TI TLE: DI AGNOSTI C AND RESPONSE SYSTEMS AND METHODS FOR FLUI D PONER
SYSTEMS CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
applicati sdighd¥joPriority to earlier-filed U S Pat epéwﬁmbdlﬁggzllon
Serial Nunbers, 12/290,171 and 12/290,173 of the sane title, fil

COct ober 28, 2008 bot h of which are incorporated herein by ref erence.
BACKCGROUNCT IFLE:HBIA SYNOSTIO\ANDERES BONSESYSVENS AND METHORS FOR s

i nvention relates generally_to_ {flul ens and conponents,
nore particularly to the no ﬁ&f’iﬁ%%%?%ance of sugﬁ syst ens,
and specifically to diagnostic and response systens and net hods for

fluid power systemR@SS-REFERENCESTOREDATENARPPEICAFSON ption of the
Prior Art [ 0003] The principal of nbdem di agnostic systens is to

use sensi and softvvar o rea real world
events an@ggﬁmﬂﬂ‘is@ﬁ aP‘PFéC s PIeE %ﬁo heﬂgé‘i%srtqtgopgqﬂft pﬁ‘fﬁ%‘mt hat may
requi r SeaaTudiddN 20290, BTtz oo 730 g walittle Siled €tobar 28, boogjament al
to equi prrent performance and IongeV| ty in the autonotive, fleet

t r ans portefivdicheare ingepomiudiersin bl §¥picBeE: D agnostic systens which

conmmuni cate fault warning |nformat|on are vveII known in a nunber of
i ndustries, such as theBA R \EIQN| fj el d i ndustry,
the rail transport industry and the trucklng |ndustry In contrast,

hydraulic, @%qdbbitd IRP4RIon €Qui prent conponents, and particularly
fluid power "HOSES, are service repl aceabl e conponents whi ch give

little or ‘@QZ}V"a'Tﬂis eifion f@gatél‘eé}herfaﬁ& tdgd %HQexf s@’éteﬂ@ 6D c8ifpdrehksabl e

means of tmmnent failure detfection exits. power system
fai | ur esore paticuledy trthy meoerifedndunastenangn of @&E smerey@edmsiev@c@bmtu e,

oi | spi c{lagng&ic resp&?s% sys? ;Hﬁ'i rgélgod)srtgi f% h pgﬁ %tems and components,

such as hoses.

Description of the Prior Art

[0003] The principal of modern diagnostic systems is to use sensing technology and
software to read and interpret real world events and communicate the data to alert users to
situations that may require some form of intervention. Diagnostic systems are
fundamental to equipment performance and longevity in the automotive, fleet
transportation and acrospace industries. Diagnostic systems which communicate fauit
warning information are well known in a number of industries, such as the automotive
industry, the oilfield industry, the rail transport industry and the trucking industry. In
contrast, hydraulic, or fluid power, equipment components, and particularly fluid power
hoses, are service replaceable components which give little or no warning of imminent
failure and for which no reliable means of imminent failure detection exits. Fluid power
system failures, particularly hose failures, can lead to expensive downtime, oil spillage,

and lost revenue and project delays.

[0004] Cumulative damage is a fluid power industry-wide understood measure used
for estimation of hose life. Cumulative damage formulae for designing fluid power
systems exist and an example is specified in SAE J1927. This cumulative damage
formulae estimates the cumulative damage of a hose based upon pressure impulse

exposure history. However, SAE J1927 is primarily is intended to provide the hydraulic



[ 0004] Cunul ative damage is a fluid power industry-w de understood
measure used for estimation of hose life. Cunul ative damage fornul ae
for desi gmagifbdtb® power systens exi st and an exanpl ep¢wuspewicss2ed
in SAE J1927. This cumnul ative damage fornul ae estimates the

cunmul ative damage of a hose based _upon pressure inpul se exposure

hi st or yystdsoeralist witBARrocEd@e whictpwilhasipt ip thesselegtiermanddise of PigbPresure he
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means f.or di ag Ofi ng anqﬁi responding to fluid power systemincrenental
danmage SARBEFR0 IYPES DRSS t i ne.  SUMVARY [ 0005] The present
invention is directed to systemwods which are able to
indicate a potential fluid power robl em on a machi ne before
it occurs, communicate the information, and in certain enbodi ments
provi de g0eg8)Vi TRe presaaoiisentibin’ie diredta thRestéracMidnacthddsushich msiably ta

real -tine diagnostics, and response ll,eOOp' In particul ar, enbodi nents
of t he iBsigaienpotemHizb AidPRWEHPISE BroplediTca Mahing RFEPIEAHIFCES: det er mi ne
when hQsguhfcStelife iﬂﬁﬁ‘ﬁﬂaﬁ&n,'eﬁ% ir?zlfégtain%‘ﬁ%dﬁﬁg?&%rﬂﬁﬂéﬁsérbﬁe rdspadpeni t t he

information together with vehicle specification, systemdetails and
vehi cl dirgetde thg npashingi thas clasieg p rfabtimgdiagnostiss enbiesposedenPclit ed t hr ough

a pre-d [ ?[EH‘FI f] i I iLkpitates a
res poné’ g}@gﬂ%’ %gl%ﬁgl en :Baf?}?ef%?%}ﬁ&g%s}?%é E?lmﬁ%%ﬁ%ﬁ&drﬂ%ﬁq{é@ﬁ\%n) to fix
t he pr aleteaninbeen hosz 1ffaid nengngitderdioBath eebobiments then trah@006e Thus, a

key dif.ference between. the presept systens nmet hads and_di agnosti c
r egi rreénfgﬁﬁ?tl??é%ﬁqﬂﬁr&"ﬁé’ﬁﬁ ﬁ;cfﬁg?‘\afaélgxi 4 S?Wa‘fépa?'ﬁém‘é)?{egg%ﬁgoé“{}gt ems and
net hodgosiasRUThERtRmAesER el cobdnbtirttapauiiougly s perddatited and, where
appropriate, vehicl e/ equi pnent | ocatjon. The present sysﬁ(?rr@ and

met hodSORIyEIcaHe Ghrandavhich & WryBRePEAIes ATFFRORET 10 BePPal fAlELEe

with t Is@RAd QoledkRilGR LRI Mwhahesihal fluid
power sﬁg't %S?ﬁ%eﬁ%@sépb}gtgﬁgﬁjtb?\eabogcur. [000“%] Enbodi nents of a

di agnosti foh&S PaRGE a?%ihﬁ’g@g%}%}é EQM%eﬁﬁx%%él%%st%E fnd RBhBALARAN

i nvention, conprise: o é i agnostics equi pment nonitoring fluid
power siisnesticoegioneetmpbyehih atberindugiriss isgbatdl pragent syistegrsend gethods
conmuni cati on stemiransmtfj this Jjnf ' a central

| ocat i ocr?n%%ca? ol %%‘H p(s)‘fvé{ g|y(Q)t% sfg{rﬂ\tjsea{rn H ‘%‘%}g%égpr%aa%ed wound

st at i onyehizte/dghdpnienkRcglicns e padsemgysanps anbhethodssfecinhiyee dath or mat i on
and preparing a.syitabl e response; and a response netwprk able to

o ovi dTRBLESRIGHle i EesDRiSe Mat (hE PO et Rar® LKL AERET

repl aceipRakial M poRertNoeMahBRE Blforel RBUCaUses machi ne downti me.

[ 0008] 'Mbbil e diagnosfics is a rapidly growing field and, through the

use of thepgd7es EMboAURERNSE AdlterTBlidREfonsd $ysRhtnby, i Rdotdanke @ith ehebot h
mobi | e and stationary fluid . _ i L ‘

present invention, comprise: on board diagnostics equipment monitoring fluid power

system parameters and warning of potential failure; a communication system transmitting

this information to a central location such as a ground station/server; this web based

ground station, or the like disseminating application specific information and preparing a

suitable response; and a response network able to provide necessary on-site service, such

as hose or component replacement, before the potential problem causes machine

downtime.

