying |levels

of access. PSR OWHOpTRIOr Sﬁ?erafl?fﬁlumlﬁ'ﬂﬁa‘i‘a“ﬂ?‘rd Wﬁ'ﬁi?‘%aéﬁli‘&?cé“r%orrpl eting the actual
mai nt enancegoeé] t he egnd REMBharke woduld 3/ &signed to provide easy access to maintenance

records via the web portal. Each person (with Internet access) signing onto the system will
have a unique password that will provide for varying levels of ‘access. For example, an
individual or individuals completing the actual maintenance of the equipment could have
access only to the input data sheets for recording the inspection time and data. Their
supervisor would have access to the next level reports illustrating maintenance history. Each
level of access is controlled by the log-on password.

[077] Each piece of eguipment in the customer’s inventory has a scheduled
maintenance interval that is loaded into the system. The system provides for automatic
notification of maintenance tasks that are due and their due date. The over-due or scheduled
maintenance task screen shown in FIG. 4c 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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access only to the input data sheets for recording the inspection tinme and
data. Their supervisor would have access to the next |evel reports
illustrating maintenance history. Each Ievel of access is controlled by the
| og-on password. [077] Each piece of equipnent in the vent ory
has a schel Qg3 %Pdl” ntenance interval that is |oaded IWI%&ISO?/% tgm The
system provides for automatic notification of maintenance tasks that are
due and t hehdinihacedRbstds I8 Ke@VRY mCHAR, Qlﬁoﬁ%dﬁﬁf#ute%ﬂnmaaadaés@raa@@&nﬁlﬂg lbf Screen
shown in FIG 4c illustrates the type of data that would be available for
mai nt enancé’r%vﬁ'ﬂféﬁe\’i‘?%‘?“aﬁfﬁ efficiently schedul e his nmaintenance assignnents.

[078] Once g nai ntmmﬁeﬂaﬁce%ar@&estxﬁﬂmaltmuﬁagr@udes “teaRGiaeh dcbdsOtd the system
and is aCCGSSI ble on-1ine Tﬁ any person wth securlty access to this

portion of !§ts upgserdidecuments. Theseanvalonse peraisd sermdicalsabiha A sehde nt enance

records ar e degRbopsPardr@ lﬂﬁﬁ:%fﬁc@'fér%ﬂﬁu&rpt% thel i@k of bqipmeRE CRBDnRMchcRdsanni ng of
prevent| ve mai nt enance. mai nt enance and parts manual nodul e

provi des " ri@ganyalsyas Poé‘%’é%g‘ 14[16 dc%EIOV‘Id“a%tB%Wa'HESB@P“e@dd%BErﬂWE‘HP%a“t F9$6%d° manual s

are updat edpRftd 9dire1Ré IbdiPiBatioRand et R AR PLME ec@u@pms%t MeLhARRGHEk 8F ' S hone
of fice for gl stribution to the piece of equi pnen The online access to

manual s, adh9yeMayed in FIG 4d, provides the maintenance and operators

instant acqggs to umiafaﬁsacmnwrﬁﬂdsﬁ PRdied Accat t&ﬁﬁox{%ﬁﬂnﬁ%ﬁm db@imhgr es for
t he equi pnent "under managenent by th e system @i The data acquisition

nodul e pr ovheResabloading onofhen Profasing eenditions {9 eagh m@nﬁqa @mPPREGt ingtheapiece(ofi a

| oadi ng or eaalpﬁlent%c%@édld@& HOMEH ¢ tﬁ@éoﬁﬁeﬁa@msrmwraearm 1§Qﬂﬁ$£&mmh n the
pi ece of equipnent recorded over the he conponent his recorded

data is corfpreigalgesipn cansideraiians éderizey e@iﬁ&ﬁ) %N@@Wlmg are headt (g ipresiicht i | es)

and these GRORAEJSRAIReMS WB&RIE ‘PorHﬁeeﬁlbﬁ{orcd%ﬁﬁS%hi Vﬁis Hﬁhtfb&&ﬁﬁ'ﬁ@ &Chedul es
for the nonitored conponent, As illustrated in 4e, the data |og nodul e

can al so ushe dperes megule sAIRIY 85¢ engraiing sondiisn| chﬁaethﬁa'aﬂ% g pam sy @Fﬂl

throughput Rfu@fpul REI M ﬂﬂﬁjiduﬁl' Bfbe Uk QHiPhRAEPloviRingY inficRGidnntRr n for
pl anni ng, production schedul es, and nai ntenance schedules. [0 1 e spare

parts rmdulléoq.*}?@ﬁﬂ%@“Fb@“%@é@@%ﬁn%scb%‘l{eﬁ manual s and draw ngs. As

i ndicated ifpgfjl G 4f Thetsbﬁe Bﬁr[slmdatlle[F?évﬁfeé fok adcSss @Y pirk Alh&1OMa ataRngd] @09 Wit h
t he appropriate dr avvl | TSt ng he conponent part can be identified
L)

on- 1 i ne andndigaishinoFiis. a‘ﬂlﬁlé?ﬂl o teaﬂlulér@galahle qzréwp\ﬂémge\glﬂtﬁﬁ PEOPHYY i ded.
The conmponepwingniskis. Orﬂng in’nL Reok | é’.?f ca besld@}ﬁlfieP %ﬁplrﬁéﬁoryhﬁﬁf@“ cal

And Actual Conponent ations Sinplified
exanpl e of qun@uw@eéé@wgi%@@n bﬁﬂrmdeﬁgThﬂr@mpmr@n|beandelaﬁdn-hne

D. Simplified Exemplary Theoretical And Actual Component Useful Life Calculations

fos2] A highly simplified example of the process of calculating the theoretical and
actual component useful life for individual components of equipment X (e.g., a crane, winch,
loader, etc.) will now be given. While component wear is a function of multiple factors such
as force, torque, displacement speed, acceleration, deceleration, temperature, corrosion,
particles, surface treatment, lubrication, friction, etc., for the sake of understandability,
component wear in the following example, is equated with the work (i.e., force or torque
multiplied by displacement) done by the equipment.

[083] In general 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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actual conponent useful life for individual conponents of equipnment X (e.g.,
a crane, winch, |oader, etc.) wll now be given. Wile conponent wear is a
function of nmultiple factors such as force, torque, displacenent speed,
accel eration, decel eration, tenperature, corrosion, parémg% rface
treat ment , MORYYBE P on, friction, etc., for the sake off ?@f”ﬁ%ﬁ%bl I|ty,
conponent wear in the foIIovm' ng exanple, is equated with the work (i.

force or thf@@ﬁpméﬂdeJelaejdst@ydﬂ ﬁl@?ﬁgﬁﬁﬁ)lseq(?@ﬁ'djtlikl/thﬁlﬁﬁn@éiluhd@@&féﬁulc[083] I'n
general terms, the process of the | nvention initially plans mai ntenance for

equi prent  Xohecsauipmens s'Eﬂ%ﬂdJY%‘Fé‘o@é‘t Profiles di 9lsg pese; tp ealewigl B ampwt 9hsed on

assumed opg %halcﬁ‘tglf@&ﬂﬁhsttdd%% thﬁ@poﬁﬁﬂitﬁﬁ@nlthe%dﬁﬁgd Afy plofilePReRRb LR |1 fe,
operating condition data is collected by the system The collected data is

utilized t doauyssshe FaMANipERIPRtadcqrpmeRt ifepr of i | es 16 WD 20051038613

PCT/ US20041984016 OAs &m%@ﬁﬁé&at&& frol&hﬁe Ao W iz @earkpiid, )éctﬁil@ érh cfditidnpen used
to adjust the nai ntenance schedule for the equi pnent. FlaJFUSted duty

profiles ar@ahegnFelingthencthe aggl qauipmentagrdysRmpghent é‘éﬁf?l Yef @ Bkhaust ed

up to that @RinAt adsBmbd BRuiprldhe afdlcataioash didda @ﬂ'eqfe Iﬂﬁngad’newﬂétﬁéi thd hdthaded to
project the remaini ng}aexpect ed equi pnent i fe. 84] can be appreci ated

fromthe foPCBHPHEPIETIRLITE Moger ey hypihag P‘Fﬁjn%ﬁ‘éﬁ“f“ie@més LR WRGFREH or

I 'engt hen t hgor@ @e ydce AAKIFIRIE Bid eﬁ&dssﬁ!ﬂ”ﬁ?ﬁf&@ QAL e8! knokd didir BrBhakd fBokiagt he
ori gi nal assuned e&ﬁ prent and conponent useful |jfe depending an et her
gY

the actual digpsion EomANd Profrss g e mbisst Bventian allovey S PeAGITd SAYIBMEAI | y
assuned. Asjifs 8k RSinRR4NCE Sdhadulho bE %ﬂ%itﬂ%l}ﬂfpﬁ@t@@bﬂ&i &l &GSipnAndkdi@eymsi on, and
as wll becone nore clear fromt ol l owi ng discussion, the system and
process of ‘tfﬁ’é‘“@ft?ﬂ)fl%%tTherW@H’tﬁie@)W‘aE‘def?ll?é"spr edi cted equipnent life and

nai nt enanceypgsihedul epfan 5%@%95@%&9&& bMﬂﬂEﬁﬁ;ﬁﬂ P@&@dAwm@mm@rﬁaﬁmX s
real -time operational data. The sinp exanple is as follows 085]

FIG 5 il ueksis boke %wbmwnenbtﬁreawﬁw Xsﬁer&pm Fynegwindss, eader ity Profile

anal ysi s br gk@swHavaady, eﬁ@iﬁﬁ.@:ﬂ%ﬁasf:&ﬁpoﬁ&iﬂdﬂ@%dé( (e.g., a crane, w ndlass,

| oader, etc. As shown in FIG 5, equipnment X has conmponents A, B and C.
[086] In cadP8®l ati nglncstlcalstingmandssrmed d YB‘TOﬁleean SAHIPEGTY dspenee ﬁﬁé%sﬁlﬂ?f‘éranfl rst
assunes an eq%ﬂaﬁiei?ﬁﬁéﬁgndﬁfé' 2P the Etﬁnﬂn%t Tuh%uc%g&!d PR ik %x%ﬁ@tihefhssuﬁﬁﬂ this
exanpl e, the assumed = equi pment desi gzﬁ for equi pnent” X is 25 years. The
desi gner t hEMiPASBideign lifcdfor spyipaentig is dﬁ%&rrﬂiecﬂmélﬁéﬂﬁﬂ pEsRmey the gpes aid age
cases and trhﬁlb@rsro%ﬁérhtldnﬁ)ﬂ%) u@&b’ba‘l“@dﬁﬁ wbittb kit R StRinfal X%ll B@sﬁj&ie&g its
assuned equi prent_ desi gn . usage case Is assumed be a specific
type of op@datirgits aa%uﬂzfdgwéhmw éeSlgeJﬁéq ¢h ysagecaprs arsemed tQ]BF aa@ﬁ@ﬁfypc[oss?] As

i ndi cated i g obdtiont 2GR TRBLof thalifg HREINPELehQe Per form three different
[087] As indicated in FIG. 5, equipment X is assumed to perform three different

usage cases (Usage Cases 1, 2 and 3) over the course of its assumed equipment design life. It
is assumed that equipment X will perform N1 (e:g., 100) “Usage Case 1” operations, N2
(e.g., 50) “Usage Case 2" operations, and N3 (e.g., 125) “Usage Case 3” operations over the
25 year assumed equipment design life for equipment X.

[088] For equipment X, Usage Case 1 causes Component A (¢.g., rotating shaft) to
rotate 10 radians at a torque of 100 ftlbs., and Component B (e.g. a hydraulic ram) to
displace 5 ft against a force of 10 lbs. Component C (e.g., a sheave) does not participate in
Usage Case 1. Thus, each occurrence of Usage Case 1 subjects Component A to C1 (1,000)
ft.1bs. of work, Component B to C2 (50) ft.lbs, of work, and Component C to C3 (no) ft.1bs.
of 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 cases (Usage Cases 1, 2 and 3) over the course of its assuned

equi pnent desi gn life. It is assuned that equi pnent X wll perform NI
(e:g., 100) "Usage Case 1" operations, N2 (e.g., 50) "Usage Case 2"
operations, and e.g., 125) "Usage Case 3" operatio 25 year
assuned eq\ypﬁﬁ‘esﬁ)t”ﬁdési gn life for equipnent X. [088] FO%T%SS?OST#E@F

Case 1 causes Conponent A (e.g., rotating shaft) to rotate 10 radi ans at a

torque of 1[aébf]ft | bSForeé\.ﬁ Q@W%@.Ca@ A Qudds C@mbdlr@ﬁtel}'{d(ﬁs;ﬂa%éﬂo ft@gan@k'tsm ace 5
ft agai nst orge npo not

1 nent C
partici pat e ﬁOFFe ot e "@g%mi’me?h{iéo 0, ‘i‘é‘ﬁraf é%@eﬁ%ﬁgﬁ 8uept s ybj ect s
Conponent Aa\'rdeesqot pArtiOPA} in Ubagk l@se @f T}M%r Kach Q@éﬁﬁ‘é%rﬁf @ag@cﬁa z(sﬁﬁj):ctﬁt | bs.

assuned t o GEBBPERGE P1E010P) e ke it Coogts (RRD 26 X pore Sefimec

equi prent  desphp@hert iAf ©. cﬂ@omltaow&iawlfgela@a 1320000 3¢ 0Gr Np @R kinfeor
equi pnment X, L@a ge Ca?%ﬁé causes nponent B to di splace 10 ft against a
force of SCPVFHES CORY O BH?ﬁf‘SSEf“?doeqF’BP’&'ftéle?@ H&di ans at a torque of 50

ft.lDbs. Cor[p?n]ent Al egsphéit é@w@égle@amt@ué.e@cbﬁ pERnCA $Erothte I-Bhﬂéﬁar;sgaﬁh f
occurrence o Us Supj ectLs onen Bto 5 t S 0
wor k, Conpdf@ht © g%%@ %@ Ol s dis Rrg)cevx}c?r , 28It 2 %&rﬁ @ﬂ{) 15 83 c4 (no)
ft.lbs. of @mﬁﬁneddsageotﬁiase ra'%hdn§ aﬁSﬁﬂiﬁEdf 100 femurhd‘slzeaeﬁeacufreﬂ&%f Usiger the

course of the 25 year assune p n | | f 090]. Fo ment X,
Usage Case SE&L&%@“@S%‘B?\‘?HE AAg(ﬁ;g‘éPé?tfél r‘a‘?ﬂ(’a amzgnent B {o %2?38495) 200
ft.lbs., Commengmiord ahdCoihpikaaerol (BIOO@Q‘@!bﬂSﬂf world, QUsage Odse 3@Daskinged tand
Corrponent Cto gge 30 ra ians at_a torque of 200 ft, %eé‘ hus each
occurrence fUn a@ ) tigngs gves the pprse 9t dhedS ¥ps Asmedequiprspt desiep I bs. of
wor k, Conpopert B tOAgﬁlo@va,&@m 5, tte £1.16$ of RbricWerF Ksagedtde o0 BIBRTOM m@mti@ Co