[0008] Mobile diagnostics is a rapidly growing field and, through the use of the
present systems and methods, is highly applicable to both mobile and stationary fluid



power systens including nobile construction equi pnent, agricultural
equi pnent, stationary industrial equipnment and oil, gas and mning
equi pnment wo 2010688 The present invention | everages deagnesis/essid
comuni cation technol ogy for use in fluid power systens. The

i ntroduction of diagnostic and conmunication systens into fluid power
syst empowérf ystsmaineiudsgpoeilevionstastipn equiprmend, sepelivrplegeipmedt.f i tti ng

f . ) i - f bi | fluid
T oG AU SNERLh P, M sy e of, Mot fTuie
i i | h RERAN
ot et o6 YR Sen BRI 1848 0 8o fle P CoRAiLddch Apotogy
net wor Ker weath flid gewarsyttemsethe muedueion bf dapsgstibetd exmmmdeatmhand t he

operational usage.of their gr&ducts; obtain.ui_a .gata that can be
|t er pregUEEE G IHOPUE DHEMS 0BE B SRPY MRS AR PRI et ner a
pr oductfiiiasmbReAnise dndslippliets, Afwdil 5 tlesidoned JFaicdiE Heidpoweher eby
i nval idating warranty coverage; provide data and narket know edge

t hat wicAvipmed t o new and i nproved products; inprove its know edge of
hose testing and field use; correlate |aboratory tests to service
life; prol0Hd dadwartagepyshy, thaprespnt haestipard emmpwieation Ayitens adt t er

def | ne puRONCaLFPPRLL ARHLARS ARREH: L AR HRL TRASHIGS LS BlRpCe:

[ 0011] er advant age e present 'systens an S y
enabl e datritedjon peeetksrand td gokutenevorevenesiieans; thetterampireipnd tevi ce

i ndicators..for fl ui ower, systens and ,enabl e the offeri,ng a better
| ndi catopBRioR wast PEBR PR TR p e RATER ST inrrElo PenviaR

pr oductigprivt@ivairitey chayszeDideitify Whppeta b daathasibe&nlisednakiic 6fiss among
other things, identifjcatioon of equipnment use outside design

par anetdssignadparamtiss dhssehy inyalidghng WARINY PvEEASS; RIBYISE dofe ebdimathsht

per f or ARG RIBOGHVRHIT1BRE % neRUBA dlFrovadfhofhdi8 imbRDE ith RSRARBSE: STHbYd Ce
repl acenments for field applications; and inprove designs and service
life. testipgaudficlbued comdlaty laborrory testsintseivivg diie;ipoevidd data tenmipraye

equi pnent.. X : - entative
i it oriab et AP Blferk anRie B B RO NG B Rl e M BB s o
site; meustred pgréorfnenaeance of their fleets, nachines and operators;
better assess critical spares inventories; and inprove the

utilizati @10 dednitee advantagpd) @i redentuydiierns nhd mefhotihmap eesbbrdn

oo B RASh ST Bt PRI AL LA PL 0 B AL
in a differsn thabferist a Betlel HdtbaRONES seBi&d 1880 BRLIsRetdN thonitbt S
prefer asl))(lstgmg and products after they have been shipped to end users, enabling, among other

things, identification of equipment use outside design parameters that would nullify

warranty; offer improved equipment performance and warranty coverage; and offer fast

response service replacements for field applications; and improve designs and service life.

[0012} Preferably, the present invention will enable equipment end users to:
schedule appropriate service and preventative maintenance activities in a timely manner;
avoid costly breakdowns on site; monitor performance of their fleets, machines and
operators; better assess critical spares inventories; and improve the utilization of

machines.

[0013] Embodiments of the present diagnostic systems for fluid power systems
might employ a plurality of pressure and temperature sensor units, each of the units

disposed in a different area of a fluid power system, each of the units preferably
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monitoring each hose of a plurality of hoses in the area it is disposed. A control unit
programmed with information identifying each hose being monitored preferably applies a
cumulative hose damage algorithm for the identified hoses using monitored pressures and
temperatures, and warns of out of specification pressures or temperatures or hose damage
in accordance with the algorithm. To this end, the control unit continucusly applies the
hose damage algorithm using the monitored pressures and temperatures to estimate life

used of 2 subject hose and warns when a hose is nearing the end of its life expectancy.

[0014] Preferably the control unit is pre-programmed with a number of variables
for each hose. These variables might include a burst pressure for a particular hose, an
operating pressure and cycle life at that pressure for that hose, a rated and/or maximum
operating temperature for that hose, an alarm temperature for that hose, and/or the hose’s
location in the fluid power system. Preferably, damage calculated by the hose damage
algorithm based on relative peak pressure can be modified or the damage calculated based
on temperature can be modified, such as for application or environmental conditions.
Also, or alternatively, the algorithm varies according to the information identifying a hose

being monitored.

[0015] Thus, in operation, embodiments of the present diagnostic methods for fluid
power systems might carry out the steps of monitoring pressure peaks and troughsina
fluid power system circuit and measuring fluid temperatures in the fluid power system.
Damage to each of the hoses in the fluid power system caused by each pressure peak 1s
calculated, based at least in part on the relative extent of the pressure peak and the
temperature of fluid in each the hose. In particular, the calculations of damage to a hose
caused by each pressure peak may be based at least in part on the relative magnitude of
the pressure peak, as well as the temperature of fluid in the hose at the time of the
pressure peak. These calculations also may take into account degree of flexing of the
hose, the time in service of the hose, application conditions under which the hose is used,
such as ambient temperature and/or ozone levels, and/or the like. These calculations may
also be varied according to the hose being monitored. Preferably, the calculated damage
is cumulated to estimate how much life of the hose has been utilized. Thus, monitoring
and measuring continues in order to develop the estimate of how much life of the hose
has been utilized. Subsequently, a warning of a service condition or out of specification
condition for the fluid power system or a component of the fluid power system may be

issued. This out of specification condition may be over pressure, over temperature or an



nonitoring each hose of a plurality of hoses in the area it is
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Hence, the information and position may be communicated to a fluid power component

supplier, through the pre-determined communication channel and a response vehicle
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equi pped with replacenent fluid power conponents supplied by the
fluid power conmponent supplier and repair or maintenance personnel to
be enpl oyexb tmowaspond to the warning. 100191 Thus, revosmiomedzs of
a nmethod for carrying out the present invention conprises acquiring
data from pressure and tenperature sensors disposed in a fluid power
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of cu i g i
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organization and method of operation, together with further objects and advantages will

be better understood from the following description when considered in connection with

the accompanying fignres. It is to be expressly understood, however, that each of the

figures is provided for the purpose of illustration and description only and is not intended

as a definition of the limits of the present invention.



[0023] FIGURE 2 is a diagrammatic illustration of an enbodinent of a

fluid power di agnostlc system [0024] FIGURE 3 is a flowchart of a
met hod forW9I29}10 638her di agnostics in accordance with PREUSEYMTE2L
i nventi on; [0025] FIGURE 4 is a flow diagramthat includes an

enbodi ment of a flui dmﬂmﬁﬁg{ I [ may be

enpl oyed in accordanc met hods;
10026] FI Ls.a di agr.am, of of data in odi nts f
present s@d ?ﬁm 1I F2USer lr\1/%1?11?“” 18ﬁ%ﬂﬁo?od?te€b 8%H?r?°f hoe
al gor i tspegifiarian in whiol AK4 nﬁhéﬁhﬁﬁeﬁgﬂﬁe ke ﬂa@tﬂ&hﬁé&at@ém%dﬁfﬁ&ﬁl@df ther
fluid power .diagnostjcs and re ponse I.n accordance with the present

i nvent i BBFCOIERYERPPRR T descriperg peryn loprgianethe pnaﬁp@ﬁﬁf)@rs ment

of a fliw&tiepVmrhdaaengsti ¢ and response system 100 is illustrated.
System 100 preferably enploys a fluid power diagnostic system such

as fluid pe @gRest YIS gure
2. Pr eferablme, g!{/stems 1&188 and 26%%%@%?%%%&%%‘2% g%ﬁl}t r#nE?IVJZZi(S

i ndi catcbagm@naadrqsawepm system conponent, such as one or nore
hoses is nearing the end of its useful life. Various enbodi nents of
syst ens 1923nd FEXGORELus h digraniogis illidtagon af acemodine oés flbidgrove?

enpl oy ?{?05 S?&:to transmt information about the status of the
hose, to er W th vari ous vehi cl e/ equi prent speci fications, such as

t he type or v rlou machi ne

f1 uid pom@ﬁn ?iﬁfﬁg%dl ﬁ?ﬁ %‘f % ﬁééﬁ]hiposweé ‘5%9 tion to
centralacbdrdzaicewﬁthslw.ﬁ"reaatinbéruﬁ)hr ated server 105, through a medi um
such as through w rel ess conmuni cati on nmedi um 110, such as the

i Il ustrat po2sjat BIGURE 4lis BlowHiiNg¥a that aRYudes ke bBbsdimbmtof aSedpdisera

conventional wrel ess phone, short nessagi
hose damage algonthm Elat may be employed in accgorda%ce with by the present systems

and methods;

[0026) FIGURE 5 is a diagram of flow of data in embodiments of the present

system for use by various embodiments of the present algorithm; and

[0027] FIGURE 6 is a flowchart of a method for fluid power diagnostics and

response in accordance with the present invention.

DETAILED DESCRIPTION

[0028] In Figure 1, an embodiment of a fluid power diagnostic and response system
100 is illustrated. System 100 preferably employs a fluid power diagnostic systern, such
as fluid power diagnostic system embodiment 200 illustrated in Figure 2. Preferably,
systems 100 and 200 employ predictive algorithm 201 to indicate when a fluid power
system component, such as one or more hoses is nearing the end of its useful life.

Various embodiments of systems 100 and 200, such as those illustrated in Figures 1 and 2
employ modem 203 to transmit information about the status of the hose, together with
various vehicle/equipment specifications, such as the type of machine, a machine
identifier and/or various machine fluid power system details, and/or the machine’s ground
position to central location such as illustrated server 105, through a medium, such as
through wireless communication medium 110, such as the illustrated satellite link.