(6, 000) ft.lbs. of work e Case 3 is assumed to occur N3 Céé% tines
over the coﬂ?lgélleﬂﬁjytth‘?e“u?@eﬂl‘étg}“%g‘i?ﬁﬁﬁt YRz aert THESS v@fHes 4 en ¢ o' As shown

in FIG 5, dabiecérhpdnBig-to Qbrive0it heP@inplSAE TRASRicAIT oGt AREROPS e, | For
mul tiplied by the nunber of occurrences of that usage case. These values are

t hen added %wpieewe%%ﬁeﬁemow fhﬁifhwtl 3l Comporeghiitsge Riofile (FrEBretF cal

Conponent  Usagifta Rr&h ixl &) +R&n x @? w—tft:mf;h aﬁeh résﬁltsclﬁ R 61'1475/606
Theoreti cal Conmponent Usage Profile TCUPA formula is (N x C
X C4) + (mtlbsef)wom T@spﬁendwwecwnsﬂlaemo{ the .awuvaci @Héy aqoﬁkw‘s‘mamcn% wpld
wor k. Thus, nedi e dbldQo GRRMAHA RSt R aABSIRAN eb&agp&lﬂ%lt& £75 o@@lmesnent A
woul d need to be able to withstand the anount of wear/stress/strain

cor r espondi $fg¥ek inPrdendp baye psemponsht disiek Profils frakis eiyalehle oathe G§yBISE Nt

desi gn profd h@nfeﬁ‘ta&esigﬁ 1661 W \o3 | Feits. tﬁnﬁ]ﬁ-ﬁy @ﬁ@nuﬂéﬁféct t%ngrﬁﬁ’@@ﬁt BreSk@mheli f e of
25 years. Slmlar % W th respect to Conponent B s ass

Theoretical Component Usage Profile (TCUPB) the formula is (N1 x C2) + (N2 x C3) + (N3

X C8) = TCUPg, which results in value of 280,000 ft.1bs. of work, Thus, under the conditions

of the assumed duty profile, Component B would need to be able to withstand the amount of

+(N2

wear/stress/strain corresponding to 280,000 ftlbs. of work in order to have a component
design profile that is equivalent to the assumed equipment design life of 25 years. Finally,
with respect to Component C’s Theoretical Component Usage Profile (TCUP¢), the formula
is (N1 x C3) + (N2 x C6) + (N3 x C9) = TCUPc, which results in value of 800,000 ft.lbs. of
work. Thus, under the conditions of the assumed duty profile, Component C would need to
be able to withstand the amount of wear/stress/strain corresponding to 800,000 ft.Ibs. of work
in order to have a component design profile that is equivalent to the assumed equipment

design life of 25 years.
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Theoretical Conmponent Usage Profile (TCUPB), the fornmula is (NIl x C2) + (N2
x C5) + (N3 x C8) = TCUPB, which results in value of 280,000 ft.|bs. of
wor k. Thus, under the conditions of the assumed duty profile, Conmponent B

woul d need_to b ble to withstand the anbunt of wear/ L@ n
correspond\’vﬂg2 ?Sgos%éb, 000 ft.Ibs. of work in order to ha@@%%gﬁden

design profile that is equivalent to the assuned equi pnent design life of 25
years. Finaobgl, w ttbnd’c&Bep’Ehﬂordh@al@bﬁﬂp@ﬁb@ﬂUs Profidacii€ pénemated OhBp Mmag bE Usage

Profile (TCUPC

whtch 1 esurbidin el o Bipab rstuiopents, & ogppotas freoricd Cobvatin Vs |

condi t|h ons B’BﬁlﬁhayaBGwmﬂlzﬁﬂJﬁ)ynlﬁﬂQfsbﬂe&/lle ﬁ@iﬁt&ﬁmaforfﬁavxmdpdnmed to be able
to withsta e anoynt .of tress/strajn cor I 800 000

f Ibs of et uptnaies dSAOR ' SRatEhn e esh GRS Ry

equi val ent dharattagstiasthaneill ceffesppriieitthe GeDpridic Théofbt@eﬂ Dmpyemt B‘sag&&rdm.

2005/ 03861 PCT/ Us2004/ 0340 e. The ical .. one Usage
Profiles ar® “f8nersragnces ﬁ@%u%g&c’woﬁﬂt;g Uﬁﬁer&?gﬂ%%ﬁggg?%ﬁ e@ﬁapgﬁt ual
c;)rrlponegt;s asfun@drEpuip@erit dﬁm%hefer Ehis idlatiGzoiR pgrRend inldGge for Rtoadpohent malyrhal so be
utilized to i.ni e ance c

Someti mes &% P‘iéétg%?z% Irﬂg"% vp&ﬁgv V@ggp@ P@és/‘%@%{? f?élh ﬁ°3

charact eri sCémnthal may bk valizede pRodd,t Ol the Saleped Desigt Rifd ieqrted RE ad:ar
Conponent Usﬁlgne Prafil t.hose circunstances, the Theoretical Conponent

Life Under ¥ eﬁﬁﬂg}prﬁ?rgfi?sf%‘q\f\f)l | equal the assuned equipnent design |ife.
Thi s situatfoed) i s r eSdmagiives iti will hbGoe fosdilé toGixtpOcmdiponedht thbhias thnWISSR or

Wear/ Stress/,Strain | bs f the

notual | CorgaeRstat R ebad  Metrbroppte, icdiston SobporiRLUSa ERFEL e on

Life (i.e. actdnEcoﬁﬁaoymselecaﬂawyﬂdveWSSRmaﬁara&&ﬁbtg:ﬁ tﬂal; fire yignifio2dlly 1GSormahi nes it

w |l not be [POSS e to find a t hat SR or . .

characteri st |%‘asa ﬂﬁ‘f‘ dl?oarpp'é)g'ﬁ%?‘laﬁ?oga'?ﬂgféﬁlﬁBWSBbp?aﬁ? Er e\(;]\g’étei‘%%ﬁle' &HSbnent

Uﬁage Prof i §,ahe I&gl cambotht @Qﬂlféfb ﬁ&ﬂtzﬁﬁnaﬁ@d/ame h@mhéfﬁﬂl:%hé)mﬁount of

characteristics that. are signjfica S n r_than

appropri at ewﬁﬁﬁétéets pifagn, oo &é é@ E?IE'T Oﬁbr gﬁ(‘ﬁnﬁfé‘l popeqt 5,

the actual TesRGRECbmpaleaatiRAider thEAKIMBED Ly Broffswalid Be 30yeddst msbmet he

Thus: compolfentStk b7 Corbareat Bog BOABRED Ren iy e aisey ot AL MRS e

Profile wou&ner the SéberyEdsizn Litetife (i3], M6 Q5 yéah@ssm‘ﬁﬁﬂ:éqﬁtpfneﬁ%ﬁgﬂﬁﬂ% hB Is sI 39t2, 800
over the ecte

ft.lDbs. iﬁ entlre capamvt is avlalla%ﬁ, if needq; { gt
Desi gn Li fe PN (i. % HENVERE \FAATPIES By Sqthe ptrt cqmesngRt peiseld, O[r0951 As
a conver se €xapgmke, c wms &dl¥zabld to Wh&ta’ﬂ@'&Héaiknoﬁﬁtrﬂ?%@ﬁﬁtreﬁ;ﬁkr@lﬁtceﬁesb@.’(dmg@ nponent
C was only g0 e o wek Uriis® coipohen s Meaehicil Baponent Tief fided §EPoNd! N

Assumed Duty Profile would be 12.5 years. To meet the requirements of the Selected Design

Life (i.e., 25 years), two Component C’s must be utilized in succession. Thus, the effective

WSSR for the twa Component C’s is 800,000 ff.lbs., which is available, if needed, over the

Selected Design Life.

[096] FIG. 6 illustrates an exemplary, but highly simplified, Actual Duty Profile

broken down by component for equipment X over an actual period of use. The actnal period

of use for this example will be the first 2 years equipment X is in operation.

[097] In calculating an actual duty profile, force, torque and displacement readings

are obtained 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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400,000 ft.Ibs. of work. Thus, Conponent C s Theoretical Conponent Life
Under the Assuned Duty Profile would be 12.5 years. To neet the

requi renents of the Selected Design Life (i.e., 25 years), two Conponent
C s nust b i.lized in succession. Thus, the effectiv he two
Conponent \gogﬁqsbssé ,000 ft.Ibs., which is avail abl e, q)fCTﬁ%e : %Iino‘{/er t he
Selected Design Life. [096] FIG 6 illustrates an exenpl ary, but hi ghl y

si npli fi ed,[ogsgt ual D\amdleataf il EIG. By aiﬁq;imedpmmb)seﬁ&ﬂmmr(w)fUfage%sepnent X
over an actual  period % use. The .actual r| I#S or _thj Sgexanp |l e
will be t h&@PPRHQS oyerhe fest BYR Y5aRresf casipment; BEFéar“é?P?d ; Fﬁ@?"f” i ul at i ng
an actual detyye prdodisplRemdndhalss fbpthe laecuﬁrm;agb Gt aapemiins Ihe'&dlbdag ﬂlffe@d’ne

obt ai ned from sensor,s ndj vi dual and C
Cen e om e e hSmed Pl Pglen Ry Sappteq SR Wi chle, £, 50
case), the paani@s mambamd t@ﬁlﬁﬁhent At&r Qul@taﬁ slﬂftﬁ@lraﬁtermmﬁdwrneam mgple afe

6. oqui prorP % FadTAERRPRELE (12 (IO UL B) o S SR LREGL ST b 11 r ot

Ej WO ?/ears qfonqgmwm?g Xsiea) @idalol paedipdtd ih@isagdavuey &r Thitsheach o¢cafencetopr que and
I Spl acene va Qr tnhe actu 1 tl ons

different YPETrPRISED chéﬁg Bewg‘rtogﬁe(gﬁg@h@ﬂ Oﬁ}}f)’ PIBP?qegt, o?iﬁggrrpl e,
act ual Usagfelbémeoﬂc arIRbhDE thay hosAUsEed weaponent A (e.g., rotating

shaft) tor te 10 ans a torque of_ 200 ft onen

(e.g. a hy I ic ra‘lgﬁqtoﬂ’“d‘i“a%[paée egﬁ?rt‘erﬁdgllhﬁss?e@“f’ﬁ‘fi‘@ @3’@%5& %orrponent
C (e. 9., acpbesyR)ovel e At tvﬂﬁ?&ats%fﬂﬂﬁ@mbxﬁ maﬁﬁatﬁﬁﬂﬂlf& HoRerr, tﬁéifd%ce,
occurrence of Usage Case t subje onent Ato | bs. of

iJ %ﬁ (2, 000%: %?

wor k, Conpd?ang ang %?lae?n%%&lue% pr{ §°me %@ase&rﬂ?e%%&ﬁmw dErEs (no)

Lts | bscaof ﬂé@{ lhosd G?&]tedﬁﬁar mowghﬁme? Iﬂu@; Pl?)flleeqpbrpﬁ@ﬁ?le?(a&ﬂ& wnagd @agml N2 (5)
age se Qperatl ons ver e | I'S WO ears .o ul

oper at i onaIOPFrla?“g". }l%%é’@‘égf"? OREOFYf Ee to d’t“?)‘?‘i?ug 1t Apingt §‘pﬁ%é°€e££%1 aIaH%s f or

]'Ehe a(r:]t uaAIS (léﬁﬁgdﬁcg@&@g?at@m&f | &Exig@ﬂﬁtd&ﬁl\éﬁfﬂﬁﬁlbst&ﬁﬁfnemtA dlﬁmrpamaq;aa isel ect ed
or the 115 t rorile or e, actu e S atIOI’lS

have causecsljl %tﬂ‘BS teéc}’d‘i’%wcéﬁ%oéngﬁ g@“ﬁizr%‘%cﬁufs%g‘@@‘eﬁ g%C? g&% and

Conponent Gt dfq&@kec&.%ohaﬂl@msc@tloeo)t@mw wWitk, 2 d fdonlpbRent Gowponany A did

not parti te in_ Usage Case 2. Thus, each occurrence of Usage Case 2
subj ect s CJE@& PENPB to C5 (125) ft. Ibs. of work, Conponent C to C6 (1000)

ft.Ibs. of oy, andACRARABEN FI. 60 cpridnoX hastpeﬂfaﬁwdm (40 Wsagh As

indicated in FIG 6, equipnent X has perfornmed N3 (12) Usage s?
oper at i ons SB¢@Honspxex e Gt B YspEsfeauipmEnt f)ﬁ%%tloxalélf%péwﬂe&rfa? 95 ¢
However, t hergh®bkdisplacement values for the actual Usage Case 3 operations have been different

from those selected for the Assumed Duty Profile. For example, actual Usage Case 3
operations have caused Component A to rotate 25 radians at a torque of 400 ft.lbs.,
Component B to displace 5 ft against a force of 100 lbs, and Component C to rotate 30
radians at a torque of 200 ft.lbs. Thus, each occurrence of Usage Case 3 subjects Component
A to C7 (10,000) ft.Ibs. of work, Component B to C8 (500) ft.Ibs. of work, and Component C
to C9 (6,000) ft.lbs. of work.

[o101] As shown in FIG. 6, the actual ftlbs. of work per usage case for each
component is multiplied by the actual number of occurrences of that usage case to date (i.e.,
for this example, the actnal number of occurrences of that usage case 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 formulais N1 x C1) + N2 x C4) + (N3 x C7) =
ACU,, which results in value of 140,000 ft.lbs. of work. |
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i .

e I

torque and di spl acenent values for the actual Usage Case 3 operations have
been different fromthose selected for the Assunmed Duty Profile. For

exanpl e, actual Usage Case 3 operations have caused Conponent A to rotate
25 radians at a torque of 400 ft.Ibs., Conponent B to displace 5 ft agai nst
a force ofwQQ@siopss13 and Conponent C to rotate 30 radi 263 UGR0X08que of 200
ft.lbs. Thus, each occurrence of Usage Case 3 subjects Conponent A to C7

(10, 000) ft . of - : ( t f .and
Conponent 6{??2 C9 (Aé‘@g;g:é: tg?tqq)?ggrst 5‘? ﬁm@;sgof[tﬁgéﬁilgs&@ﬁgﬁﬁ }ril\fﬁklg%“?& t he
actual ft.leasipmeft Rowae privalesatre CompenchitoA’sehdoretice npemponenti Wsage Profile i ed by
the actual @56 BE). %ﬁwgglp@iémafcéng@gesnnggg%%h@?é&os By 494 00l dhofs that f OF Lhi's

exanpl e, the actual "nunber occurre usage case over the first
two years agppakipwisht 29¢ percdnh ob fempanettnd’s uifddide bag beew vtlizedt Hbis anelgssl f or

each compo RRLAME nponent's Actual Conponent Usage. For
exanpl e, vxﬁ%ﬂ%%%pect tonggGrer%%%r?pr's Act ual Conponent gdsﬂﬁ%%e (ACUA), the
o

forrmul a i s [NB81x O )FIG. ¢\ acomptersciepipdisplagrhat showsCugalift iy efalpiese i n val ue
of 140, 000 ft..): 0 02] As
ndi cat od 1 L Cghe! (e bl Yy B pida TR S0 R pOeE, 1

equi prent Xeswns) elibe ¢avipment 5§0. CBlG Grie ateraphisal Tisplay éikiechat idinnsdrieriilOWs age
Profile ( , { Vi di 000) by
475, 000 shf)ﬁvé ‘ %ﬁg‘tat E%%*E?%I i°na‘\t(dé%f&g"é‘ft"g&é’@?%éeﬁﬁ%hcg@%ﬁp&g%"é‘lﬁ{?q%'g%e(”lj?gsg? ul life
has been utthd WEER forThs ataheaimpenest utdippk oach is reflected in FIGS. 4e and 7.
[0103] © Sroftf S 2 SRR P RICR, b SABLEAA000 1 LA irlddthsh Or Y 500
of a piece " of equipnent (e.g., a Crane nd € remal ni ng percen ife of a
conponent (temy.of patailoabemadinGPs afd swing wglaiSphrefitessitns a4 ©rorded ascadigg aphi cal

di spl i . i Rdj . e . i IR -

For eath. cdirboia shmpRa BErolaith s idhaedh he 8lesd e AR B TR AT o0
act ual conpeakeinte repmingr theusagy Gofild forAke levdngbeagug. | s @E Gsagd erofiterie adjified, ng

hi st 50 .S, I eG i ity 505
and sw g apraifafiaNGe bophE Rl ARl 2t Slbe Mo Rk R hon PR AR, Y
520. This idpbwydd®ion is utilized by the process of the invention to adjust

in a real-higgp manngy c&n%%re”@ﬁg\%mgf Rl lof gs%lf{)pEOﬁfﬂﬁn\éﬁtnﬂ t?ﬁ]%ir HiGrerids® t he

usage profile Ts adjusted, per cent ew ng bearing e exhaust ed
525 may be Ritsel] Uspethaishgiid ave ioncugned périthead ssurdedsPita Prafilin theofigGvoFearg onpar e

et bl 18 SHRMIEDT by Rb R PR Y gl Lsaoe

years representation of how the Actual Component Usage compares to the Assumed Usage Profile
as applied to the WSSR for Component A.
[0106] As indicated in FIG, 6, the theoretical amount of com’poﬁcnt life that should
have been utilized in the first two years of operation is calculated by the following formula:
(TCUP, / Selected Design Life) x actual years of use = Theoretical Life Used in Two Years
(TLUyz). For Component A, the TLU,, value is 38,000 ftlbs and is represented on the
Assumed Duty Profile curve of FIG. 8 by a circle. Since the two year Actual Component
Usage is 140,000 ft.Ibs., which is represented on the Duty Profile curve of FIG. 8 by a dot, it
can be understood that Component A is being worn at a rate that is significantly higher than
predicted by the Assumed Duty Profile, As reflected in FIG. 8, the Actual Component Usage
is equivalent to approximately 7.4 years 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) = ACUj, which results in value of

21



of operation for equipnment X, reference is now nade to FIG 8. FIG 8 is a
graphical representation of how the Actual Conponent Usage conpares to the
Assuned Usage Profile as applied to the WESR for Conponent A [0106] As

indicated in FILG 6, the theoretical anount of conpone j shoul d
have been WOMSP2#d n the first two years of operati on%g}d@g@é}&@%d by the

followng formula: (TCUPA / Selected Design Life) x actual years of use =
Theor et i caleghs fi.ehs Ugabrk. nAsTindicat@nin FIG. 5 TihbSRISSR Jfetle aCiamTvRpbhentB utifed Tl U2y

value is 38,000 ft,.|b .S represented on the S d Dyty Profile curve
of FIG 8 ngmgqtﬁgw_%%ﬂﬂ%@%h ‘P\Xb‘“ifeé‘&?e%i??ma‘?ﬂeﬁﬁﬁ%ﬁ?‘% THens"s 140, 000
ft.lbs., whiseg Profile €IB0EBEHL16Y. Wandeti@niBihe doruall WSSR ©F1B26000fis fillized fh thy a dot,
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ment X

t he WBSR of the actyal Conponent B utilized in _equi s 392. 000
Fotps. Thilerodh be o et dmbshan oot Bges dPe CEBtERan b R eoTaGh e
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percent of Conponent % ) L%seful iTe has been utilized. This is reflected
in FIG 7, HAPRR riapNScRIPy-owepet Bs for each conmponent the Actual
Conponent [sage Versdisdiched WESB. §0he HBGe@al sadunt ONRPERdnt Utel thitzBehid [ 0109]

To conpare the Actyal Rate of Usage for Conponent B to tgﬁ Theogretjcal Rate
of Usage t HAY® DU e SR GV Ebs sl eoariion ASCARHAEIIRYhE MBFIE EOTHI he £ r st
t V\% y Sar S (W@UBPﬁSe%creﬁﬂ)efs@ﬁ L Eﬁmnyea?é{cofﬁﬁﬁ emﬂéw@lh 'calii{eqyégmaﬁﬂw& Yedid G 9.
FI IS aphi ca representation how t he Actual - onent Usage
conpares t iTﬁﬁ@PAg%ﬁB‘BP‘Ug&‘gE' Wﬁﬁqzeva?%slsazﬁﬁ!op b 6“‘???&39%%@'&5&“ tE’i)rrpo_nent
B. [0110] Asssiriéli Daty Pebtilé cirkéof BIG. D ot dheRl didce ahe AUEDeAL A6thal Cuipomant |ife
t hat shoul hav ,/f%een utjljzed in the LI rst t\{;ﬁ) é/ear ?F?(; %9erdat ion is
cal cul at ed £2615 88 (ﬂ.ybﬁmv%h Basgipned on the Duty Profile curve o . 9by adot, it can

be understood that Component B is being worn at a rate that is significantly lower than

predicted by the Assumed Duty Profile. As reflected in FIG. 9, the Actual Component Usage

is equivalent to approximately 0.6 years of use at the Assumed Duty Profile rate. Thus, if the

actual usage remains constant over the years, Component B will last significantly longer than

25 years. Also, even if the Actual Component Usage were equivalent to the Assumed Usage

Profile, as illustrated in FIG, 9, Component B would have approximately 112,000 ft.Ibs. of

capacity left at the end of the 25 year period because the actual Compeonent B had a WSSR of

392,000 ft.lbs. while the theoretical usage profile for Component B only required 280,000

ft.lbs. ‘

[o111] As indicated in FIG. 6, the formula for Component C’s Actual Component

Usage (ACUg) is (N1 x C3) + (N2 x C6) + (N3 x C9) = ACUp, which 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 Component C’s must be

22



(TCUPB / Sel ected Design Life) x actual years of use = Theoretical Life.
Used in Two Years (TLU2y). For Conponent B, the TLU2y value is 22,400
ft.Ibs and is represented on the Assumed Duty Profile curve of FIG 9 by a

circle. 82‘882?10%{3?%5%\&%& Actual Conponent Usage is @%}ﬁlsggomgglﬁbev\hi chis

r epr esent y Profile curve of FIG 9 by a dot, 1t can
under st ood that Conponent B is being womat a rate that is significantly
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years. Al so en | e ual...Cormonent Usage were equivalent to the
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[0111] As iTiddi cakBebtdadninFFIG, 76 whichegrfphicatliyl eoripares GonprehentnpGiest et Axahal
Conponent age i ' + (N2 x CB), +.. x C9) = ACUc, which
results in #Sﬂpﬁgengﬁ%\ég%’?ré%dﬁwsﬁ%gr)ﬂbefm%rcﬁr.np %‘se}“lur%lclflg%l\gt ed in FIG 5, the
WESR of theottsjual Conpoment the Aual Raedf Ussgeefqu CpmportentXCwashe/D@oR0&1f t . | bs.
TS, Son el A CRTRAN S TR 0l RPRIR b BB T L
PCT/ US2004/ @34exdton for equiprecht iX) reforesess non niade teBlEh 10h&FISell@ist egrapldsiign |ife
of 25 years, Adding the SR s t he irst and seco Co e S

esal 12 areErelh o i Roo Fusmd e HishS bostere i B8 MR el
utilized i nastapgicial hoWSSE foobpudoatitGn because this capacity is available, if
Actual CompSHERT Usasb e rebobs th BERt0AL KRS oh roats A el b T
percent of hakebdennslizednin tredirando Gempdivperttiaass cakaddted byl thé éolleadmglfemmlait i | i zed.
the Actual EbRpoNdRiee s s R RN AR i SorRAER LR S TRE MR
utilized. 101U3). For Compareat Chere AtlalvaliRaisec40d00 Uskhgend de refesqneadent the€ t o t he

mreor et eal v RiPpgl SAREAD e LS, LNE SAABLRT, R5Eabhp BRMIBY U1,
now made t oUsag&ds 71000 fells., wherhiisrepreggn@2pbn da[Duty Brpfile serve af Fith 10by hduw, it he
R A e T ST N T
anmount of cheapenedd DudyePrbfilat Ahaefledted in FIG. 10, the Actual Component Usage is
equivalent to approximately 2.4 years of use at the Assumed Duty Profile rate. Thus, if the
actual usage remains constant over the years, it will require more than two Component C’s to
last 25 years.
[0115] In sum, the preceding duty profile analysis, which uses assumed or theoretical
operating conditions and available data on component useful life under these operating
conditions, is used to select components and make an initial theoretical maintenance and
component replacement plan. The plan is placed on the system and ‘as actual operating
conditions are sensed and reported, the duty profile models used for the initial design and the
initial theoretical maintenance and component replacement plan are used to update the plan
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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have been utilized in the first two years of operation is calculated by the
followng formula: (TCUPc / Selected Design Life) x actual years of use =
Theoretical Life,Used in Two Years (TLU2y) For Conponent C, the TLU2y val ue

is 64,000 f nd is represented on the Assunmed DutpyrRi9fdshSosur ve of
FIG 10 b 23‘]%&’8%% Since the two year Actual Corrponer?t Usage is 77,000

ft.!lDbs. Wmch is represented on the Duty Profile curve of FIG 10 by a dot,
lht hcant Ee Uﬁtﬂ?&St ;)(Ig(}t hﬁﬁhoﬁ@fﬁggﬁﬁrb&néﬁ%gﬁmbﬁltﬁh? r‘éééﬁtrhnﬁénnar]} lﬂﬁts?niclilmtto IFISG 10
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constant over 031 ﬁ??f(fs it will require nore than two Conponent Cs to
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els se r the
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t hat requi onept _mai nt enance, . The datin an be do in real
tine asqea ﬁ”@gtnpof &P A1 G aé‘?:?ngq t5 g’ﬁg&jﬁﬁt‘ﬁoqlgq‘é EREgt g? uﬁgﬂ?é Pcally
af t ;arl S Sg SE) fi(034?) hagie beetop ﬂ?bdGﬁﬂtled filirhier &ﬁ&ﬁb@b!bwstinumpﬂm ght ma3oe\Mby 2400 i 038615
PCT. oWs,_ano ne resen
i nvention. PR ]tg?arsr[b? #‘L’ hﬁ’mt?rwgl%[%%ﬁ rfgﬁfcagp “?f“%“é“rfe“a“EZ‘c‘é but

di ffers in wédiserfackoss ﬁnlﬂeﬁﬁsmeensﬂﬁntafuwﬁﬁoatwﬁﬂocutﬂ&ﬁta&ﬁrbmdhmipn@ht a3l G 11
i hed t he

T B T D S R R T T T
t hat are sidnesite @nidsringicf ehe dqun@mantcm @ allew0the opedatbrite negpitorthe pirfoneanag)
of the. corpBg RSt S FHERER N DM R PES BE DL UE s FTBSHBL & o1 te of
the servi ceanpregvirelén cortinenision iveith the @visike compyer 6 Vil en Smrsite adimahyred hat  has
SAPPL €0, e SRS P AT B0 DR LRI, Bl ghe M AR T o
and in a fuirbher coananmlte tiﬁbeieowra mud- punp, but nmay be any type of equi pnent
oot DL BT A o Sl R L BRSO 20, o
on t he equigadeniofir interface 68. These give access to essentially the same information as the

interfaces 65 and 66. The interfaces 67 and 68 are in communicatié)n with the on-site

computer 64 via a network 70, which may be a corporate network, the Internet or a dedicated

link.

[0120] At the client computer site 61 there is also a user interface 71 for performance

monitoring that will be explained further in the following.

[0121] At the service provider ancé 62 is a server 73 (one or more may be present,

depending on need). This server 73 is linked to the on-site computer 64 via the Internet,

dedicated link 74 or other communication path. The server 73 collects performance (usage)

data on the equipment 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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This may be technical specifications, manuals, certificates, etc. The user
interface 66 provides on-site nonitoring of the equi pnent 63, and all ows
the operator to nmonitor the perfornmance and state of the equi pnent and
associ ate oth current and historic. The inter SooR@s4ofNd 66 are
in comn%é??ﬂgﬁsg‘ﬁl h the on-site conputer 64 via an or@ﬁt%e or local area
networ k, denoted by 69. The user interfaces 65 and 66 can be accessed and

vi ewed on ahiynt typughslksy pecformasct dnitop uteh entenfatetir througl0d ligh 7AThe hiek ¢ ment
conputer sif qur[c}nggﬁﬁﬁdhc%tcalhﬁlgm%ﬂ%?gyfﬂ{% c%l on .user interface 67 and a
nonitor inter Ve access to es entlally the sane information
as the intl@t2hces GBieanmme@catfﬁhdu@ughdwﬂmke@ B7angl7d 06§ ba theough catdenauni cat i on
with the o : V. t 70, ' rate
netvor k. A RE sy BAMRALGL o i 2 Bl Shb: SRR AT 10 TnRAAELE 2
site 61 thewal ds limkghe enlyrcquirementas fhatthe dttsife opmpuerf the plientete andthe sovicng t hat
w il be ex%@l&ggte %}lﬂ ctabf%t&&@lrfté}héto"“ ng. [0121] At the service provider
area 62 is"a server %o ne or nore nay be present, depending on need).
This serverld023]is | iGkdhe tequiphent ofd siet eitwisdpvdrions Bansgisa’s. h&hdsert peefoe |

dedi cated | t ]

perfor mancéﬁ J(lﬁ.g%m% on&hé‘@d’u&%&t “g%?ésa{e e gtl} r%ﬁsdléﬁéﬁ{ r%ersﬁl tgpelg%)rrp ter 64.
The server tR3omiigsomplteredtisa quafedlcnlapmg fdahacqumn@nt@ranpil@dé’s pbysicgllyri | ar

equi prent t, £y . fsi s of

t hese coll etc}?éggl atth é;.?q %@gg \S/cg{rrila gt}”g{fé’g%‘xr’g“s% éﬁlgﬁ“%‘“?@mﬁ“ﬁm F\%P@c’z\’gd

i nf or mat i orio @nothdresitspEariséquentlyy the @fsitepampetem®4 mifthiakso ibafqaledhain egpiprmentrade
avai |l abl e ty P 1 t h the
per for mamce8 %lgrt or%%’m Fg:%%?éerﬁaceﬁl‘? E’Tﬁr ougaﬁﬁgﬁﬁﬁ‘k&%%‘i}ﬁg ef‘%“%éﬁi?ﬂg may be
t he | nt er nereferably severabtcawldtélndifierentsypeer conmuni cati on path. [0122] The
conmuni cat irg{by %hr OuGHiG5NG ahli 1% ShotPa mZ)rAe Difed Ereggﬁ%.tnﬁmeofttﬂé %Qll?qrﬁgg#'s?em any

Wi rel ess comm ication system via satellite or conmuni ¢ on path. If
t he I nt er ngecdrding legbaknebodinent of F1G 1 HelngHiGy1 2rsome pf thelpmentshavh bgen rémoved- si te
conputer, t i P thenqna i n able to
the Inter ne?%oflgéfggl} “@% It% e@g ah?%ﬁgﬁ%}%%g?@h%ttﬁe:%x d’4 nétgor I %tﬁssogr%eﬁg@% s 76.
These perf gspectsneasur enents on the equi pnment 63 and present these to the
on-site co r 64..Rr I t ted
conputer faor the equ?lang%;;ﬂ%g %’r\?’damgw%géﬁé k&s&gwyg{dal?eﬁigéc %?&%%g

equi pment G8uipmenttdiats dotipled tol thé cﬂohmng laestemy) andptiee st upfof tﬂweoreqimemer is noved
to anot her g L&y, cé?pmg%%@&y%l hiSaMePintets MBARY: lemBits #7145 B8R i pEal | ed an
equi pnment  co lt BATS con I'gure nmoni nore than one item
of equi prrechplamed inthe followmg

[0126] At the service provider site is also a performance monitor component 86,
which is a user interface similar to the performance monitor 71 at the clie:nt site. There is also
an analytical performance monitor component 87, which is another user interface that will be
explained in more detail later, Finally, there is the database management GUI (graphic user
interface) 88. In addition there may as an option be a business-to-businéss server 89 present
at the service provider, serving as an interface to other client computer systems.