However, any wireless link, such as a conventional wireless phone, short messaging
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service network and general packet radio service (GPRS), a W-Fi

net wor k, including a W-Fi nesh network, and/or the like may be

enpl oyed. Y¥QFUHE232% hi s i nformati on may be transferr edPGEUROYPEEE
mechani sms such as wi red comruni cati on systens. An exanple m ght be a

LAN th i,cates | r |t i 0 atj.onary fl ui ower
systen?%gggqggﬁﬁg%Pé%négb%ﬁ ef%ﬂgfggﬁé%??ﬁgﬁaét?@éFXTﬁk”B%Elgggbly
has be&¥i-Pirreash aatsloyk, pndigr tuenikd nviythle espégied.i Rurthef, cigriafdronationd may be
subject fluid powey system 112, uch.aﬁ t ype of .machi ne unting the
Fluld pouRire BREire s ReR TR SR Hred GRMERE AR IRIoBH. AFX&mPita)
nunber nphtttae 190 SRE Sormanit MBLIndthatb ShoRf 2 RESGRNPALIAGoWRkREAE,

etc. Information, such as the aforenentioned machi ne type and ground
| ocat i GrfonRECHH GORMPRIBL: PHBGHIKE, §@ew¢bw5dxefarabbrd@ﬁﬁmawm5r acenent part

(hose) i . ) n
ocat) SRUBERFEWRE SRERRIANE A pDEn eI bl EO (TR es bpe |
of | ocalf mizbhineimpavizg ticofiwd pewer slisetr, buton®rmationt, penelal pesitidiarsl

comuni cati on. may .t ake place over, a dedicated |lin r over any ot her
sort oo pPBRY ple Yokt AR B e a AR bR Mo 9t or net

wi r el edsfoandion) sush betht aftterh@ltiRRBdRACIEYSiyBEinddFrottiElotdtiea; alRgswERSsS e

net wor k 113 preferably di spatches, or directs, service vehicle 115
(or t hdlaphReatopf fracRBmepddisPiagtacn BHF HIOSMERE SHice BTaceIurRemapke f i ed
| ocat | @RnsiittbdFBRRERP 1o EPAoredpdRle Htld:RN$3 wm{cﬁfn%gﬁtt}!o)h fgre the
fluid power conmponent (hose) in question fails, thereby preventing
downt i metworpHpcad fihukpover componest diseiutersopt thadike. Thig cop@unibitignost i ¢
system r . i it hi luyid
pover BOIGUERE b PUARGUITATE kS B b BE Rl Hlaioll
of hosasdamg snadpsthsIntasa) 4 wirviess @adeoominedineatleghone bysnme lor shedikeas
satellife |link 110, wirele 0 ni cat.i on |ink tc. raulic fluid
ond arBR R PRy GRPRi o Det et b P Bedt® The
pri mar yvifhuhe ippeshriate Bylat@men2pid 18 thedspesfitd R &idnN @itk Appbropridte fpaRf a
fluid power hose, in real tine, allowng for replacenent of a hose
bef or e HPFIAS RBEEEPY. bofre fhsr b powenropan et hasrup aysstien filsatierrey
danmage padvgRtidgl WAt ahl/of otMBNARLeSHERd Pobidroycharted in Figures 4
and/or 5 and conprises a plurality of pressure and/or tenperature
sensor  unjgh$o;2 1hiaghéstic FOUEM 980 HaSurd e BRMInp fuld ﬂfdrt&nﬁératnfé’\@l b

one of ordlnarz skill 'in the art will appreciate that Inh accordance
wi t h t Waidpayes nesesoalsniatasdamage mednsecentape sbestionted lifessediofihosebend , or
certai n I ] . oved h nt, systenms and
met hodrs}%%ﬁrgg‘{sgirt %ﬂ?f} N L@%’é‘ﬂl %%Or{)ﬁléaggn%ﬁ séohrasuc’ %l')é{htste ﬁ%]p{ ﬁ’zg"bfélé* in a

di f f er entnanatiof lirk, éteuHydpolie fluslysiiembisahaie fenwietdturad inayvaleabd sensor
to nmonitor the perfor ce .of a_nunber. of c onents, such as

nunber %@S%&f@@gd.m@f&&n PEMEDLTERONGS ¥ 200 Brie Py fkera atiean

el ect r Qffh GlufigRivePhodéNintredl BEld) allAPinB TE1ERARBRAENVG ftdhosé BEfRF@ilien
identifying each of the hoses being nonitored. ECU 220 preferably
appl i eSCHES L akFRYe Suityn LR AMPRYY cHiBRlatévrctimsge plgarithactitl inaderores es

usi ng Rd 4 QRRnEHRIR HAs sa@nﬂldﬁo@rsnaglﬁ_%&%ﬁ&s abpfdiait gf#n@?éu? &

cunmul ative danmage al gorithm 201 and issues rning of out o

speci f iteoraparanresencorvmisvid 1 -23d e Four sasars are ehper mtligwes 2; osoedanage,
expirati f..nesg usef.ul life d.or the i in accordance with
o bor 1 R 13 e iR teppick e Bldn ool ABe 6 meiebes SRV SRBE Sl e
of fai numberadf striversEleks thivs fluf, canrert4inlyfntdrt tae fadr canve empléEbpthesensor s

201. 0030] Various, e di S 0 i.agnosti c system 200 provi des
an int & alééy;‘%wdage@%ﬁ eﬁ%ﬁﬁ%ﬁ&&? MSEnSOR PRSI disPossd 1 oy

connectyifderd aB2REE AidPHRP St OHRSS A1 DRNEChH SMis6 o ndHfdr B3 Per sonal
conputer or |aptop conputer, to system 200 for collecting information

r egar diPsgornanes of anpmbgn df ermpoperisrackid 3nuikey abbesenrDirendstio systéne
200 also preferably includes an electronic control unit (ECU) 220 programmed with




[0032] Figure 3 flowcharts nmethod 300 for inplenenting diagnostic
system 200. Met hod 300 nmay be inplenented by a system such as

i 1l ustrat ¥ORHIEIE e 2, and di scussed above. Met hod 3BETUS20LES821t he
steps of nonitoring and nmeasuring, such as by sanpling the outputs of
sensor = . 1 ' Lure.
The el RaThjexRERRE R AR A0SRt U 2 IR BRI 2,
out at lwsé deupge nlpprithing k0 efoo agth df theadantified hbses neing waniitodd tpeeskwgedei ng
accurat el,y measure ex | e at requency. sufficient to pick up
very e SeTe e o a0 T RGTeGis St plibe Tmese eoum A0 Ok Re) 1 om
As di scugahiag ofbR\E spdiificatiBia@édstige)neksied bl RfpB@nirss, heweidainkad ed by

di sposing. the sensors_at _a plurality of nore-or |less_centra

| ocat i GFBITHIGE haseatiely tifs. aitd ardbpslikepierceamangsrvattealepitymeOp ferrearh ty of
hoses. dinci3ed 3TB0GLELOEERCI0NRI8VA: SMRiN: U heRROWST: aﬁ/@hﬁoﬁnfﬁﬁlyéed by
each pressure peak 1s”’calculated. Preferably this cafcu ation 1s
based, oftont emmoreiof sgpamots 20bn the rel ative extent of the pressure peak

and the tenperature of fluid in the subject hose. As nmentioned above
and di scuf®ae] i Vagpeadngvoditetms of diadnostjc dykies 208l provides aprinterfpdepyisha

Fi gur o<t S PGP UB e s BBk AR o rftNEE et g Thee EyRLR R

cont i nuizvicatsud0as gegsofBlivohpiited BEllapidp Stinputel) €0 HsRHSRIEP edl kestimnd
tenperatures, so that the algorjthmcan _devel op an estimte of how
much hdBEOTRAMR TERATLNG & Waghing 2nf op oy generg|ly fiagpese or weaHoR the ORAr#iam At hm
det er m e subldediiuia pdRENYSRIECMRAMr Uid@RoRt Is§didm 2bH abelf &m@&ﬁﬁﬁ,tpdnmztshe
fluid power systemis operating out of Specification, or that failure
of a coRpobalsed tfentds asqr| P HAPBEE MPYistushab dispysaedleatew withaespeeido i s

i ssued ' ' ' .t he
war ni ngﬂﬁ%@;ﬁ%‘“@sﬂ 3%8%* gﬁga‘i‘%rgﬁ? %ﬁg)fne?g%gﬁi Bg{p%géu@!ﬁc%g&an%%/e{%bgw’p% t of
a fl ui dhpbker di agnostic and response system 100. There, a response
can be fornulated in accordance with the present systens and net hods.
Addi t i onal[d03]] orAsadotedrabatd, dizlgpostihsysvan A0 glsorprefdyable archndes, oat dhstio an

equi pnent operat.or, su as.via alarmtelltale |ights. 230, .shown in
Fi gure %’ocfaﬁe a%lilbmgﬁ@gb\%ﬂﬁﬂéﬁﬂéy 7%53851 CEpUpRfRie gﬂﬁ"%l”ﬁ@&lﬁsmr ni ng
310 naycoeerhisg URAEOpAvEERieE taad itPEorforRPA, hit ARE $dentifiedioh enferifloh
phone, via a CANbus of the pachine nmounting the fluid power system