[0127) The management database GUI 88 provides access to a database that contains
detailed information on all the equipment that may be connected to 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 connmected. 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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preferably several conpletely different types. [0124] FIGS 12 and 13 show a
nore detailed presentation of the nonitoring system according to the

enbodi nent of FIG 11. In FIG 12 sone of the el ements have been renoved in
conparison with FIG 13 and vice versa, to facilitate I i on of
some of th‘@wzgoéﬂésc?ﬂ%. [0125] FIG 12 shows how a new o%gfl{%g&é@%g&t er 64,
and hence a new piece of equipnent 63, is coupled to the nonitoring system
and t he setstouige of medserenmnts,ismeothing pirh&isuremdilie ets EThéInGuRage et ddebass 8L Wies 73 'S
here divi ded i.nt Shfa nunber of %l enents 77-85. These \/\1 eggl ained in

|
the fol | owiRGA"} FESEFTHOIIES BRPEIR Ve SAmEREr O PPl ﬁ'fdsg‘gé’aﬁ Fbitrance

noni t or conydehahd vtz belondd. ch is a user interface simlar to the performnce

nonitor 71 he clj,ent site. There_is also, a nal ytical .performance
noni t or cor@fozﬁint 87@%%’1“%5?%6? dgﬁg?sF'é! PQLides there g?ﬁ%téoé'g%%aa onfiptptiqp ile

expl ai ned igandmmore7%ed avdtent ateer. 7 bk [1ycal ghagkie us& inkefadtatabase 7maMAge et
QU (graphic user. i.nterface), 88. In addition there may.as an option be a
busi ness-t §° ﬂ%lfaﬁlggg&s%}j?fgtpr '@Qgeﬁ?rgtgﬁﬁfongg‘fmtf%efhggq’@?eco B 8?/1}1%1&1'!%4% ving as
an i nterf aak lbcal @tdphic vsdriigadface genprate® 177 gyt 938 lodal intedfacel [Ad1 thin iefgenmr o

dat abase GU rovi des._access a base t.hat contains detailed
i nf or mati of® %ﬁﬁg&gg;ﬁheeco taf'}tlsf)rﬁ%rrﬁ‘& ﬁf‘ﬂif“ﬂ%@’ %%O%ﬂﬁﬁg@f"ét&r 0 the nonitoring
system iffei29yli ng UuBery iimé ex fpae it mhdy dradw cohfighatidnnfife aad/erupnew prapldgenent

dat abase conpanent 81 recejves informatjon an the specjfic type of
equi prent  tREt RS lggncéagﬁjjn @t%aﬂg}“ﬁ‘ilet“ Hﬁ&‘gn%omp“%gfrbklﬁsagwg 0 C(fﬁ’g%t 81
t hen defi nemyhDis pribveidesasinpageint memifiguiatidd of e dnreita t@nputes OlHe ket figniagion

presentation of the valpes is convenient for further. processi and, anal ysi s

na For - proan B itF iRl Barctn SBY VEbE Pl oot b SR uf RAARERS DR BRLE" Y

the tine spanfigueiiosemtascthe foRowiMEei2@eify: 038613 PCT/ US2004/ 034016 storage of

nmeasur enent s, lo;t:hi Q’ﬁ .Of asur.tement_s, etc. The managenent dat abase 81

al so contains PRE WS 'élgli% ehic8°bet ween a val ue sensed on equi pnent and

the paraneter tgc i I lLopgs.. [0128] The managenent dat abase 81
Feip el o ol A

provi des these rnrtions 't _ tion file generator 79, a content
server 78 and a_gReind 86iHRMe Sighi Sind pRafbbA $6t 1AEDBI1884F in fife onldie

configuration fi:(grgplggnerator 9 generates a configuration file for the
on-site conputer 64 and the |ocal graphic user interface generator 77

generates a | ocaklebttn@tdndighre chibdlatiohd, Siltérd hrid 1BidgO b quény FoR ehetdRia Qapgby ih he _
content server gR@nisfi@fsipuided to the on-site conputer 64. [0129] Every tinme

an update is made a new configuration file and/or a new graphic user
interface is genekataadcaifiguie canmisicationirdue t he on-site conputer in the above
descri bed

-edit corporate knowledge to be applied on the central server

-define and set up company, plant and user accounts

[0130] Based on the input, the management database 81 will be the source from
which to produce:

-an XML configuration file to automatically set up all aspects of the data logger in the
on-site computer by the configuration server 79 |

-an XML configuration file to automatically set up the local moniter service via the
interface 66 by the local GUI generator 77

-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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way. This provides a single point for configuration of the on-site conputer.
The configuration can be nade directly between the service provider and the
on-site conputer. The initial configuration contains the follow ng

el enments: -selecting equipnent to nonitor -selecting c for data
acqui si ti OHO2WE0Y3 and configure signals and paranet e?’gwltg?&ofuh‘ﬂ}eagﬁata | ogger

in the on-site conputer -select and configure calculations, filters and

I 'oggi ng frqetsmncy fox_hettkaasrﬁliaalaoflt&gaﬁﬁgdrﬂiontfh@amaﬂgkasmsQﬂaauﬁtaface s@bgect and
configure ca ni c,at* %n route -?dlt corporate kno edg[e taq be ag{gl ied on the
central sertiBronveRjentiybs dapaivia e Inigsnet dipih yplso ppssible tg AR ThE SHPEAL SIHES- [ 0130]
Based on t hlr@NRpsther tiftef dRn sgQpEnédigdat abase 81 will be the source from
which to proﬁéfe: aflq Xl\/é configuration file to automatically set _up all
aspects of W& dat a MBgdér ShWst hesengal Syardek opfptite PRBNF CRBPEYNPF-gdat i on
server 79 -caifigiMios fikfdiq iy atdiven trodgh atnewdrk RPthdetsal layd Gisfetied ihiRgh acal

noni tor service Vi %Ft.he iﬁ%?rface 66 by the | ocal GJIﬁ%_,ger}grator 77 -an XM
confi gur at i "RPVPYPY device o2 g find siorage wen copfienraion dgiabase A%ni thg cotisHREM by t he
cont ent serdgdler A1l ugoil WPpaRing@f TOMkAbENE 601 bydiate AN dorFizhrabie pRamedisabasdndlabl es in

the cubes 84 automatic confjguration of the |ogstream handler 80 26 WO
2005/ 03861§fq5€15"13%2@m%§1’@f% e?‘é%@f}“ Bty dMsnittal of the configuration

file and the1@yaphi Res&fifig tOFEy. iacBe 8R4 HBw dokihd the GROMRBIRNSH te Buigme via the
Internet, but 1t is, al sg]gq%;lssible to do it by shipnment of a CD- ROM or other
type of dat*d!desrelgede tioncjq 34 elgments shawl fHRIC. J 29 ElGe 1131 219\BPY 8 of t he

on-site compibbeid fdue Fhd a6 Hibbhiiiuale 9Ns Wwell @s & CTP dfife ko6RF MB@cdlettdgh a
network interface 601 and transferred through an | nput/output device 602

and final StopdgRetrArkdntedast Pdur ati on dat abase 607. The configuration

handl er wi Ifh134pon UpERthéd8urethent Wt ¢dMARA 8L siROOmPREAEL istbbeieMhbepn @l €
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lllﬁé%éer

FIG 14). [Mo93 y theot H werven 8L Thedat avirin gl BBRUHGMERSIMNER? t or i ng
of the equilgmeum hatitilel 8008 contRRhRl REE ddd i@ e liktRbnd Quebdisd fhGRPhEr@ROW i N
FIG 12, FI 13 al so_shows an

In the logstream handler 80 the data are arranged so that these are presented in an order that

will enable temporary storage in the measurement database 82. The function of the logstream

handler 80 will be explained in more detail below.

[0135] A copy of the data transmitted to the measurement database 82 is also stored

in the bulk storage 85. The purpose of this is, firstly, for backup and, ‘secondly, to enable

additional processing of data at a later stage if new methods for making equipment evaluation

calculations are developed. |

[0136] The measurement data is post processed in the postprocessor 83, involving

calculation of certain calculated values (some examples of these will be presented below).

Afier this selected measurement data and calculated data will be stored in the cubes database

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

resuits 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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out bound queue 92 and an i nbound queue 90 as well as an FTP (file transfer
protocol) server 91 and a network interface 93. [0134] The neasurenent data
fromthe on-site conputer 64 is received through the network interface 93
by the FTP server 91. The data is put in the inbound g s%?m 06
Iogstream‘ﬁgﬁﬁq dr8%&h i s confi gured to get data fromthgﬂlin oun gqueue 90 at

regul ar intervals. In the | ogstream handler 80 the data are arranged so

t hat these [am]presemeqﬂrfbnmam mb@i@f 8&la@ctthe%mncenpebfoﬁnaremnmmsgeorage in
t he nmeasure se 82. The nctjon o stre handl er 80 wil |
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conponent ar hasnlgro gressed, 27.W0 2005/ 038613 PCT/ US2004/ 034016 [0137]

The per f or nénEaehn¥frie rsers han s pRB chmash i wg) the, Beryremenc S isnttaed Mg get

dat a part! Mehp4ry tdRRagdBBrS b "R Al ing Ot g@me 8% (D@ chichawith ited Spedifidd r eport s)
and partly from the cubes database 84 (for trend analyses, historic

overvi ew, dRESYemephEnilsyr nose of the performance nonitor 86 is to make and

present sinpiga)anal y588sebOmbii@e P8IEE MO datd BOHOMS terifrtry @lroi-agél THalo@@ti prent ,
whi l e the anal étl cal nonitor 87 presents _nore sophistica analgyses or

freef or m arfBtdy&e’8 trapsers fiespia ‘éﬁé‘l‘ freess bisy IB & pirersEn siatnet gooar?"dﬁ PEt or who

needs to nakg cawcgy &6k ﬁi&ﬂule@@hés%céﬂl@dﬁi@d ﬁorﬁcﬁmoﬁﬁg‘ﬁ@m@a@mlﬁwe& may be
presented to a erson IS malnﬁ nor e stratelc deci si ons, i.s al so

concei vabl d°Fotoy dbn@e.%fif%?rftam@es Shidgtas Brpmbal@wr@ﬁfﬁrpﬁf@ragﬂcﬁogd%wgtﬁm%at ed

anal yses. transmitted to a network interface 601 via an FTP input/output device 602 by the aid of a
transfer handler 603. This data is subsequently received at the network interface 93 at the
service provider (FIG. 13),

[0141] " If a certain measurement received at 94 needs to be handled in a different way,
the applicable configuration file will be updated and sent to storage with the configuration
handler 604 in the way described above. The configuration handler 604 will then tell the
logger module 98 how to handle the measurement, so that after the update the server 73 will
receive the measurement information as requested. The update may, for instance, be tologa
certain measurement at longer 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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[0138] The acquiring of the measurenent data will now be explained referring
to FIG 14, which show schematically the basic el enents and conponents of
the on-site conputer 64. [0139] The signals fromsensors 76 (FIG 11) are

coupl ed towéﬁgosioné%%/out put interface 94. Each of the ;3qhs9508@% its own

channel 95 € neasurenent data is stored in a tenporary storage 97
after scaling 96 (to nmake the val ue consistent with the specified
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is transmPYeH fleg“"é{yhetv\ork interface 601 via an FTP input/output device

602 by the [a143] of a THera@rstt epbmpaterdé4 als® Odmpriky sn eaha moduls DS elgu eet:¢ty
recei ved at ce .

aggle net wor{ak interfet 93 az‘ the service Ftr S)vicper é‘FI G, 13).
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di fferent wkatare ddief gheploimAbinge ©b tHeieguip@ént OThefd &ventadatd allvetranpidated dad sent
to storage with the figuration handler 604 in the way descri bed above.
The confi gﬁfaﬂﬁff:rcfhor‘f*ggﬁgﬁﬁl}dngcf t\’/\ﬁ’ielserﬁﬁg "tell the |ogger module 98 how to
handl e t he [oBH$UTr eNETHe hasding bifdatadih tierserviee propidatserved % veitt be explaldedintter recei ve
to log o GEPPUE HELLTrEREN 4 SRn AR Brouehaiber (ol e it the -
colnfi gu][ at ir@fﬁreﬁ&el umbSr GZICDT&dlo@ﬂmaﬁLﬂaﬁc:lertﬂge(FﬂslBEWﬂidﬁarMe expengderd, apn bei ng
i ts t N j . . 1.Q14 A
Cocal 1 og SEBTelS BTG Bited; e Dine PeraBrb e e SPATE AL £ | n ¢ he
event of a‘aledal 4 datd fiecalni 4 abginiv@ane EdiRcObemifitfion anhetvalued Af@nthist he server
73. In so cases
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o weon ¢ oSS pardlep AN et Vi doobi®y By btstrp Rua s bBH GRS 394! 054016
server 73. rkduct MieSart@S€of M thal RasTBYbe RANIFrRaSFord R cbnrsiig Wbmputyr 640toathst or age
nmedi um e. novabl e nennrgﬁth t can be coqgected tg % e conputer via
h

., a r
a USB port gsf’rt‘ﬁgrBF’?reﬁ‘Br ysite oppgute; B¢ 8 ML SFIYaRE L efetsare G5 t he
service pr Giﬁblﬁhﬁigedg%g.offdﬁd‘taiﬁ~ﬂri‘i@63| is Oftingt A, th@mé@e: dfal’%eofgalmeaefr%men& of#3] The
on-site co ut er. . SO C rses n event ul e t hat etects
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events are al.so transferred to.the
weight changes, e.g., when the loat] reaches the drill floor. In 622 the “missing values” are

filled in, so that the same value is repeated at regular intervals for the time the load was
constant, This reduces the stream of data and hence the required bandwidth substantially.
[0145] After this the prepared data is transferred to the post processor 83, which
calculates values based on the measured values, denoted by reference number 623. Examples
of calculated values will be given below. Lookups in the management database determine the
storage of values in the measurement database 81 and their post processing method into the
multi-dimensional information cubes.

[0146] The post processor 83 may also identify out of limit values, denoted by
reference number 624. The out of limit values may. for example, be excess load, excess
running hours, out of range pressures or temperatures, etc.,, which signal problems or
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

29



transfer storage 600 and hence to the server 73. [0144] The handling of data
in the service provider server 73 will be explained further referring to
FIG 15. The raw data that is in the i nbound queue 90 (FIG 13) is

represent ed é ref erence nunber 620. The | ogstream ha g, gﬂﬁ? 13)
will parseWPHRSOR01Hat a 620, as denoted by reference nu 3 he

parsing particularly involves identifying the individual values in a data
stream and Aa6digBist@al diBeseai beGtn dsdlidifmbfRinhlthathRs tmmmaéauleparan%téﬁﬁ this
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unchanged.) Aft SEIGRAIGHp 0 & & PPARRE 1Y AT ?{gﬁ[fwfeﬁ%‘s’l"ﬂiad wei ght
changes, e“dﬁﬁegbﬂf’@ls&l"fh 38 PEYIIPORS 622 the “mi ssing
val ues” are fl | l‘xe ata i1 ?legprecpﬁr?e al Lallgle.m?% t)??c z%rﬁ gg“' ar

intervals for tFut cf:sn o ] uces T ream of
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nmanagenent dat abase determ’ne the storage of values Tn-the measurenent

dat abase 8PTverthe fulldifetimsdor large ewe@spﬁngumeﬁmwtﬁ nto the multi-dinensional
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for exanpl dor gepigsat Byestiegion angdxpmining tg rI?PI rfwgpaﬁbm%the gerendgrocesiysepicessur es
or tenper atgis@gures ifformalbl HBurHo@Rd wREARIRBBNY was@¥&ERE ieor&OR MeRME On Of
useful life of a component. After the post processing the measures, values
and identi fqa@aﬁspdﬁd&?@l%léﬂ@ﬁ into a database consisting of a number of

mul ti di mengpapgl Cuh?esmum%ﬂehh&iaﬂ%ﬁb%b QRAkn %@?&1&@4 ?Eeﬂreb nepeas ed
popul arity as a neans for storing r anoun ata that has to be
readily accdbsi Bhe flrsrnenotzcbbmfm/rmggmwpwwz@bmegmsts including

mul tidi mensjQpaf th@éh%ﬁté&?ﬁra%teﬁeﬁﬁ nliMehdidH Hﬁ@ﬁ}cﬁéﬁltlnﬁ&t@ls)é@[ﬁalhﬂhW' ch
each paraneter 1s |isted along one dinension,” one dinension for each

par amet er . CH§pgtedparagfetest @mcﬁgmttheh&ama SUIE?IBWCGIse@CGt the lesd porightasi ®pning qui ckl y
di spl ay t alGlo6s, AR thoanARASHEARMBE of BE chiibibrk O iR cubaetaeeeeu BPesdnet he
paraneters, even if the anount data’is very large. 47] Data in the
mul ti di mengiughen 627uerstinshe @tsnéhrnmrrwa%lrwlééhe@rhay@ beeg 1o Occuﬂ‘eﬂces of out of

limit values, this cube is empty.

[0151] The monitoring of the equipment will now be explained in more detail,
referring to examples of parameters and charts.

[0152] FIG. 16 shows a table of typical parameters to be measured and logged for a
piece of equipment, in this example a mud pump, as well as the measurement units applicable
for each parameter. The table shows various pressures, temperatures, flews, running hours,
fault codes (if applicable), etc.

[0153] FIG. 17 shows in the upper part some constants that are used in the
calculations of calculated parameters and in the lower part a table of typical calculated
parameters for a mud pump. The first column shows the constant or parameter text, the

second columin shows the constant or parameter name in the computer system, the third
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-the data is pre-aggregated to obtain high performance in searches and
retrievals, or otherwise to facilitate data-m ning by tools such as neural
networks -the data is arranged al ong predefi ned axes to enable and sinplify
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const ant or ra er t he second col um shows the constant or
par anet er Hagﬁ?ﬁé‘“‘égﬁpﬂt’%‘?ﬁpgﬂ/@t‘gﬁt the third 30 WD 2005/ 038613

PCT / U82004/[6ﬂa®§)16 GOk WMBihaBNRWeT thitehat! the tvalud Eerb RE o) B&bitg 16 thefoll@wig er and
t he fourthfcol m shows for the value of the constants or the fornula used
to cal cul at'8™ paraneter. In the upper right hand corner is a frane

listing deffpf1yi ons of sonNE_mimpho246afakeabh;@s, i.e., meaSured par aneters

recei ved a aw data neasyrenent in uts for al c ted ranmeters.
3[0{62\_‘\/ where S_pump is e pump spee& and § rate 15 e rate pump s%e da

as given above. Consequently, r is zero if the current pump speed is less than 2% of 212
strokes per minute and one if the current pump speed is equal to or greater than this.

[0163] T_hrw is the previously logged accumulated load weighted running hours.
[0164] All the other calculated factors are also calcnlated based on measured
parameters or constants specified at the server 73.

[0165] FIG. 18 shows a table containing the limits for some critical parameters used
at step 624 of FIG. 15. The first column shows the ID number for the limit, the second
column shows the parameter limit name, the third column shows the logical operator to be
used and the fourth column shows 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, €.g., a crane. The crane may have different lifting capacity
depending on the angular position of the boom in both the horizontal an.d the vertical plane.

In this case the performance limits will be different depending on the boom position. The
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[0154] One of the nore inportant cal cul ated wear paraneters for certain
types of equipnent is the accunul ated, | oad wei ghted runni ng hours, which
is listed at the bottomof FIG 17. This is calcul ated according to the
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627. [0166]N dFL%rens(fenE %@e me equipnment it is of vital significance to
have 2-di nénsi ona ueés. This is the case with, e.g., a crane. The
crane may ljenss] di ffelfﬁ[@nw dhnm i Kgead patcohtyining apahidwitigmeasutehentamgdd @ra posi ti on

of the boo N bot | ;and .t he ver rtical Iane t hi,s case the
performancergrll S vm I FSt ?éec?esrtf W%Igjﬁewat nge %eﬁmfdhg %%%19%40%|0ﬁ80t$16 The 31

WO 2005/ 038:6&31el@@'iﬁdal§ﬁﬂﬂ4xﬁtﬂ&4ﬁﬁﬁdesmpameomme lo&ithe parainbtgis (thisfebiresgorclapaci ty
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(for of measurements taken for each of the parameters.
[0169] FIG. 20 shows a screen print as it might appear at a GUIT at 66, 68 or at server

73 containing a chart showing the flow 2002 from a mud pump, with the flow plotted against
time. The time span 2004 is in this case the first 24 days of a month. As‘ is evident from the
graph, the pump has been running all days except for one.

[0170] FIG. 21 shows a screen print containing a chart showing the discharge
pressure distribution in a mud pump graphed against the rotational speed of the pump. The
pressure has been divided into different classes, each covering a span of 50 MPa. This is
plotted along the axis 628. The rotational speed has also been divided into different classes,
each covering a span of 50 RPM, and plotted along the axis 629. The vertical axis 630 show
the number of running hours within each pressure 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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transit only) or with a smaller load. The load Iimt in the sane sector may
al so depend on the boom angle. Consequently, if the boom passes into a
sector with an excess |load, an out of [limt event can be detected based on

the 2-di neggy b t val ues. The operator may get a ling him
how to return \?\ﬂﬁln one of the limts where the sensed vaﬁ%zggll?osgo\?\nkth in his

control or that the. operation nust cease; e.g., instructed that if he raises
t he boom t of0d71]lst eepBy ua’mﬁgﬂhe tecmiqum@ndpmemchlhimgdghﬁUh@ phurality of puntpk, itlki s | oad,
or that it ] t Eﬂm i onal
perfor mnceﬁﬁ%flﬂgtt%%%gi g ern%e Bﬁ&a{ ?fﬁet% sF] }ﬁ% % rrenslqonal

t abl e, suchexasipEl Gﬁa @Elcalvlmfeltmanee dmrtvfena emd numps malwengl the distsibutipmehte onal

cubes. For bpﬂ?ﬁi_eacg?& ShaWidhe §u19# gff‘gaﬁh dibe % 1ux$1§tas%?$§§ﬁés°hage” ne

t he design Bnve ope or "appropr atro
2- di mensi onkden pemftoedeinceed #6f tof tieatimb et mdeeaudpdsmlce ang- Rlimrera. é’ﬁﬂi the

perfor minceut!hza o%%rofgé) cjts a31s 1tcl':§ a(;lsglbfel?(()) 1\91%1{ Fear etecntlg:{l c&rnpo%xg% nlg'nj%a ht abl e

Wi th measur engnt irstocol um e year,
t he second Bwheuenmpb8dus wmm atgn@terpatbmmeth@hsprms enenments Iandasdmerrivtar

description o] er, t resp the
limts shovﬂ&?n :ﬂ%h 5P§§:J]ea?g altrsld Sgrct%f%]% %m%g @8%651}8%@8@%3”%0
nunber of weaswnemedbthetsakan afegnore awskepoble tmmghoaman@weervsluat[lﬁlﬁeqmljcﬂﬁ 20

contai ni g S RRERMRLER LB Bl p20RT B Bha el oA n 2Rk pbicR T,

pl ott ed agait isgtossitle mrcdiﬁlnmotel areirgen whé® Ovithe Bfespan bifﬂlscraasle:ompenehts 108t is 24 days

of a nonth. s.. he al |
daye except “Aopnehe 30L bRl b e BB it LUl B0 BOER, FHAME 201
showi ng t hethdinswoing howes ispmetddied by dnestrdrawlﬁlbwm pumpalandﬁdﬁvgmdrp\lgrhamxemplagal nst

the, 1ot ati 003l SRSASk Of wd U iiPne TaSerRECRULEUIARLIRTH, o flsdednfho

di fferent c asse covering a ®g
the axis 626ceslofa cortaat liroit,cthe Bipiede. hamgénhsd ob @ eempmtrapirel elebvie mhmhdu sedlmgent

cl asses, .caverin n_of 5 and t 629.
The verti caﬁgtgrifquls g‘% epgR% tg%?ﬁ‘ege com aurol'}r?r%?%]a% ‘ﬁgé}'teacﬂ %}%ﬁe&é}?m éﬁ)%pr essure
cl ass and r eNuladiiothe st o%amsenﬂmvanﬂon é’%ed dmtlozfdrwmgltduiqaagmaph exch@spunp has

denot ed by £ & SRR e RET bloh o R BRERE By PRI RS G b SRR, 0 1o
al so been ruarappmgehingrthe amndeoft itsniife wpanh Plefegblyp tlessmtmeg &t seat mmdmﬂd:teé)rs ﬂeed
OVt o e N o BB, S5 PR e e, o
t echni que amdin@hsoe bfithd dtalipngnil Akclding osmm@nglt tephtdnient. of punps, it is

[0172] In addition to the warning informing the operator‘ of an upcoming

maintenance, it is also feasible to send out an alarm if a parameter &éxceeds a critical limit,

indicating that a failure may occur at any time, or that the equipment has to be run at a

reduced performance until maintenance has been performed. | -

[0173) The warning and the alarm is sent out via the managemenf database 81 and the

content server 78. It can be posted as a message on the user interfaces 66, 68,86 and 87. In

addition, it can be messaged over any media to client interfaces. This can be e-mail, SMS,

pagers, etc. Via the B2B server, the system can also send the information digitally to a client

management system.

[0174] When maintenance has been performed, the parameters forming the basis for

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

start from fresh again.
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possi bl e to make an average utilization profile of the type of punp. FIG 22
shows an exanple of a typical performance chart for a nud punp, show ng the
distribution of the punp utilization. As the chart shows, the punp (or punp
type, if a Iurallt of punps has been nonitored) is the tine
at noder at‘%gﬁqoé’giﬂﬁlr and punp rate. Wth the utilizat ?gﬁ%sgog%?gmas a basis
it is possible to predict wear of critical conponents in the punp. Sone
conponent s [ig8f to atgrmt;msﬂﬂe(t@pérfohﬂ tfhd) Bnalfs@sSisassdore BxpefiaeriatasTignd sone

wear nore inhi vi.ronnent s. are nore susceptible

Lo hi gh & EHPEPE R 5 GO R PL MR et SIS RSBR P GRS ThAGRASt  bss.

By eval uat iegprit pﬁwloysljz hﬂee gl uﬁatangaehmgrlﬁs biitkd ﬁid&asuttai@nragnajdsrtweaa@mu gt t he
0ssSi.b Rr edi ct

conditions t ui has been runnin
nore accur 4t PVSI%%‘FSQ% lﬁaqe%nf’ ?re‘?H%an%‘f 9‘%“??@5“38? ™t qﬂlfépi%%eé %BW@ 6]?f’e i's
a speci fi cchrdifons present ashietineehetdr ehel faiiee MBYbMaly2dien id héopable wnteesd t hat ,

punp’ has. dany VA8t SR e B Sne h B S nedtn b PG Pordprer Y”néh? ne

t enper at ur @hatima sparsome mmpltad:@fdrmthb HelupUigbirdd asvedtiggted but thetbe S@nGlithén cert ai n

limt, the li t 2l bove whi ch |
materfal | Soubatespt 145 b VEHERAEERe olip BUnlP RePROPSrTT N vei gnted

par anmet er s [on@g] be  dat gashiat 26 then ccbrh@réﬁly\&tkemtmfs frbi‘ma)tmeﬁxﬁrat failoreend fimh. Wien

the | oad wei aranet er exce a ng. may be sent to

t he oper at 8Ptglpth é$ RIRG G HTBIMme t‘ﬁ'eﬁ%?ﬁ?rﬁé easés erﬁf\,\%«gnﬁ‘h s approaching the

end of its[izfp spanf thBr@heraadai O, pakdnetendds kel td He sembctadvithvitlel fald@é,or € t he

expected |if an has. tq.an end, sot"lh B1ere|s fflClent time for

ol anni ng  WECHIENDAL B BPPLoTRRated i MiRomenies sRaroling, (S CmBANE eocp SB I Eohrent

[0172] In aﬁdingl(ma dnGxitk h‘.emplaérl’lis et invbeEdTinNgGe tphﬁesapwah@nesmﬁxs dearndp Gea1N Ng

mai nt enance, i s, .al s‘? f easi bl d out an al a@ge\rjf a ﬁara ter exceeds
% 111((.j§:'.rva(ljl

| S
a critical IPPIﬁIF?mCd inted %}{Ili‘prﬁ’nt[rﬁeff’mamf gf“l rhgUar fnfervdy PR S or t hat
t he equi pmaek qorElytte: fagurk lph'ay atcud) calcBldls @ cpedidion bawesn h bibdve MRtGRL. ghance has

been perforne r ni and the alarmis sent qut via the

management Bﬁgtéf’ﬂé’g@r%%atdﬁﬂm{\qaéo thégﬁ'idétmns gt RRET prosent qtf%eé’&f?%ﬁé’rep%@frgﬂ’ as a

message on tieRewidie locduie el Ql@‘e.&ﬁm@@ter 88y stSiftha Bghirent drif tia@dllbwperforin £an be
ia to client terfa,ces This can be e-mail, SM5,

nmessaged over any ne
pagers, éontvﬁﬁalimb Wt dhesyRigm thf"h‘ BRI APELE: al so send the i nfor mati on

di gi tall y [@78] Cl i enfn exBRPIBOEHRNS s}ﬁMﬁermG b9 Irhik) graph @Roweed ﬁ]bt&ﬂﬂfé&@‘qﬁb’is been
per f or med, gﬁl ar anet e H(Lormn t he bas s for ﬁhe war al arm

are set to ot gfprs B wpnijig the Rupw HbﬁlPP gfiIBs op %ﬂ f éﬁ‘i‘h can
start fromsfaftight ages. i 03§5 RO t@@ﬁﬁﬁﬁodﬁﬁé@@@%&3ﬁﬁﬂ(ﬁwt later, was

that a bearing suddenly failed. As is evident from the graph, the torque 61‘ both motor A and

B had a remarkable increase from 02:13, increasing with a large gradient until the failure.
When the failure occurred this had detrimental consequences to the equiprment connected to
the pump. This increased torque could not be explained by any outside factors, like increased
pump rate or higher viscosity of the pumped fluid. The torque was still within the normal
range that the motors were capable of delivering and the pump wjas able to receive.
According to the regular out of limit measurements, an out-of-limit event would not occur, at
least not until it was too late to prevent the critical failure.