or in AWUIhHETURBTH AR PLEWIRRETheatiqns ichah Blay bedeayeddtys@Rt medwsr ni ng
event, 3t & Jind LNk ' ' _

i nformation %uc?crgg&p%giﬁgf %%h8?%%’?2%%%??€?ﬂ%§’rﬁ§%é%@%%§ﬁ%er :

i nf or mathipinforsiatien mgy bouseddo hroaidera ro¢empiere senagoesponssaivth agdisqudsed

el ectropi.G. CORL L i I e

ocat] ouess RALERany Vdmisgs HEL B8 orpufitAR0hapE b Hle AHiE 0 HUher
conmmuni Wsital arugitatyemchaishesusieasedisplay sdré@&03 For Smngpifoles waningahight

cunul at.i ve da .al gori.thm?2 js flowharted in Figute 4. As noted
above.  BARITAET e AT LB 7400 eTeAs o e Brep JBIcHap oaF o

est i mather paftichiabends bf fie seidel cahdiMen(Sdraneof PembtaRnsh&tioREoRr €
specified_ in SAE J1927. The SAE cunul ative danage formul ae estimte

the cunfidpewer sysipmdd2 oF a sompentRidbcilivig PRWEF 860 e i npul se exposure
history. This pressure history tracks tinme oriented variations of
i nternal 083k ufegure3 Joweharts meshad 309\ fox winlenesiag diagapticyystem 206y be

t abul atgdinBY 364 Shi BY; [ .?Hf‘ﬁ I Ni muns
fromrecorded pr e%fs}%lrngplé@%#gﬁg}e% g%e%‘?é a%laagﬂg{;gﬁlk [ caﬁ[t?r@(r%ﬁ%}d:mrrs and
m ni mundiscassed ebdviee Matieak3N0andudesdhd sigps .of Aiopdaing sddeédsmeng, aschaes by
maxi num_bot.h preceded .and f d by a m.ni | ess than . .the peak by
s pect PRBPE s SHEUS e AR PR R e Bouglo i M U2, Pey'; <
def i nedemperttiee, STHRIsk@flingioic eI BR tVIS fdnRbEHY dndeadbuRRak Sarribd ohtsat
possi bl e_for peaks to be |ower than valleys.in cases where they are

a frequency high enough to ensure all relevant data 15 being accurately measured, for

exa.rﬁple at a frequency sufficient to pick up every pressure peak and trough occurring in
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11 the present invention, it has been determ ned that fluid
tenperature, even noder atel y elevated | evel s can have an effect on

hose ||fe"Y‘?12‘H°fP?Za%9d power system over time. For exanpfEUSIH*4p3¥

been enmpirically derived in the devel opment of the present invention
that geRemah hywsR§akhNds SRTRIE aﬁcﬁzcahi@ AR 8suri raﬁ@ﬁf%ﬁxt@r%%k WcHitated
tenperature i ncreases. Thus, while in accord nce wth the present
syst emby disgosyig the gensersat splurdity ofmerenanilessicenral fovaigensfagsopiated withyatbe

vi ened A i pr [ onse
syt omets epb Bkl e B ek oridfesE AT 368 bl BB R 8RB BRI E
er r one posexystamphused by abcupressoredieak is datcabuddt Prefdblyhbs celkaltiiares

effects of differin es of da i event. The al gorithmfor

Uil P SR PR B v s Bac e perae Ak L R ed on
st ati stfiufdih tﬁ@.ﬁlbjeelgldd@-t As aiRdtibitd AbHRY AldeBschaed Of Sreft deeiNsisermd i n
the SAE fornul ae.. These factors, in addition to significant pressure
event s CAlFHalIQRRERIpYs & ipRtEe Bes damnge ialeatithen if AMYARRISIGNASSUCh as

{1 exi okt Plgulcs BEnbAP SN AP ES0RANE WRFMCIDE 530 iR dymit GhayPr ESSUT €,
over tenperature, ient tenperature, anticipated anbient 0zone

| evel s contmueort 30hte horkiter and nje@@Sthe Ipmssucrdpeak's ampteg@ﬁmturbﬂ;scetﬂat the in
accor a8 L JeI8oPLeSE Mol ONEN hoh SRR Al ABLES AL B
preferapl’y preée- &1 71 Suc i AS 1on F BEER systens
and netbad¥Wiea hlmﬁl@ireluﬁwmhaimymadamgee cmﬁ&pﬁm@lfsmt tmt i csmpneninhose
maflw@ﬂgower sstem Thus, e syste gnsms%alled the ECU
is prefﬂéer DOV Gy sm%@%tm q“ﬁf’ ‘F%}}‘?nr‘ért ptdailyrg of feompRRnsat oy g

moni t O&EMIaBMéﬁF@aallylrﬁzhﬁleﬁw WRaInedABOA 285 ORT AS BRI 886d) ahPSE
bei ng nonitored n order to estimate end of life reliably, real -tinme

pr essurgrEAar dessiesie.the wrsira mayanissuedrte 2 epitablpsatian s auman belte
I nstal latl,en gl af %W%P&:hgﬁbé %?d &Qﬂ&é#ﬁi&badﬂiwﬂéﬁ%g?&b&%@ @l be

i nst al I ation mght 1nc or each particular hose: a maxl num

oper at |fmgntlmrberaa¢qndmce aiith|thq)pﬂemt getants, andﬁmedrodmay&dbmomim essed in a
per cent; eratln . maxi mum pressure; . a [ st _.point, V\/mc may
Pr 0. arefpsLoBE Ak maY pE R RN RET BE Guicihedl Sl S8 o e

t he nunben taftalp hglsts 0B® shywh aangﬁﬁelz Thatdoudadie itk Sisfiresehedystagis aad peak
threshold; the flex the hose is subject toin the installatjon; a

t enper AU FRERMED BEY Yeissusddo £ epﬁsgg’c or Flypdrppstighia oell s g
flow dippghe mataf@Amefuﬁee@aaﬁn@ﬂB&ﬁingeﬁE f1@H pblved sRANVBF mhaﬂ§ gianage

al gorithm 201 that may be enployed with illustrated énbodi ment 400 of
t he pr @pERprizipmaBes. Piaferblyy ognahireta Wamingssvaw dapfooytbe dagnasties

3051 or SRR bR o O AT TR e P Rtfte] (7

pr essurserig eambéromftmrpaon radatingrto ﬂmslealthmﬂhb lsqnsuteraabhng zirzdmhcmomer ce nt
f th t f h t
For  eaengnlle VR e Rinels PRapiEl i elios ehPrL s icaly

addi t i enasmmad viathesonfddnicaisaRyasmapkiseati. on specific data such as
t he amount of flex a particular hose is subject to during operation

of the sujmosyt Ahtehibopionek oﬁMﬁﬁtﬂmvemeg@Qgélﬁﬂiﬂﬂml i§ Wdwcithi3d inwhi ch
may be based on a percent of the useful e of hose, which _has

been udeBire AndF Raiet horeFUMUAvE damege it ey IndyslTy widejupdersaed®ay phit on

t he us f &gk t%%n?a% age of
t he o?g%ﬂksdgrﬁgre%gl?gmmd 1|ﬁnputs 8%%%535%@%?;?%%%5?33%& %%?t 225,

or t Ihe HPe ThebpEymnlptize gan@ea?pnwdaq)@ymapﬁtb@ ewswiet trabwige ef/a beseor .
im 4 t . t
et hoad i PPRBIEIRES imeapetmis SoRne 2R et High0 Rtk R RAPEREous

t enper amatiatéoné 8 inde2dal pvmzﬁla im@afluidgpooet Herhethotd semids At Magbd- 214, or

t he I|k Ad tLonaI sensor jnputs 425, such as anbient te rature
may be %%’%ﬁf gf‘ﬁ%@“%ﬁ"fjd liye watHEyms and gupigiyms from recor ed

pressure, versus time, data. Significant maximums and minimums are called peaks and
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[0038] In operation, a warning nessage nay be issued at 430 when it
is determ ned at 431 that instantaneous pressure 422 has exceeded
maxi mum r XRAPPESTure 403 for a hose. Sinilarly, a waPRI/N§HEYSERGe

may be issued at 430 when it is determ ned at 432 that instantaneous

[ 0050] HIER ARtar RuehHEPRISR T p M DO R IS b RR L Bt esn |
gener althap tokeysxak bl adpw;;ﬁ@immqnassﬂn'aghcﬂd ecpﬁ“exzedﬁalaﬁﬂeﬁsurép rA valdyiing a

war ni n t 430. As sured |ntanta ore re4

out e i B A By DA s Rt hik B bR Yoo B
rel at i uew@nemsuileysif akss whelcardyade fbtQdjabit alikewit, dhilvg cﬂﬁﬁsc%ur e peaks
are used at 442 to_cal cul ate hose damage, for each rel ative peak

usi ng &reeteRthagporadiasentingakss d%]eélérﬁsw&@lff%ntwéaresw ds thg magaitude of

cal cul %Eésaﬁe Hﬁﬁéréﬁ@e {HPH‘ rfeﬁt%‘i pRASEL) WRAvdRS hliShaRA0 8@4Sent RIRGTAL 4 ©
424, as applied he cal cul ation in accordance w th tenperature