[0179] This example shows one incident only. Nevertheleés, the relation between the
increased torque and the failure may be likely enough to implement a check for a similar
condition in this type of equipment. The condition for such a situatiqn 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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[0175] It is also possible to performtrend anal yses based on experience
data. The experience data is a result of an extensive analysis of failures
that has occurred in simlar equipnment previously. If, e.g., a certain
bearing h f.aj nd resulted in a maj or breakdown i al so
damages oﬁa’gtzﬂgf&g%?ts of the equi pnent or other pi ecegﬁgrf&ce}g(?j‘lmg%%t, t he
conditions present at the tine before the failure may be analyzed. It is

t hen possi blamrilty infened the sonyuey @l al@m ill o alfoatltiat @ehpuiat oemtingte pumgerigone a
change during. t he titr%ﬁ éos?l{lo e the failure. The tine span sonme m nutes
before the $HPTLF &8 ¢ 181%™ Rvest i gated but the time span within hours or
even days doi8®eks bahapenifefailade mbyelssibelindidatd Hyeohdii@n thatidevelupanorat .
[0176] The results are then compared with results fromother siml.ar
failures toSl?"?%ﬁéha“o‘w%h"i' f PPl %ﬂ}?@u@%%’% Wf“tﬁbceieﬁp%ﬁﬂ‘i’?‘dﬂayb%atvﬁé@r\” naﬁﬂ]?t ‘g?l at

| east sone sehlidghas beenlsulsjes to § Ginpdthtbe abb Sceptainvaluaior ® perwkl of simantbiseril i s

likely to be connect.ed with th al.lure, a procedure . be 1 . nted in
t he conput e‘PcrEEgﬁBEeonq? ﬁ%\ﬁe &° 6&%"{'%& ﬁﬂgg"&l tﬁ%??g"r%so‘?‘ﬂ%é&a?“ﬁg‘%{‘f & on-site
conput er | spressire iinabdveed cérnairt Peduep IDORE &, sifakiont dveurs elss comspulee aperedhgathe

i npl emented _into th control, conmputer). at reqular .jnterval t.he

i nterval de“’&s}%}e‘r‘]‘g‘”‘ neut?uovt\? aﬁr%?(lhy?e ‘ﬁ&“‘fngis% G‘F’tea?fﬁ urgglgdér nggz’ﬁxg%ﬁ%%é'ébg t he

correl at i onthbetmeamit thdepeedtawell feadtod messdgk iformiig tdintof die siveatiom.s t hat i s

simlar to condijipons that were present at the.ti before failure in
the previ Oljé lﬂ@écur r e#é esr,atef%ézga@g?w%oﬂflg?np T PAET &S %%P%%é’ﬁ? toc?lrej%cltia tine
al | ows, perproslemahe algorfthmlrheidleghgt atdovwprakssbhgs) sag icainulath aife rhtaef-phaipe.i S a

part of. [QL78 n exapple of this is, sho i.n.FlG . 25 . This,qgraph shows a
Dot of "t ol grHanas M Sned Ve st pid sl e i dhs a5 BR S per s o
of time on dewidedtsyhodial o@dfdthg estimnmemg at 01: 00. At 02:15 a failure of the
punp occurr The regason, found,out |ater s that., a bearing suddenly
failed. As 'nﬁg"zévi denP? APEIHTPTLE FEamims; & ?%P%ffé% s, B??% SPERMHS B had
a remar kabl expedente alsechanemod 2 chitcal failakeas bé gubsdaitinlla rédacgle Thesadigerithmant i | t he
failure. Wen the failure occurred, thi,s had, detrinentgl .consequences to the
equi prent conneRTEleds e peagRnt dhiss S mURLEE dpe oy b e Aot s B e

expl ai ned byh-aayompiitsi de factors, |ike increased punp rate or higher

Vi scosity o e punped fluid, The torque s still within the normgl range
that the nol{°6‘533 wer gE%agpgﬁ‘g G%F““&@fgﬂ?g%i‘??ﬁ n'ése'it’r?é %En?‘ﬁb“fﬁés@glbﬁg“lﬂ recei ve.
Accor di ng tifefiriefor @ GkthisgartOdntl idiendel dflypicdrpérfoh Q¥ Ninkt, THaNintitkdan GF adjustidasevent

woul d not occur, a | east not unti| it s too late to prevent the critical
Fai | ure. [ OToSFt #9 broada fapaienteoRes Rt PHERGIAE Wnlogd ishsf (HEass Bour e

rel ation befcs@tlatbhegainsh eHie Amad it i@ rpaskebi@ il pletliet feadalnitizelifFhye Addri feiflar enough

to i npl enent & ,checg for.a simlar condition in th%s, tgipe of equi pnent. The
condition fEPULERAG ORSTRHPARTRRPST BSRFEHORHET Yo PEROSC T CEBRY! WA PHE Bfrat if the

torque increasgs W tfhathssreal Godd Feniliis tréndhanaBkle wepraBRbiNmidagddais tabisr e t han

,[2 g ats e\(l:mp:’ltjs g]ﬂ?‘ectopd% rlr(l3 a !:izﬁabrelt(s)c, Iw?tﬁ El%V%E—%aSICE us!ep Ex%trfac%r. A\I{ Iirﬁgrga IpE(}{iu&rcth}lpqu{ c:a];a(:t ors

be authorized to maintain the model, and it can grow incrementally as new knowledge about

the equipment is gained. For example, data mining cam be used to identify data patterns that
may be used to predict failure of different aspects of a single component, based on different
operating conditions experienced by different components. Neural networks may be used to
identify the patterns and also to detect their re-occurrence.

[0185] In addition to the lifespan monitoring, trend analysis and an out of limit
surveillance, it is also possible to monitor the equipment in real time. FIG. 23 shows a screen
dump containing a chart of the running hours of a mud pump. The 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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34 WD 2005/ 038613 PCT/ US2004/ 034016 naturally influence the torque, an
alarmw |l go off or the conputer operating the punp will performa
controll ed shut down. [0180] An upconing failure nay al so be indicated by
condi ti onswy}%smggs\{?l op nore slowly than within a cougl&hodllofeies. For

i nstance experience” may have shown that if a sealing has been subject to a
tenperature above a certain value or a period of tinme, this will increase
the risk ofpossleikamgelesiayatramtritialel span, mhﬂmrppmphm lbaea&ﬁx@&dmihdte footnimecur unti |
the pressupe Y} f u Y t he
conput er ogiéhrl%t %O%qﬁggﬁgﬁ&sé}%é%fm a?’ln ‘ll:’:2t4 %ﬂr? c(l:)métraﬁ1 gt ug&g‘%l Shent so
that a pressadpglstifi ¥ the prop hest de@detiningta gtahle mhiedmwnmdmhmgdp&amwge)r wil |
receive a nessage i.m ofe the S|tuat

r at e- of - chah ercc’?‘g 1 dfmc grgresl gutmée O diplay can e‘fpda 980[%](}1?10&1 gyﬁll(}%af)lrné%f” ct a
problem t h:9185[| gori t’ﬂm fmﬂmdh@n( of tl;e invaitiop @s{cripedoinaesmcti@ByitmEIGE dllcul at e t he
rate-of-chane ave an entry defining the limt
for when thi magtpmv(?q‘e%%%éﬁﬁlé@pg%ekonf)wmggar)épg nor mal operating environnent.
[0182] By |[01ﬂ7¢nent|Ag oa4sg®cwmﬂum fmﬁnﬁdamm;m 4 Goad'ewctaseiar.| Iuradditiers edthen

previ ous exp. er| h itical, failu e bstantially
reduced. Thes %% QO‘PQ%%P e msqaél {herﬁ 5 mt em‘?mhnéengﬁtgﬂ? (lzlg?ab%ése 81
much the sasmww)bodsd frhibe pamet domiputsmeirecason br mh@rocmersadjaeemmmweemr djt®183]
Load wei ghtlg% ,f g\@hlrb%cf%[eofcan be used as a basis for total estimated
lifetime for nd is hence a typical performance linmit. The
limt can H91m1 ust eﬂeazstmgarsoqdlmts amd beoadefr restyieri enloe i(so galcnieton, By
checklngth 2| n I alnst this limt, it
i s possi bl e%fngg%(rg’é%t% t&g%éilpﬁoqﬁés ﬁq %%Eer%’ gyatgﬁlg P conditions and
operati on, [pi&gbose | Pregeting dmumcltteandalrzsymgsrsmm‘sm the dal wep wfves (g ipart s,
etc. [0184 lght'{Eoret |uern \ggrgﬁl for this trend analysis is preferably
managed as tbf ecor a database, with a web-based user

i nterface. [PHO0] nt er nEhtamamd:aahomﬂua&piimﬂlycaﬂsitebweiﬂwut heving &d g¢ chromghnthai n t he
nodel , and @worgn grow i ncrenental ly as new know edge about the equi pnent

i s gained. eéxanpl e, data mning cambe used to identify data patterns
that nmay He1u3ed tOMpItﬂﬂlldtl’SloiﬁaalchbHSBu@ﬁg OLAPeangnMIDaS peat metbdd af stbrh;g e
conponent ,. n_di ffere condi ti.qns_experi.enc di fferent
conponent 5. MRBars P st g e R ke gAY trat AF p RS WY el so

to detect tdapide The gaeral bmnmseand[xﬁasﬁlnulummddmﬂal aibct & WilEkiowhes paskilled
O s Sse BL AmtBhn s BHEYSHY SRR el > g
cont ai ni ng 1mptehﬂnttth@funétfoaaltt3damma bigive & mdltidimeastbnpltupes. The graph 634 shows
the [0192] Another service that can be implemented is publication of news and important

safety information from the service provider back out to the local monitors (operator and

company personnel). If there is, e.g.,, a new safety bulletin for a specific type of machine to

be released, this will be “posted” on the machine type in the management database. The

header of the publication will be put on the outbound queue. The next time the on-site

computer connects to the system to deliver data (if it is not constantly on-line), it will also

check the outbound queve, and transfer the heading to the on-site computer. On the on-site

local monitor, it will appear as a heading in a separate window of the user interface. When

any user selects the heading, he can confirm that he wants the full article downloaded next

time or immediately. The on-site computer 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 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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runni ng hours as such for each day in the year 2004 until 13'" My, which is
the date of the screen dunp. The graph 635 shows the | oad wei ghted running
hours for the sanme period. It is 35 WO 2005/038613 PCT/ US2004J034016

possi ble tgo sel narrower tine span, so that the PUHt nitored
m nut e for&%zﬁﬁé’gﬁl?mi S is shown in a graph display forma gbé}a?“r?ﬂgl G 24,
where, incidentally, the punp has been standing still. If the punp had been

runni ng, a [gresph Woull@ syhiei/naR G GadlignBd ol Hoth MERBE andNEpFEMAiAGRaneE adibs. PUNP
versus ti rre% Suctg, dl,stgl aﬁ can be updated contl,nyouis?% in reallws,l ne.

[0186] The bfBoH H@wﬂ‘al N4HS A0 9t PO HECOPPHEER B G ER T E PRI FI Gs. 11
et seq, Megwp ﬁMlﬂEﬁrﬁnﬂl@bmﬁaﬁi&hEinlf&rhﬁtli&ﬁah gwnaigtebﬁmelaligmgrgg QNiBH Jakén )
on-site conmputer functioning.as a 'local" . -server. In addition o the
Soneor oy B et ehedbipe Ml ot hine A conidieation, 1ardh amPROETE 4SS BB ant
of FIG 11 iaspagion of@besingentrgdiesdys in tlieh@ad&:@ﬁl&d&@fﬁhﬂmwhinﬁﬁﬂdﬁﬁiﬁﬂéd bwi in a
processor ﬂgﬂjﬂacent to the sensqr dﬁlta link. This wll, be C%Eia(gl e . of: [0188]
Presenti ng EARDSSET SOmRRTeRty 8T AT ULt same. intepial i P RS the, pRRlipd 19ad s

conpari son dunfifhted bl Yrds@eckconipofidntses, etc has been performed at this stage).
0189] Presenting dogcunents and. draw ngs stored on the | ocal b server (if
Lot i]n con@?ﬁ“ﬂ \g/]\,ith]c“f‘qgw%?f “@Ft“hg‘F\ﬂger‘ﬂ?r.OPEWfQB‘]mtB&f‘%c I}Pé%“ cif?ﬂr"llis?ored(
directly orchedit & bok tan@utll maviatig férothe Qciidal @std Bost e badkeloWas kystdr® 186 hext

Mul ti di mensi onal. cubes, ,usi ng OLAP and, MDX as a) nmet hod of sto |gg
facilitat esSOPIEiUe decKiviyg SRR Idtanimutsdiigtoghe dafabapfy Jieriib ifniorglatet &¢ Al
necessary t&hdraghenent the service. The general outline and use of

nmul ti di mensj. onal cubes is well known to a skilled rograpmer. A person of
Ski 11 i miPT98i mensEeh ™S sO@PYEY fao, @y the desmertaion i HByTEERNg Hpf ement
the functi onéliotig. dERCAsiH¥AE vabiaN eofi the AbdutrefthiiRN&dnOb hiploatee Sat ihl@24n. Anot her
service thzrallg can be inplenented i,s publication of news and ig@orthg t safety
i nf or mat i onP¥EAPERECTs dheyiepdeepreida spn BEbaR Bt of tpdeted dpatEuents iRpaRotg
(operator amnghagGxPMpbager sonnel ). If there is, e.g., a new safety bulletin
for a specific type of machine to be released, this wl| %e :fglfs ed" on the
machi ne typ@198h t he Irahigdrethe nems apg fukietingiiis PRESINRIO ROt REAENES AT 18k i on wi | |

be put on tbgrost baikdhecitsesafirm! het heXkark it HRBc@mEkibe upl6MeP b BE n&@NNect s
to the systemto deliver data (if it is not constantly on-line), it wll

al so check®t¥Bbut bound queue, and transfer the heading to the on-site

conputer. Qoide on- Sitddgh the GedsediHVEAtRR had HeeViidstritRBREBIrefoSnd thpREAY 1 N a
separate w ndow of the user interface, We ny user selects the hgadl ng,

/ r, L , en a .
he can conf§maefiments. rresopskilied e pr pill rgpagpize e Ea¥Be fagein form an

detail without departing from the spirit and scope of the invention.
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time 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
t he out bound queue. This will mnimze the transfer of data to the anount
needed by the operator or other personnel in the conpany. 36 WD 2005/ 038613
PCT/ US2004/ 034016 [0193] The system may be designed to both propose and
report mai ntenance actions. It can publish naintenance actions to the
on-site conputer in the same way as it publishes news and bulletins. The
source of this informati on can be mai ntenance al gorithnms which take actual

| oad wei ghted use of the machine into consideration, i.e., it can propose an
action for inspection of a bearing every 14 days if the load applied to the
machine is dom nated by a heavy spétdibtdrponent, or adjust the sane
interval to 2 nonths if the applied load is,. dom nated b presEur?

componant s. 4 BHEA) 10 qianoging EPsFAbIE oA for ey IRE SR TGk RN a

mal Pte%ﬁfbﬁné?@s’a‘@é‘dh-cohﬁ;oﬁé}ﬂ h%iﬁ@aliﬁ%&'ﬁs@ulhﬁ& @Rfprikink! in status for the
action, and post it back to the system At next connection, the service
report is trgaspiter withiahtcastione piwessbrase, where it is correlated to all

ot her data. a[c(())%p\g% El%cpa anlbai lt(?‘ c&gﬁut el quial gﬁrcr% tihle docﬁlljrgietnto?téaog for the
machine it i'SCTRON POF Ny OTHE "ASHUI"E q}l rRPOIY CIPREELSEUREACat'T®Sh can be
upl oadedsa3tfod ths b@lipraént Odhich udge ichrg i@qawia%'tvaﬂor e of eHevilaaligrodeoslponcasn
publish new or updated docunents through the mnmanagenent database. [0196]
Just | i9ed spesifiadrnpersbing corkiitions apseried $0 bg experensgd By Hied Ny vesbomneesds ngs onl y
first. t L{m that they want the new documentation
upl oadedé&@?&%hegéﬁlé@?%fg%@?rﬁﬁ%&?%{%&%?] Al t hough the present invention has
been descri hedmputehprogfaat eedeletfar dercedarngadtheemticed upsfal Iife frensoosmgkentl ed i n

the art, will recognize that  change be made in formand detail w thout
depar t i REPYFREHE S oS, S dreCEona UOT UL HE PO AOS COMPOLEAMGE 1. A system
for managinigers 8RLACL AP RuLHMRPIERp&fidd opBAhP BRMtdMYiI ng a plurality of
conponents, each conponent having a limted Useful life, conprising: a
conput er wi tsensats fhedaiermimiog prduesisering the ewtpencgrof grogmanh apetibe f or defi ni ng

= 00t BB RTE LIS PRy B R B g P

experienced in the equipment operation;

a memory for storing the measurements of actual operating conditions for the plurality of
components; and

a computer program module for computing an adjusted theoretical useful life for a
component after the component has experienced one or more operations, by:

responsive to the measurements of actual operating conditions, calculating one or more
wear parameters for each operation and accumulating these calculated parameters for such
component; and

based on a comparison of the accumulated, calculated one or more wear parameters from
actual operating conditions to accumulated wear parameters assumed to occur under the

specified operating conditions in the determination of a theoretical useful life, determining the

amount of the adjusted theoretical useful life consumed in the one or more operations.

2. The system of claim | wherein the measurements of actual operating conditions comprise

measurements of load and the duration of a load.
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and specified operating conditions assuned to be experienced by the invol ved
conponents during the execution of each of the usage cases; a conputer
program nodul e for determning a theoretical useful life for each conmponent
involved in the duty profile, said theoretical useful |ife being based on
conponent wear paraneters assumed to occur under the specified operating
conditions; sensors for determ ning and nonitoring the occurrence of

equi pnent operation corresponding to a usage case and maeki ng neasurenents
of actual operating conditions,  experienced in the equi pnent operatjon; a
menory ¥or StSsYHgN chelaime dstheesiptie dubyrpralile gsjumspe serciing FHEr 0 YREUEBY t he
pl urali : t; Q INg an
B et e R AR R Pe AR R A B AR Cor i FO Y P
experienced one or nore operations, by: responsive to the neasurenents of

actual operating conditions, calculating one or re ar paraneters for
Gach opfbr at 0K BN RLEBI Sihery PR SSBOBIrE e uE S P e o oGt
conponetyal mtmg%sﬁdi%ﬁop@dma&doﬁwa%aﬁ PfarRGe B RdingGa e aked one or
nore wear paranmeters from actual operating conditions to accunul ated wear
par anmetpsrigragsshyneedmpynertcur under the specified operating conditions in the
determ nation of a theoretical useful life, determ ning the anount of the
adj usted theoretical useful life consuned in the one or nore operations. 2.
The sysiem dtheghadmiol clahen ithek bempRsmtias exremiie podgraa tru@luleReioasive e the
conditions conprise neasurenents of |oad and the duration of a |oad._ 38 3.

The systdBtedtthaoraticah yselyh bifedpnsignrading gp ymppedinteireplaceienbeced wdise diesramynhefmber of
oper at i, 1 LAcKSih; f ' LdicyhisEd) @

Fepl aceab s Rt UM LSRG} QHERElngP of MEAURMAA RN 2,
sensor difare configured to provi de neasurenments of actual operating
conditions for calculation of a wear paraneter corresponding to the work
performed by a conmponent. 5. The systemof claiml| further conprising a
conput &f, Ppr oGe3MERABLRint ¢ FRORS by Bpdithd Heom rtﬁé%e%tml&%s&akivyﬁﬂhyl life
for signaling an i medi ate replacenent need when the anount of the

t heor etaditsted tiereragical yseil bBrfousieenling awrhediied sepdatemientaleed ahge thefamonat efdj ust ed
t heor et i cal ef u life. 6. The system,of claim | r sing a
corput &€ egBGi tienul e Sonlipsl S BT e St To Bl P ADRRCRERAALT % e
for signreful hg. a schedul ed repl acenent need when the amount of the

theoretical useful life consuned is within a replacenent range of the
adj ust ed theoreti cal
7. The system of claim 1 wherein the equipment is remote from the computer program

module for computing an adjusted theoretical useful life for a component and the sensors are

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.

10.  The system of claim 1 further comprising a supervisory computer module for computing

the adjusted theoretical useful life for a component in response to a real-time request received by
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useful life. 7. The systemof claiml|l wherein the equipnment is renote from
the conmputer program nodule for conputing an adjusted theoretical useful
life for a conponent and the sensors are resident on the equipnment. 8. The
system of claim7 wherein the sensors resident on the equi pnment are
configured by a conputer program nodul e operating on a processor renote
fromthe equi pnent to produce selected neasurenents of actual operating
conditions. 9. The systemof claim?7, wherein the sensors resident on the
equi pment communi cate with a conputer associated with the equipnent. 10.
The sydhesHpervisorasamputdrumadyde ordp FRsPORSE fya Berindireanglysisriyitissaplither nodul e for

conput i | eoretical useful life for a conponent in response
to a régﬁ?y%ﬁgcggﬁﬁggﬁggggéived by 39 the supervisory conputer nodule or in

response to a periodic analysis initiated by the supervisory conputer
nodul e.. 11. A conputer-pased t hod for nagi ng repl aceabl e conponents for
equi pnetft h4VFaRP ?f‘ﬁﬁﬁ?ff'aﬂﬁ?‘}%ﬁ“%ﬁﬁ%ﬁé’ﬁgﬁ}a&%&%w%%g%ﬁ%mmﬁ g4 i mited
usef ul ;Jnarmyocf%mﬁér&hﬁgéacﬁ@%?@%emw LR QEAPTIRILApARAY! e executing on

a processor "for defining a du profile conprising a plurality of usage

cases for t kentegjlinparesmputergebgramageduicasecitingsing prgeessos fordefininga duty t he
pIuraIit%rpf conﬁonen®31€ndf@9ecifie 8Peratin condi tions asggneg to be
exper i dREEE CBYPHHRE T RUEATL A L8RP ERENEL TG SR RT T S HSEER oS VREERO OF ¢ he
usage GA&GEST thePNiral@l lof BemporeARRKHE @pecmeaga?amiﬁ@@hmaioﬂm@ume@g)w a processor
for determnin theoretical useful litfe for each caonponent involved in

t he dutG}P‘Eﬁﬁ‘@qu l@/?thg #vehved sempeneats dugig e the expeution of eachpf Hiessageotsesonmponent
. L > oT ditions:
wear —par amtcﬁgt??lﬁﬁo%&'g@ﬁ%%tgr Sp?%rr% Jﬁ e‘i‘J e&aﬁln%%%gx' er&‘é?&lﬁ?&fcgeiétrﬁgu%@)“ Itions

recei ving da rmning-and nonitorin currence of
equi pnahdoretaplewsaful tife fopedchpmpdnangirdvoivad isthg dulyasefile sdid theoramdal agful life

nmeasur enents of actual operatin condi ti.ons experienced .i.n, the equi pnent
oper at i5ine bapesh g mpAnept W@ﬁbwargﬁemﬁé%wﬂé%W§ bigger %H%?’h%%ﬁﬂé"’cti“ g
condi t i Qngitibps the plurality of conponents; and controlling a conputer
program nodul € executing on a processor for conputing an adjusted

t heor et i cal ressefing ddta fremfsemsozs ivodgemening afid monit¢rngcberponerncadsqerpent enced

one oriﬁn&ﬁ gﬁegqﬁgﬁpﬁ,agﬁ: respon 'ye £ thgsnea%Hre >Nt qgm%Ftua
oper at iRGRamHToBHMES A e RGBT Birking s R, Sl e " each
oper at i RAdiEbEk Apetichdtdin thgedipaenteptaibat ed parameters for such
storing in a memory the measurements of actual operating conditions for the plurality of
compenents; and
controlling a computer program module executing on a processor for computing an
adjusted theoretical useful life for a component after the component has experienced one or more
operations, by:
responsive to the measurements of actual operating conditions, calculating one or more
wear parameters for each operation and accumulating these calculated parameters for such
component; and
based on a comparison of the one or more accumulated, calculated wear parameters from
actual operating conditions to accumulated wear parameters assumed to occur under the
specified operating conditions in the determination of a theoretical useful life, determining the

amount of the adjusted theoretical useful life consumed in the one or more operations.

12, The computer-based method of claim 11 wherein the step of making the measurements of

actual operating conditions comprises making measurements of load and the duration of the load.
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conponent; and based on a conparison of the one or nore accunul at ed,

cal cul ated wear paraneters from actual operating conditions to accunul ated
wear paraneters assuned to occur under the specified operating conditions
in the determ nation of a theoretical useful life, determ ning the anount
of the adjusted theoretical useful life consuned in the one or nore
operations. 12. The conputer-based nethod of claim 1l wherein the step of
maki ng the neasurenents of actual operating conditions conprises naking
measurenents of |oad and the duration of the |oad. 40 13. The
conput er - based nethod of claim 11 wherein the step of controlling a conputer
pr ogr am,nod >f 1N -profjle.c I i nodul e
Phat ascunes & copuBFhial Al RaBr bR Pt R AR BB AR SR, 1ol 1 g o
conput girograagiainienfoc ddfnidod dutg @roailé targprases adhtioHingd rhbdde Bt sabmesseful life
conprises . frackin he nunber of operations in which a repl aceable
conpone*ﬁ?ﬂﬁe;ﬂa THRIST gbeperatipns ahk Ve s ol BBt SOBTRISE PEETEh TISGHE 19 wher e n
the st eo@n@tmﬁge&ﬁadgﬁs% tH&r& il TR SRS Qioris EXRAN AR RRABY I BBerftfind if r om
sensors configured to provide neasurenents of actual operating conditions

f or calwhitlaa rephacesblecomgmnensas mvelved. corresponding to the work perfornmed by a
conponent. 15. The conputer-based nethod of claim|l | further conprising
controlling a conputer program nodul e executing on a processor responsive
to the @adj ughedompeer-Bisk€ tethsdf dlairh il f vhbRIn the k@paf teadiving datiesh 8érSors

repl acement. need_when the anmount of the theoretical useful life consumed is
Wi t hi n c@mpripgsirecsiviphdnje from sepwraendisuied tq previde mcasiremets of actya aperatlg The

COMPUL ol RS ACk MBI lor AR h A EDRL GRS Sl o R A, & conputeer

pr ogram nodul e executing on a processor Sp ve to t

t heor etdoadbnanseful life for signaling a schedul ed replacenent need when the
anount of the theoretical useful life consuned is wthin a replacenent
range of the adjusted theoretical useful life. 17. The conputer-based nethod

of claimy 11 %%Bﬁb&eﬁ@@se&H%Hmﬁfo_f'éﬁﬁﬁiiYhﬁﬂme?’_@&ﬁgﬁs‘i oRBOBRAES comPIRE | Ses
receiving data from sensors resident on equi pnment 1 ocated renote fromthe

conput grogrpmaedatn axediiing ohgrpreesyu résponsave ta theustiustedtthesoetivel wsaful ikeoul 1ife

for a conppnent. 18. The co ter-based nethod . .of claimi17 rt.her

conpr | STHBIREA g NP EN o6 PRREEe AERIN G HerBe ol el i rent by use
of a carRsingx iPHaBhaNtriiRalthSreQehaddiRgdaRecieticAURRANIliEQr y server renote from
the equi pnent. 19. The conputer-based nethod of claim 17, wherein the step

of receiving data fromsensors 41 conprises receiving data from sensors

communi Gat | Rge WhhBudr-GR88 Heflod 27 SRR Al18HrtdrcBmbH&ng controlling a computer

program module executing on a processor responsive to the adjusted theoretical useful life for
signaling a scheduled replacement need when the amount of the theoretical useful life consumed

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

17.  The computer-based method of claim 11 wherein 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 computer-based 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.