I €S POoNSEPIESEITY élsmthamwpmw@stgfaﬁcmﬂ hig theeshald(diffednta|peesbat) ion may
be furt leo ch_as t licati.o factor
a1 (i cnotep FREbICEA B4 Recloog O Boe U pASECELPARASEIPL |,

ozone Ipeasairs befdteand aftend mbeichumate kyed tdj@@%erltﬁarﬁtﬂmekhmldt theﬁ maar

cal cul at ed nodifi.ed, damage for _a parti ul ar ose st or ed.
A 246 TRHIUE ARSI ek T BBt Bton HPWGE Br §5RiedResk 1 ¢ the
summed pRasags APr1927 Bﬁqbfdﬁr@ Erful ROBR cQHERE BT 1RSSR Gadeti logg@rro thhen
a warni ng{ nmessage, for that hose is issued at 430. [ 0040] At 450 a

det er mPf Pféfh‘“‘l'es made whether age limt 415 for the particul ar hose
has been exceeded. |f so, a warni rcl)g message at 430 is issued. If

nei t her cl@f3flat SHE Jaerjerasss amethod of axsessingthose hfsibasegia, P-hoturves
i nst al laﬁg %eksfu'?e 11115:81?1 Lﬁ'il?s iﬂﬁﬁﬁlol?lgﬁpthgﬁggs@ﬁimesaﬁl sl}éﬁﬁ@zﬂlg #28me peaks
respectiv mal nessage reporting cunu nage sensor 13
r eadi ngﬁ}lmandemh‘ehllch kserarelythb easessmdtngin odstes@meridohef deoiape at i ve damage

cal cul at.i on turn to s 004 51is.a

ot | Qo TR ATt Boritb st o Bl bor Ak dopessfe oy ot em
for us @r&mvpéMSu@Mafmhﬁ patictlagy wrea@ﬂme RbQ e peliltd wifdre B@1 user
i nput dat .such algnP-N csu4%?1(%gfornatl on, hose information, peak

t hr eshéToé} istegeateg thanizerg, ¢ IgRORFSIgF OFMBRS POV SERIRRM at i ve
pressur, sﬁlﬁm%l%hﬁlfhﬁiahféﬂﬁllgknﬁ‘%asp@&% f teRipeiaalr8 Dhr¥atioh Bh hobSIEk
input data is forwarded at 505 to a cCentral data repository, such as
cent r aland applisatigendiipes fms;b Bs fayputy afdose frayngh bosedwishredtednal eondiféons
central, V. 5 I r

ot or it Lok Ghng b Aenetnl Bhipb @ drSle 97 Mo ol eyl |

r epl aceplstem Spﬁ{cﬁﬂléa}rlﬂm ps@itéﬁqw obshmell laslstmathu seleltionlanth usrsoﬁjygh; ensor s

211-214. At 512 a rm na n i,,S..MA r ef er abl

= r oo dlrEire R rBntoRceg VAR Boher L TRE oo s B rekdunse e "

pr essurfer @RpknentdddheiRdes, hiid auwfﬁa&ssﬁ@ thie pledivtion Beames glabgiseeh at
512, this Rressure peak, and 8055|b its duration, is _provided as an

i nput  tc8n4iRenscyifhspatnug dhgpghoutthe lifpihe maghiag, "shos cleatly pefd out at

503. RegadssHidpthe @hseM3GHRE b RAI-ROHA @n;ﬁ@tﬁ&aﬂ:lé cﬁiﬁltg@ﬂtnﬁ'ﬁt yces2, pressure
measur enent at 510 continues. Additionally, the pressure measurement

at 510 Gonversdy the pEpGsetod theyesgat dguikmhsio rtrh*edm waablime indicationofhe| s
over pr r t he
or cssord ne R i B bRl P Bl BbaliR, B A EN ol O

i ssued ratching0. However, if the pressure is determ ned at 515 to be
wi t hin nor mal pararreters t he nmeasurenent may just be stored at 517,
for transp3s]i oWk St 11907 rﬁ:ogﬂkéﬂﬂitC‘omﬁfﬁaﬂorﬁB&dS}aésliOﬁg -fp@sage at
525, which may be transmtted n el apsed tftdrg%@tracked at

r

bas
518. CUHRPHS 8"‘6‘?’%%‘%‘81‘%”&8&%&@3]68 E’Eﬁ“& iteyARerafpee conldratiegt thepverpll 503
usi Ng MRkdskatfolP BAK EendRERGE ebrall iRds AR Bpdies WavendtBear FRkiderd”

in the SAE J1927 cumulative damage analysis procedure. However, in accordance with
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[0043] At 535 fluid tenperature is neasured, such as by sensors
211-214. This tenperature nmeasurenent may be enpl oyed at 540 as an

i nput to aYQ #HYEHAPure conpensation factor to be appl i BE/Ppr009/005821
currul ati ve damage cal cul ation 530. Fluid tenperature nmeasurenents at
535 nm . - 1] whask jd

t enper ﬁ%ré&@ﬁ;ﬁ%@é}ﬁgﬁﬁgﬁ egéggrtu %e@ﬁg%@e?%eso, ’%ﬁ?ﬁ%&%y be

i ssued ekivats@ tevelsioambave anieffectipp hobaiifd in e fpet piwer eystsn,dotetme.nBet t 0 be

wi thin _pornal. nanet er.s. 37, asurenent . may be.store t
S 1 SRappR i RRORRELALEoRl, RRdre [ e FRRTHERAEM Bl it eI, age
at 525.generallyl@@ddie, Quitiageto layhos@incipdsts aplu@nemptrituteciipessat. uTkusiray be
measured.. This acggi ent tenperature neasurenent may alternatively be
enpl oy &Hlgin aopgrdgucewith {hspreseny systerasng metpds %%ﬁﬂéaﬂ S Yaeor to
be app'daﬁﬂ%é ﬂ%nﬁﬂlﬁ'%a@tﬂe\b?e»%rﬁﬁg%tﬁ@%%@iﬁ%ﬂﬁe PRRent Hlaand LiERAA AlspdrRe
measurenents at 542 nmay al so be evaluated at 544 to determ ne whether
t he amisyspms ansrmethedsfpensedn Huidnewer systearss SAEURPEcmalied erplieogs, a

. i ey o1 ¢ . .
ot or misahigf AR iy BRIBY e orieS oRIHARE hECBEL S T C s
be st ordathaging bdent. Tloy alperéhmarfosainoiatas deaage oded by pier progthtsysemsahd

ti t 525, .10Q451 Th | at i d L cyl at i
oL AR RS iy o BRI PR B B RS | on
503 by s¥mfoviniige AHeSRCHAL I AIRRANES Higaitcan plasireeva®, incdebilom t he

fluid tenperature nmeasured at 535, such as nultiplyi ng t he cumul ati ve
pr essur'@TeRHETeRPAFRIPARIOTRA BsUF apkexing, inngyofiting the Bescabave bepr

rel ati vesagdi wepﬁ.%&su?@waqemp&amgh&ﬁeﬂnﬂ@ﬁw@mr&, IRRGbRc Bynithe
tenperature of the fluid the particular hose is handling. This,
nunber ozene levals, apdlanthe dike.ne greater than one for fluid tenperatures
above a maximumrated tenperature for that hose and | ess than one for
fluid tenfi¥36t ubresrdbetopredidibosealide mimcpalanet Wwidnihe patsentanvention, lsenterdlose
100461 CX. I in S, .545-547.1 umul-ati ve da e

cal cul daraneBEBRty bR AR M B Rt TR and 1 o
(545) anethodsshlculaediimulagixé eamagde indepehdentn for@vetyddte in@zfuiépowéc. to

whi ch a hose,is subjected. For exanpl flex factor 545, or ather

ot or SYEY: Buva ek B Voemtiveah Bt el 5 Biekerbe WG ear Bl at i on,

such asnfymétionrEiARH téThk thb§s Y i8 ehonhierikMdl tb @pplG wBHodkéMRREESSUr €

damage cal cul ation result by a another nunber (usuaj!filify g;l[eater t han
are

one) t Hagoritem fascaah hase beiag siopiteredd i erderiglestiraptaged p @hlypieat-he
f1exi ng;pd ﬁzgﬁre%attén%& re 03 SureBEntt B dnldf6yed alo é%fh?ti]l TRenkEaul t of

t hese ITDdIFf)I cations to the cumulative pressure 3 mage efor a

part i cuhirmiteseVagabdasrmiach mey he gefaed etimstaligtigntmightinclufigtforrpach i cul ar
hose tq ide a total cunul.ative damage. . At .550.t he, t pt al

o sihenicBld AP bt Rt B e (iR rRIRI S bR e BhRY b, o 10
det er meaxgresded ihe phroagageas op@aiiest maxiht@ghedsare] hbdrstpidt dwhiodimzagt e t he
hose has r.eached éhe end of its useful life. If the hose has reached
an end % YeXPISssd it RYCHEase of OPFTRIING rHRAIRURANEWE: e SUBE dfay be

i ssued paéssééeycléguﬂﬂmauupéa9retsair@+atiﬁ§mﬁeak&Mesrﬂmgaeﬂe_fane hdwats
particul ar hose nmay be stored at 517, for transm ssion as part of a

per i odisebiseiedal indhrapgieilation niplsapgatuae respanse curve] d A likkddi t i onal |y, at
560 the age of a particular hose, the fluid power system a
parti cul al03d@ns &igues 4 israeflar digergst thet isgludasren enthodigreatololduii powgrshosen

i tself ’daﬂﬂgé ﬂ%o@tﬂ.ﬁxeﬂn% Iﬁfast n@%ﬁg?ﬁ%p@h g\?{hgg\'ist{atedte%oa%enf)ﬁo@gﬁhg f these

conponent s©or °sys 0 have reached a
pr e- detpeeseninecthadsr €shoprdgampled dshitedGicenpieyqddrytthe plesant syargporeadt  or

syste mmétﬂoed;' n"{‘ay‘ﬁ’ﬁ&ﬂéer;‘%a&r? unll3 Tated Srg%grea(th)Sg& for each hose; threshold

pressure 405 that would indicate a pressure peak for a particular hose, usually derived

from a percent of the rated pressure for a hose; maximum rated temperature (T,,) 407 for
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[ 0049] As noted, Figure 6 is a flowhart of nethod 600 for fluid
power diagnostics and response in accordance with the present

i nvent i on,VQad¥AS2%my be i npl enented by response systgﬁ?i”ﬁ@@,”/‘m%n
illustrated in Figure I. At 601 tenperature and pressure peak data
are acquj f £ (2L I sposed
i ougnacs ey [ S e o AP R Bl B IR R LA 1, S

f ai | ur eesapplaiierhspecifig dhtaguchiissbesmeauht abiierea particulsdwse & sbhbjebidoa

hi st ory, of | ati danage .and to determ ne when | ui,d_power
conpontfig SIS ABIRERE e b HERS Wi ke Grb 4e” vRBH ey
life, debasd ohaipeestnt dfitheusefilildno Higdse tWidcH hasibded 03l arRiOARSIN@md S
nearin th&ﬁr}& of ,itg useful life, has failed or that failure is

i mmi nertt™t LS 3SR E-PRA AMIbRY he tirek He Pf ek uchipHMBY Re pass( selekn

i nf or ey tpNagdt tefoab.i Oter pﬁ‘&grﬁnﬁl@@ﬁ?ﬁis 40P Gl R R—ntefGRIASHR 2386V e
105 illustrated in Figure 1.” The information is preferably analyzed
(610) dhe ikppempleying|a geperat pusposedratetser-hasad deviceappimiaitaele Seeponse,

i ncl udi; t [ - ' failure
and pr adet R AIERAARE bitedr B AR DAL £59 Ao ARl

r epl aciprepstra €P)pB2tand indtanGh2ows terepgransd Th é24yoviich maybpialeedd fiom

| ocat i GRS AN O BE PRtk et MG T Bt preb bl Criraiic

r epl acaen®itie pavila R HeRl@OER#HE@Sors R velll esponse unit, such as service
truck 115, shown in Figure 1. For exanple, dependent on the type of

i nformat i mo3siec e ydatfonoiwlahin gina@RShi Ebesiled it 2 (SWhdrAblsQletehited €
response can be automatically generated. A typical response m ght be
to trarféf?t hrPYAHARGOBRPICESUEE 4 exesdad utipumgeted respure 483 &58 who
can Vi Hoke (65154 égga%lgi I i,Ab enance
bef or eSHgE?: aéillﬁllljlrﬁgﬁgdc\?%né%??n occurnghsl b%ﬁ%# ﬁ%ﬁgé%ﬁg@%&%ﬁﬁ%@#g a
suppl i ghattigstintnedusderaperaiiradt 2dus ekcerdgdl mavampmthoparatsl tdinpereturd 407t he
service agent or application site. At 615 the response unit responds
to the | ol48%Jon To¢ emhedifrieni of ghgpmthm 20k flewchartet it Figureeipdaademendralbar t s,
and at £20.repair and/or i e.of .the fluid stem such
as by rcgeﬁﬁngg‘?%genlcﬂﬁ?%sgin&f EE%F g%'gg'%é(;&%rrm%lo SOl et %??@?j&f %YWI ure of
t he compeasend insiaftaaesusipedsud 22 bilispakretiondplegdutd 40y ¢ uiddat A4 1iod

power system .Preferably, follow ng replacenent of the hose the ECU
is res tch%fug‘r‘?n r Wﬁ@reswape% teeted sigpilicaRfaclplive MEsSHER PR RS | s

cal cul afsedlataae ' calculatt BORUaraBe, FSCAER AMR e PYedK) ulilg a PUG IR fSMRL €N
and nmet hods an aftermarket installed diagnostics System may

communisehiee hgpe Mit33ethis damasge galsdptiianrmayke medified bassd opdlient enance dat a
may be :gdi j hSh (] I ecific
assenbl lﬁéetékédﬁgﬁt?ﬂgéﬁgﬁ%% %i;{aéﬂ(l)%& Fdnthﬁ E@(Eju] %)tfo “gﬁ\é/lé‘f%g‘?%“eg“ﬁtgl nt enance.

Al t er ndempezhtyre respenst avd 4% Optionajllys at dpértbe modified oflcalatimbinkgbeini t |

: ; ARk péria bk
R R R R g AL S

an al t esmbddnit vendtivsis; AERB N fempbReuire bAGRAS levElsS ThE &Iayd hedifegt al | ed as
origi nal eguj prent ang]tthe centralized server coul d be maintained by

t he rarf#faes fispmeg viricg gaipwated mogified dampeioe apertighiar Bopedafds,
col | ectin@BobulAd 406 16O RThHEd 8sniRris E&Méﬁ%%ﬁh@ﬁig{g&ﬁ@ﬁ. 1fagl ership
and aftermarket presence. [0051] As a further alternative, the
pr esentsusyned damagmior ppeticuisr hesp ehecednthe Mpmdng iggeriheot wainiggl power
system r L -1 i Hence, the present systens and

met hodsﬁi\%% ebiggﬁzne%&?é&g%}e?%{(?e&machi ne out put, even operator to
oper at or. e t he. syst.em can. be confi tg determne the
per cent ag@%g?l V\é?glgdl)’lgu?timﬂﬂémﬁ%%n e f"ﬁ'geti%gr a&%élggg%ﬁ?fﬁlé&reéjﬁgwggrﬁ T K
bei ng unsbechakeseded\ If es, e ariigime3tagadoid 30 io (x8hiddy If adither ciinhilhtivepowner

system dat a may. be .eval uat.e the ECU, ojl. degradation for exampl e.
y cfjamage war¥nng trigger thresho?d Eyl nor mstgiéd IPfe hm?t 4g1 5 have been exceed, at P

446 and 450, respectively, a normal message reporting cumulative damage, sensor
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What is clained is: 1. A nethod conprising: nonitoring
pressure gg?ks and troughs in a fluid power system neasurin%a

t enper at uMEO PHULEBY £l uid power system cal cul at PREUSARUYES A o
each of one or nore hoses in said fluid power system caused by each

pressur. dg%g%?ﬁﬁﬁaﬂg%%ﬁﬁ%gc EERL4 fm&ﬂﬁeEhﬁﬁ§ﬂkﬁmﬂﬁ%5cﬁ&ﬁ§g& may

t enperatu sal d hose; cont1 Hul ng
noni t oretnge tantdp AkRsuri ng to estimate how much |ife of the hose has
been utilized; and war ni ng a service condition or out of

speci fi cal0Dék] cBigdretsS ion nfye detaileft dHartiod floewd data yis trabodimests obtilgonent  of
said fluid power

p system . %f TEF t hod of claim,1, ﬁherein
aaid cATEENATIE Fonpry vaiovs smbafmenne O mogag At i qused
by eachngit eastuch RFK, cubasafbnabtidrg 86de ihford@idn, ﬂéhkdhr%ﬁio@d, ledecar@emat Of
the pressure, and tenperature of fluid in the hose at the time of the
pressu ,ttéthﬁggy for employment in cumulative pressure damage calculations at 503. Also,

preferably, this user input data is forwarded at 505 to a central data repository, such as
central server 220. The user input data may be forwarded to the central server at 505
upon initialization, or as part of an information update, such as a periodic update, or when

a hose is replaced.

[0042}] At 510 pressure is measured, such as by sensors 211-214. At512a
determination is made, preferably by the ECU using a pressure sampled from the
measurement at 510, as to whether a pressure peak is detected. If a pressure peak has
been detected at 512, this pressure peak, and possibly its duration, is provided as an input
to the cumulative pressure damage calculation carried out at 503. Regardless of whether
or not a peak is detected at 512, pressure measurement at 510 continues. Additionally,
the pressure measurement at 510 is used at 515 to evaluate whether the pressure in a hose
is over pressure, or under pressure which may indicate a leak. If the pressure is sufficient
or a leak is detected at 515, a warning may be issued at 520. However, if the pressure is
determined at 515 to be within normal parameters the measurement may just be stored at
517, for transmission as part of a periodic normal operation message at 525, which may
be transmitted based on an elapsed time tracked at 518. Cumulative pressure damage
calculations are carried out at 503 using relative peaks detected at 512 and P-N curve
information provided at 501. The results of the cumulative pressure damage calculations

at 503 are provided as an input to an overall cumulative damage calculation at 530.