19.  The computer-based method of claim 17, wherein the step of receiving data from sensors
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renote equi pnent. 20. The conputer-based nethod of claim 11 further
conprising controlling a supervisory conputer nodul e executing on a
conput er for conputing the adjusted theoretical useful life for a conponent
in response to a real-time request received by the supervisory conputer
nodule or in response to a periodic analysis initiated by the supervisory
conputer nodule. 21. A nethod for nonitoring of the condition of renote

equi pnent having at | east one wear conponent, said at |east one wear
conponent having. a useful life dependent on the operating, con%%%ions t he at
| east &H@%%frre@b%ﬁif’éﬁ TORLSRIBeRIBUNIEASINE Iy 4 R PMRYR. 2HORGAWH IR mor e 1 aw
dat a Magsu@ERkent hat vary as the renote equi pment is used under different
operating conditions; controlling a software conponent executing on a
processor for receiving data from sensors cooperating with the renote

equi p t tg.sense operatin ondj ti nd producing. the two or nore raw
ot o ek ur kB SPRBuRREHE) o SR Elalm 7F Tl cBRREHT Bk <5teford

noni t ordo@utePMOAEIS $RECULIBL BH b @bhbier Rr S&thpwak ehLanPRIantoreRE ehin Gifedor hhe
central nonitoring processor for parsing the sensor data into the two or

nor e r SRMPERAT HergEnshiorR r§alftipe [pagesbEoseived by B srRArYisory camputer madwe ebiponent
execut i r - OF . l.at | : nore raw data
measurer[;:I ﬁﬁ% tgta %fe[ggcg?ﬁ'%{rll)é&sglg}t%ﬁeldg#e@é %@gﬁ%%@é%r %dru(‘)'he at | east one
wear conponent, the value of the at |east one cal cul ated wear paraneter

bei ng i ghted by val ues of e twg or re raw data neasurenents used in
the at ileasth @ﬁ@oelﬁrrdwrra@&ag &FC B tigRelgPmOte Ak mED| NG, MBS HANE T a

sof t war@npeRReNelat RAQUME WRdr &npbnPhiHabing Qluséear 1ife %ﬂ)éﬁ%ﬁt% the éﬁel?@%ingeq uence
of the values of the at |east one cal cul ated wear paraneter for the at | east

one weaonditapioheatleasapee Weasepmpenani expeserpgasompufingal ues cal cul ating an
accumul at ed Jagar yal ue over th usa]?r% Oft ttape at least Qne wear .co onent ;
and control I'I'ng 8O AT era‘géiﬁ%(fﬂ%aﬁ @flééuhl Hﬂygﬁ he?rﬁ?l&?eg‘slgp‘ for al uati ng
the aqmdendiférest opeakiny abniti@gai nst a maxi num wear rating for the at |east
one wear conponent and responsive thereto providing a useful life

oper ati ons k8eFQIlng asofbware FHMBPGRSHRF¥GCWIE ON & RIPEISORAE Tashy ingdata fiepm of

eval uatg - Y2 i 0] - (3
opor at 1 Ener QPP AEEHML BT HEE R @ Rthse Bt OB Bldplich
equi pmenb oo perataintitcasdutanens @nd farteseniténgieef sehsdridae.to 23entfdhenomdirgd  of
claim 2l wherein the step of evaluating the accunul ated wear val ue and

provi difigf &% seful |ife operations notice conprises providing a supervisory
notice for QERFIIRREY software component exccuting at the central monitoring processor for

parsing the sensor data into the two or more raw data measurements for processing;

controlling a software component executing on a processor for calculating from the two
or more raw data measurements at least one calculated wear parameter for the at least one wear
component, the value of the at least one calculated wear parameter being weighted by values of
the two or more raw data measurements used in the at least one calculated wear parameter
calculation;

controlling a software component executing on a processor 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 executing on a processor for evaluating the
accumulated wear value against a maximum wear rating for the at east one wear component and

responsive thereto providing a useful life operations notice.
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mai nt enance. 24. The nmethod of claim21 wherein the step of evaluating the

accunul ated wear value and providing a useful |ife operations notice
conprises providing a supervisory notice for scheduled replacenent at a
time responsive to the accunul ated wear val ue and remaining useful life. 25.

The nethod of claim 21 further conprising controlling a software conponent
executing on a processor for collecting a tinme sequence of the val ues of
the at | east one cal cul ated wear paranmeter for a sanple popul ati on of

equi pnment using such at |east one wear conponent and from such tine
sequence of values and failure data for at |east one wear conponents in such
sanpl e populgl oddcﬁtc?aﬁ @'m{é}nne fo%'elzélﬁzﬁl %Qﬁé fé@ﬂpﬁ?e@%ap%lﬁ\@% the

ti me sequence o val ues o e | east one cal cul ated wear paraneter
and vvea:rrmd(bimg@rmwftll hifalobcnaeonsmncér tmnpresbmmdvdfngcanalpmami ntied foehamgenpr i si ng

controlling a so gnent execut.i on a processor responsive to
such weAFPIEN ?Preea“('?gFP%@%@%&BH%H&F\HS# rl{}%er responsive to such tine
sequence of the val ues of the at |east one cal cul ated wear paraneter for the

at | east one wear omponent for calculating a remaining useful |ife for
such at23 easThqmethwéaFcl@mw%bwbﬁ@m thesteprofecvalsatingithe peeimalgied wedryatug apd

conpr i ﬂr@ﬂdﬁ&?%&hfg l'éi%% Qraﬁé’rfsf ntEEeq a;fIEQQSH& .dﬁﬁgca%;!:&%o buide B ety for

col l ecting a Bhée Iea t one ed wear
par anetreaintanghct.he raw data nmeasurenents underlying such at |east one

cal cul ated wear paraneter for a sanple popul ation of equi pnment using such
at | east one wear conponent and from such tinme sequence of val ues and

measur eygent spyaithifdal drididfm 39 thet Gh tlf%tstép(%ﬁ%%al% BioWedcc GRATRRAGNKr VAluéahdsuch
sanpl e popul ation, determ ning a wear-failure gorrespondence bet ween t he

ti me squoddioea uséfut life operatierss notice trenpises prasidingresupaivisahanasige Ve achedaled et er
and t he rlaw daf% asurement under | (? such, at heast one %@llﬁm at ed wear
par anet' 8P ARl H & HER P Y™ Phe@BﬁﬂB'ﬁ%ﬁ wal; e gnd rejgainipg jis %d of claim

27 further conprising controlling a software conponent executing on a

processor responsive to such wear failure correspondence to apply such wear
failure correspondence as a filter to at |east one cal cul ated wear

parametay e Al fgha, RATULSERONSHRARI D IHER Blopl RasteilE

cal cul a ed wear parane it Corte

sanpl e gapprbedssooforafolledingrtand séqoerte betie valupslf efthaaﬂ lazise opmzﬂaﬂmecawdar

responS|ve to SUCh"TPi% ectl on t? pr.ovi de an ocglerﬁ@l ng notice for thg i tem of
&4 S

equi prehfamesy. forrhampls pRItIAGION OF S4URDENT HHAE &} e MERT FRIMRASEN A8 pr ovi ded

IS a Nokdns uchRF Je)ihé?ﬂe oPOﬂEés%h?Ql&@&'&t&th lferrt oh@@zeéxic% ﬁ%erﬁgwsﬁ&?“t at
which the pre-failure pattern was detected . The met hod of claim 28

wher ei rsample mpelamn, dgtemltnmga weanfaitieel ccnrsesaombmed:et\smdhef yinagequanceadireat i ng
Iim'tfo t at which the pre-failur attern was
ot oot otueh i R brE AR e B abialel s SreBl GRprtl B, her "conri ses.

26.  The method of claim 235 further comprising controlling a software component executing
on a processor responsive to such wear-failure correspondence and further responsive to such
time sequence of the values of the at least one calculated wear parameter for the at least one wear

component for calculating a remaining useful life for such at least one wear component.

27.  The method of claim 21 further comprising controlling a software component executing
on a processor for collecting a time sequence of the values of the at least one calculated wear
parameter and the raw data measurements underlying such at least one calculated wear parameter
for a sample population of equipment using such at least one wear component and from such

time sequence of values and measurements and failure data for at least one wear component in
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defining a 2-dinensional usage limt for the at |east one wear conponent,
each dinension conprising alimt for a raw data neasurenent or for the at

| east one cal cul ated wear paranmeter; and controlling a software conponent
executing on a processor using the 2-dinensional wusage |limt, said software
conponent being responsive to the raw data neasurenents and the at | east
one cal cul ated wear paraneter, for issuing an out-of-limt warning. 32. The
met hod of claim 21 wherein the nethod further conprises: defining a

N-di mensi onal usage limt for the at | east one wear conponent, each

di mensi e PHRk PYIURYioR, Jeterminingp waar-Biluig pHespeRdaiER hetecvihe figie seauengg | east
one cal gyl Alad Weak a f%%t%ﬁ?kﬁ&dl%fgmﬁgﬁﬁ il A o1 é&f&a\’ﬁf]&sﬁfémﬂﬂa?m
executing on a processor using e Imensional  usage [Imt, said software
conponamtiedbenggich @s jpast 9w ealtdateth evcargwralaiter ang asidearserftveaacanpdnentahilurdd | east
one cal cul ated wear paraneter, for issuing an out-of-limt warning. 33. The
met hod of claim 21 wherein the nethod further conprises controlling a

sof twarg COmRARANd EX*BiM7IGHRY camFﬁQﬁgmon1&%@%&&&%&3&&%&&&&@ to be
nonitored to configure an equi pnent conputer system | ocated at the

equi prenita prpsesshefresppmsgvedo shehuwear dgiluroéorrdspondanvedanpply mechsweas fahirs t o be
produced and the freguenc f sensiyng.of the at | east.one r dat a

measur ecégﬁ?p.oné%.c © ﬁaemrfr%rgﬂébf%%%[ ogy 5?1?%‘?%5 WRE PSR & ncsi %heepra\gfa%}(lzgo ntrolling a
sof t warfecopemne DhdE@XawEUCN gt le@h ok @IlQlRSSOEar herbiet foram itdheofaguippant to be
nonitored to configure an equi pnent conputer system conprises providing
conf i gUPHEISAdIRE e swBple pPrRYaieisaviREeat tefdetera RretiRiBiE RRterg@l%ect i ng wear
compon : i I i i . r a data
ogger ot e TR SlectBRSEIND sh dfedlia Rty M PR EBEHFIEER i ati ons to
be applied to raw data neasurenents, selecting filters to be applied to raw
dat a sur nts, and selectin comuni cation.route between_.the

equi preatt  compiAockS) Sl Bienerie e SRERHRE RERe PERYISRY 1S POLECSBIYING  The

met hod @hir&he@l sMitddwh Withe frerk QFPAUiSth& at WhiRh iRpréMaifirEPIRANER ddkkage dat abase
accessible to the central nonitoring processor raw data neasurenents and/or
cal cul ated wear paraneters; storing in a failure database accessible to the
central ni-t. qr | processqr fai.lure dat.a faor at .| east qne .conponent
corr el aitha (SRR ERERE ikl Vi SeeRlie nles b iy P& AR E W rponent
execut i gpgrating Hmirfoc®s stem dfequipaehtit Mhivy (Rapre-hilure pater@wat Hee@adyponent usage
dat abase and failure database to derive at | east one predictive rule for

31.  The method of claim 21 wherein the method further comprises:

defining a 2-dimensional usage limit for the at least one wear component, each dimension
comprising a limit for a raw data measurement or for the at least one calculated wear parameter;
and

controlling a software component executing on a processor using the 2-dimensional

usage limit, said software component being responsive to the raw data measurements and the at

least one calculated wear parameter, for issuing an out-of-limit warning.

32.  The method of claim 21 wherein the method further comprises:

defining a N-dimensional usage limit for the at least one wear component, each
dimension comprising a limit for a raw data measurement or for the at least one calculated wear
parameter; and

controlling a software component executing on a processor using the N-dimensional

usage limit, said software component being responsive to the raw data measurements and the at
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triggering a warning in advance of failure of a wear conponent; and
controlling a software conponent executing on a processor for inplenenting
the at |least one predictive rule as a filter to be applied to real tine
streans of raw data neasurenents received fromthe sensors cooperating with
the renote equi pnment. 36. The nethod of claim35 further conprising: 45
storing in alimt database accessible to the central nonitoring processor
out of Iimt |evels for conparison against the raw data nmeasurenents and/ or
cal cul ated wear paranmeters; and controlling a software conponent executing
on a plEEewssriclaied weal RATRREIER OriHEINg RN ogt-of-[inEi%arpiggel s as a filter to be
applied to real tine streans of raw data neasurenents received from the
sensors cooperating with the renote equi pnent, said filter signaling an out
of |inmi3B. combié tmiethod of 8lFdim Thevhemirtbe mefhod|faitirar 86mpihees edmirdlheg & sndtvehat a

measur enent s of th cog?onent usa&gﬁ da%abase are Etoreg %g nuliidinensiona
cubes. “¥BPORFREEXTRYHIEP ST PIRFSS I GBOGACIE R SEHBMER 'R OF BICBHOWRA S CPieTeler s of

t he cogpap@Bit cdmpaRr sydahPRASEd af'tBe SquAFrRsht| By dBfihirgGik NRANTINeBAtheGIR@sta 39. The
met hod of claim 35 wherein the at |east one predictive rule is fed back into

def i ni feansemneys Weewreduced ackibio frieguenpaef Wasing ef the aplee aue rapdaie ement
SChedukﬁﬁs:éHkn{The met hod of claim 21 wherein at |east one accunul at ed,

cal cul ated wear paranmeter is a |oad-weighted running hour paranmeter. 41.
The nethod of claim 21, wherein the renote equi pnent to which the nethod is

applie has, t wo  or re ar conponents that,.L are repl aceable. 42. The
met hodqéf oI5 98 OpplaIe i R T %@%Oimﬁtrahmsta SPB WAl COMPORET SXIHERE i s

appl i edph$rocd QbR F6QThE ARIiFHAN B GORSHiRkE D c_@flﬁgdr@ﬁﬁ%quiwn@lﬁrwﬁput_er _
top-drives and nud punps. 43. The nethod of claim?21, further conprising

st or i ngystem gompnirgs erevidinglennfigastomdye spricliyiog ohoot meregdhe ilowingi t or i ng

processar .t he correspondence between raw data asurement s d . the .

Eal cul ST B K LT P Pa i o B sEitp 8 DT PR E TR En PR ey s
The methodupmeat @nfpudad sydteth! ReKctifOSRIIMS EAMLI810RE tdl: dppliad aargRment dat abase
accessible to the central nonitoring processor the processing cal culation
met hod§eappemenss, seeetivg ftligss tobe applicd tp v dafe MepBNedand selectigg a

communication route between the equipment computer system and the central monitoring

processor.

35.  The method of claim 21 further comprising:

storing in a component usage database accessible to the central monitoring processor raw
data measurements and/or calculated wear parameters;

storing in a fatlure database accessible to the central monitoring processor failure data for
at least one wear component correlated to the component usage database;

controlling a software component executing on a processor for performing data mining
on the component usage database and failure database to derive at least one predictive rule for
triggering a warning in advance of failure of a wear component; and

controlling a software component executing on a processor for implementing the at least
one predictive rule as a filter to be applied to real time streams of raw data measurements

received from the sensors cooperating with the remote equipment.

36.  The method of claim 35 further comprising:
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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

controlling a software component executing on a processor for implementing the out of
limit levels as a filter to be applied to real time streams of raw data measurements received from

the sensors cooperating with the remote equipment, said filter signaling an out of limit condition.

37.  The method of claim 35 wherein the raw data measurements of the component usage

database are stored in multidimensional cubes.

38.  The method of claim 35 wherein the calculated wear parameters of the component usage

database are stored in multidimensional cubes.

39.  The method of claim 35 wherein the at least one predictive rule is fed back into

definitions for service procedures that define component replacement schedules.

40.  The method of claim 21 wherein at least one accumulated, calculated wear parameter is a

load-weighted running hour parameter.

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

has two or more wear components that are replaceable.

42.  The method of claim 21, wherein the remote 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 processing calculation methods applied to the two or

more raw data measurements.
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