[0043] At 535 fluid temperature is measured, such as by sensors 211-214. This
temperature measurement may be employed at 540 as an input to a temperature
compensation factor to be applied in cumulative damage calculation 530. Fluid
temperature measurements at 535 may also be evaluated at 537 to determine whether the
fluid temperature is above or under a threshold, if so, a warning may be issued at 520.
However, if the fluid temperature is determined to be within normal parameters at 537,
the measurement may be stored at 517, for transmission as part of a periodic normal

operation message at 525.
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3. The method of claim 1l wherein said cal culating takes into account

degree of flexing of said hose. 4. The method of claiml
wher ei n s3¥Q2U4PeE%t i ng takes into account tine in sePGT/ES2089/005871d
hose. 5. The method of claim 1l further conprising curulating

the cal cu d e} ch life of th ose has. been
1§ sed (00H SRR, JdaZ Bl R By RAMCINGE i b8 el (1S R

f ur t henemgegrtte seaswem entmgayaditefratiVely e ehpyedattsiolas amirdpup@raf or m ng
said calculating or failure of one.of. nore sensors provjdin aid
Toni t ofTHRPTNG CHBRERFYSTytector to be applied ip CHppie drmeese iaion it oi n

sai d oWir RinpeRAES fkessdtdntCaR BAL fiaQ Alsb He Vil £S5 determine whethd: The
nmet hod of cFain11, wherein said out of specification condition is

over t difpRspten; tesmperature is aboge ompder herolds ifopea Wirrminaunsr b ipsusdrd out
of speapi ﬁ%‘a\gfﬁl, if %%ﬁbﬁéﬁ?tehﬁae%ﬁE iSRtnERatd bEwithin normal parameters

at 544 the measurement may be stored at 517, for transmission as part of a periodic

normal operation message at 525.

[0045] The cumulative damage calculation at 530 modifies the results of
cumulative pressure damage calculation 503 by applying a temperature compensation
factor derived from the fluid temperature measured at 535, such as multiplying the
cumulative pressure damage calculation result by a number that reflects the relative
additional damage, or reduced damage, imparted by the temperature of the fluid the
particular hose is handling. This, number may, for example, be greater than one for fluid
temperatures above a maximum rated temperature for that hose and less than one for fluid

temperatures below the maximum rated temperature for that hose

[0046] Other possible inputs, 545-547 to cumulative damage calculation 530, might
mnclude hose movement factors, such as flex (545) or twist, and/or external conditions of
heat, ozone, etc. to which a hose is subjected. For example, flex factor 545, or other
factors may be applied to the cumulative pressure damage calculation, such as by further
multiplying the modified cumulative pressure damage calculation result by a another
number (usually greater than one) that reflects the relative additional damage imparted by

the flexing of the particular hose, or the like.

[0047] The result of these modifications to the cumulative pressure damage for a
particular hose is summed with previous results for that particular hose to provide a total
cumulative damage. At 550 the total cumulative damage calculation for a particular hose
is evaluated to determine if the hose has reached a threshold that would indicate the hose
has reached the end of its useful life. If the hose has reached an end of its predicted
useful life, then a waming message may be issued at 520, if not, the total cumulative
damage for that particular hose may be stored at 517, for transmission as part of a

periodic normal operation message at 525.



10. The method of claim1, further conprising: connecting a
general purpose Processor-based device to a control unit performng
sai d cal cYQ291H8023d sai d warning for collecting infor RRT/PEH09/005821
regardi ng a warni ng. 11. The method of claim1l further

conprisin heat | ' ' t f.al te
From sa dRPE GHRLERAIB0acRotnd Bl rashity e R, (8 el F A BUIERD P e,
conpr i gartgular sensor odl éml ditg/g'mgicesypﬂem; thieidiagnosticysismutself.and/ot thepieat ur e

sensor uni,ts to [ nitori nd nea sSur.i eac sai d
e e arofed, e Aee e TR ot Br SRR Pele BRGS0

of saido ﬁ&%’:‘r@dcﬁed@ﬂﬂetdﬂdrﬁgueamﬂ'eﬂﬁ&BWpﬂla@l@fo&ﬁsp:{rﬁcﬂﬁl&oh@ﬂmnaf ure in
each of a plurality of hoses in the area it is disposed; and

i dent i fSY$tEE, t@%ﬁ“’é‘fm’tgrféaﬁhb%’égwﬁéﬁ@ moni t ored by each of said

Sensors.
[0049] As noted, Figure 6 is a flowchart of method 600 for fluid power diagnostics

and response in accordance with the present invention, such as may be implemented by
response system 100, illustrated in Figure 1. At 601 temperature and pressure peak data
are acquired from pressure and temperature sensors (211-214) disposed throughout a fluid
power system Analysis of the data at 604 in a failure algorithm, such as discussed above,
is used to build a history of cumulative damage and to determine when a fluid power
component in the fluid power system is nearing the end of its useful life, or has failed.
Information that the fluid power component is nearing the end of its useful life, has failed
or that failure is imminent, is transmitted at 607, together with fluid power system
information and location, to a central location, such as to server 105 illustrated in Figure
1. The information is pfeferably analyzed (610) at the central location to determine an
appropriate response, including replacement parts required to address any potential failure
and procedures for maintaining the fluid power system and/or replacing the parts. At 612
a response network is employed to transmit information about the fluid power system,
including the location of the fluid power system and identification of the replacement
parts and procedures, to a response unit, such as service truck 115, shown in Figure 1.
For example, dependent on the type of information received from the diagnostic system a
suitable service response can be automatically generated. A typical response might be to
transmit information to a local distributor or service agent who can visit the site of the
machine and effect preventative maintenance before a failure actually occurs. Another
response might be for a supplier to fabricate and dispatch replacement parts direct to the
service agent or application site. At 615 the response unit responds to the location of the
fluid power system with the replacement parts, and at 620 repair and/or maintenance of
the fluid power system, such as by replacing indicated fluid power components prior to
failure of the component, is carried out, thus averting failure of the fluid power system.
Preferably, following replacement of the hose the ECU is reset in such a manner that

cumulative damage to the new hose is calculated anew.
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13. The method of claim 12, wherein said cal culating varies according

to the hose bei ng nonitored. 14. The method of claim1l, wherein
sai d war ni¥hg 288 %ses a vi sual warning. 15. The PREURE/ 5821
claim 14, wherein said visual warning conprises flashing at | east one

war ni ng | j i r rJ¥l .ndi.catin [ .0r
parti cul a‘ﬁggénle g’f&ggﬁagﬁ%ﬁ}{@g pie%%ﬁ??sﬁ%ﬁ%ang rm%tﬁ &Soafn%g g‘g‘gﬁr?‘?té‘gﬁ?%“%%
condi t idiagnboics sateth by tanmpaneste syitht aarnwalizad ean@ciadnépairfandai d fl ui d
power system 16. .T t hod of ,.cl.aim 15, wherein said service
Cond! ¢ MGG fubwed bhaPRHFR mAPaE SFBH Bt RSl PEeRRar i ng ¢ he
end of asdembliss bdakbhihé,fa8d location in nkéd ofiftedib@idRAnRharck A MrA&iveWh el N
said out of specification condition conprises an over pressure.

condi t jdisributor mightigperatgeut of & ol pnig |sa¢hhastibe afprrapeatinnedarsponss Uy

speci i G4 fHscHBaE Y ERSy SRR idce e ﬁﬁrt? icth SRS b eplehisHON thiPh

19. The met osé? of clal %ylS,qu\her exl1 sa’?l‘%hgut 0 spegcel £ catl _on)p ©

condi t ivsed. donpritgeative eweirerinmt Shsdiegnoswisystem may be installed as original
equipment and the centralized server could be maintained by the manufacturer, or its
dealers, such that decentralized data collection could be considered for OEM’s with

significant dealership and aftermarket presence.

[0051] As a further alternative, the present systems and methods may be employed
to monitor fluid power system work rates, or the like. Hence, the present systems and
methods may be used to optimize machine output, even operator to operator. For
example, the system can be configured to determine the percentage of working time the
machine is used or the rate of work being undertaken. Alternatively or additionally, other
fluid power system data may be evaluated by the ECU, oil degradation for example. In
particular, input to the ECU or sensor input can be any characteristic, attribute or factor
that can be monitored in such a manner as to provide a voltage signal that varies based on
the characteristic, attribute or factor, such as oil opaqucy, engine misfire, high coolant

temperature, battery charge, tire pressure, etc.

[0052] Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations can be
made herein without departing from the spirit and scope of the invention as defined by the
appended claims. Moreover, the scope of the present application is not intended to be
limited to the particular embodiments of the process, machine, manufacture, composition
of matter, means, methods and steps described in the specification. As one of ordinary
skill in the art will readily appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter, means, methods, or steps,
presently existing or later to be developed that perform substantially the same function or
achieve substantially the same result as the corresponding embodiments described herein
may be utilized according to the present invention. Accordingly, the appended claims are
intended to include within their scope such processes, machines, manufacture,

compositions of matter, means, methods, or steps.
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20. The nethod of claim 15, wherein said out of specification
condition conprises a past service life condition for one or nore
fluid power system conponents. 21. A system conpri sing: a
plurality of pressure and tenperature sensor units, each of said
units disposed in a different area of a fluid power system each of
said units nonitoring each hose of a plurality of hoses in the area
it is disposed; and a controlcjulyygsprogrammed with i nformation
i dentifying each hose being nonitored, said control unit applying a
hose danggﬁn%L?%hkh@g1for the identified hoses using nonitored
pressures an enperatures, and warning of out of specification |
pressures or tenperatures or hose danage in accordance with said

al gorithm g wﬁépgﬁﬁfggmﬁwgghtrol unit is programred with at

| east one var inahiBrikPpre@asdpeaRsad tWaghEin RAd fowarshabhe for each hose
is a normal operating tenperature for that hose. 22. The system

of claim 21, wersing leapUatyiein sHfl Suidiovesaeiidse is a burst pressure
for that hose 'calc%la%ng &%agyf'@ea%}{ o618 S Gk b %%sa}ﬂ‘ﬁﬁ'ﬁ?g?zei%ss%m

vari able for eac 0oSe 1S an operating pressure for t
caused by each pressure peak based on an extent of the pressure peak and the temperature

of fluid in each said hose;

continuing said monitoring and measuring to estimate how much life of the hose
has been utilized; and

warning a service condition or out of specification condition for said fluid power

system or a component of said fluid power system.

2. The method of claim 1, wherein said calculating comprises calculating
said damage to a hose caused by each pressure peak, based at least in part on a relative

peak of the pressure, and temperature of fluid in the hose at the time of the pressure peak.

3. The method of claim 1 wherein said calculating takes into account degree

of flexing of said hose.

4. The method of claim 1 wherein said calculating takes into account time in

service of said hose.

5. The method of claim 1 further comprising cumulating the calculated

damage to estimate how much life of the hose has been utilized.

6. The method of claim 1, wherein said warning further comprises warning
of failure of a control unit performing said calculating or failure of one or more sensors

providing said monitoring and measuring.

7. The method of claim 1, wherein said out of specification condition is over

pressure,
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24. The systemof claim 21, wherein said variable for each hose is an
alarm tenperature for that hose. 25. The system of claim 21,
wherein said hose damage algorithmis a cunul ati ve hose damage

al gorithm 26. The system of claim 21, wherein said control
unit also warns of failure of the control unit or failure of one or
nore sensors. 27. The system of claim 21, wherein said out of
speci fi cat i on 8condiTht owitied ofvlerm pyelgeineaid out of spedBeatibh eomdigereinoér
claim 21, wherein said out of specification condition is over

t enper at JFBPSTAWIC 59 The system of claim 21, further comprising:
means for connecting a general purpose processor-based device to said

system for colgl ect iTRg niefoR MBI, %EG&EHLhiaGuPoMBERFiESion condition is past

service life.

10.  The method of claim 1, further comprising:
connecting a general purpose processor-based device to a control unit performing

said calculating and said warning for collecting information regarding a warning.

11.  The method of claim 1 further comprising
communicating said warmning to a central location remote from said fluid power

system.

12.  The method of claim 1 further comprising:

deploying a plurality of pressure and temperature sensor units to carry out said
monitoring and measuring, each of said units deployed in a different area of said fluid
power system, each of said sensors monitoring and measuring pressure and temperature
in each of a plurality of hoses in the area it is disposed; and

identifying each of the hoses being monitored by each of said sensors.

13.  The method of claim 12, wherein said calculating varies according to the

* hose being monitored.

14.  The method of claim 1, wherein said warning comprises a visual warning.

15.  The method of claim 14, wherein said visual warning comprises flashing
at least one warning light in predetermined sequences, indicating one or more particular
one of said service conditions or out of specification condition for said fluid power

system or a component of said fluid power system.

16.  The method of claim 15, wherein said service condition comprises a

warning that a particular hose is nearing the end of its useful life.
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30. The system of claim 21, further conprising: neans for

communi cating said warning. 31. The system of cl ai m 30,
wherein said nmeans for comruni cating said warning conprises neans for
comuni cating said warning to a central |ocation renote fromsaid
system 32. The system of claim 30, wherein said neans for
comuni cating said warning conprises at | east one neans for providing

a visual warniing. The method3f cldine1% Yt Ofid Ghtaif BpeddicanbiesRiditionai d at

| east one means for providing a visual warning conprises at |east one
war ni ng CPRRESE ABOVEIIEseHe Ui Yhr ti cul ar fault condition by flashing
in a predeterm ned sequence. 34. The system of clai m 33,

wherein said fault pt i -a_h L . It Qn
. 18 GORIHLH QP IGATPS, iR Fei R s P §E: FEh Tqul'rd ’
war ni ng t hat sgch Eose #é %egrﬁﬁg’fﬂ%‘%nﬁgoﬁ f%gﬁﬁgg:HﬁQ I gkﬂ

35. The syspesesah ogtraempd3uredvedition said fault condition conprises an
over pressure condition. 36. The system of claim33, wherein
sald Tault conditl gn o P it Ts, Wireit SHE Sut ot Spesificaion sandibion

comprises a warning system fault.

20.  The method of claim 15, wherein said out of specification condition

comprises a past service life condition for one or more fluid power system components.

21. A system comprising:

a plurality of pressure and temperature sensor units, each of said units disposed in
a different area of a fluid power system, each of said units monitoring each hose of a
plurality of hoses in the area it is disposed; and

a control unit programmed with information identifying each hose being
monitored, said control unit applying a hose damage algorithm for the identified hoses
using monitored pressures and temperatures, and warning of out of specification

| pressures or temperatures or hose damage in accordance with said algorithm,

wherein said control unit is programmed with at least one variable for each hose,

wherein said variable for each hose is a normal operating temperature for that hose.

22. The system of claim 21, wherein said vanable for each hose is a burst

pressure for that hose.

23. The system of claim 21, wherein said variable for each hose is an

operating pressure for that hose.

24. The system of claim 21, wherein said variable for each hose is an

alarm temperature for that hose.
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37. The system of claim 33, wherein said fault condition conprises a
system faul t. 38. The system of claim 33, wherein different
fault conditions can be set for each individual hose. 39. The
system of claim 21, wherein said hose damage al gorithm cal cul at es
damage to the hose caused by each neasured pressure peak, based at
|l east in part on the relative | evel of the pressure peak, and the
tenperature of fluid in the hose. 40. The system of claim 21,
wherein said control unit continuously applies said hose danage
al gorithmusing said nonitored pressures and tenperatures to estimte
alife used oﬂga ngFéE¥m%8§@m§h%LWﬁWﬁ§l%ﬁ%ﬁmﬁdﬁ@§%3ﬁgxﬁﬁﬁﬁ$ﬁg t he
end of i t@hidiGe BXRBIARS Y obithACCOr dance with said al gorithm
41. The system of claim 21, wherein said algorithmvaries according
to said information identifying a hose being nonitored. 42.
The system of 26| ai Fh2 gystasnef daim Blgiwderenf @udmedntrohuniddsnt whmi nbfadukose
bei ng nnqhtor d ingl%d?s s?id hose's location in said fluid power

or ralure or one

e conftrol uni - ¢
system u o more 5ensocrs
27. The system of claim 21, wherein said out of specification condition is over
pressure.

28.  The system of claim 21, wherein said out of specification condition is over

temperature.

29.  The system of claim 21, further comprising:
means for connecting a general purpose processor-based device to said system for

collecting information regarding a warning.

30.  The system of claim 21, further comprising:

means for communicating said warning,

31.  The system of claim 30, wherein said means for communicating said
warning comprises means for communicating said waming to a central location remote

from said system.

32.  The system of claim 30, wherein said means for communicating said

warning comprises at least one means for providing a visual warning,.

33.  The system of claim 32, wherein said at least one means for providing a
visual warning comprises at least one warning light that indicates a particular fault

condition by flashing in a predetermined sequence.

34.  The system of claim 33, wherein said fault condition comprises a hose

service condition, waming that such hose is nearing the end of its useful life.
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35.  The system of claim 33, wherein said fault condition comprises an over

pressure condition.

36.  The system of claim 33, wherein said fault condition comprises an over

temperature condition.

37.  The system of claim 33, wherein said fault condition comprises a system

fault.

38.  The system of claim 33, wherein different fault conditions can be set for

each individual hose.

39.  The system of claim 21, wherein said hose damage algorithm calculates
damage to the hose caused by each measured pressure peak, based at least in part on the

relative level of the pressure peak, and the temperature of fluid in the hose.

40.  The system of claim 21, wherein said control unit continuously applies
said hose damage algorithm using said monitored pressures and temperatures to estimate
a life used of a subject hose and warns when a hose is nearing the end of its life

expectancy in accordance with said algorithm.

41, The system of claim 21, wherein said algorithm varies according to said

information identifying a hose being monitored.

42, The system of claim 21, wherein said information identifying a hose

being monitored includes said hose’s location in said fluid power system.
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