TI TLE: DI AGNOSTI C AND RESPONSE SYSTEMS AND METHODS FOR FLUI D PONER SYSTENMS
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clains
priority wo22esvdee®p-filed U S. Patent Application Seri alPCRust@9®0s821

12/ 290, 171 and 12/290, 173 of the sane title, filed Cctober 28, 2008, both
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i ndustries, such as the autonotive industry, the oilfield industry, the
rail transport industryBACKGROUNDOF MHE INVENTION contrast, hydraulic,
or fluid power, equipnment conmponents, and particularly fluid power hoses,
are service replagegble components which give little or no warning of

i mm nent fé ich no reliable neans of immnent failure
detection exits. Fluid power systemfailures, particularly hose failures,
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Description of the Prior Art

[0003] The principal of modem 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 aerospace industries. Diagnostic systems which communicate fault
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



exposure history. However, SAE J1927 is primarily is intended to provide
the hydraulicsystem analyst wwth a procedure which will assist in the
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equi pnent nonitoring fluid power system paraneters and warning of potenti al

f ai | urpsitianc Gherinfouetionns thentcommuracated through apresletemaredat i on to a central

| ocati on such . as round station/server; this based. gr.ound .station, or
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probl em giyeses RS RE GeWNcBBetween the present systems and methods and
diagnostic regimes employed in other industries is that the present systems and methods
communicate potential fluid power system faults and, where appropriate,
vehicle/equipment location. The present systems and methods also analyze data to
organize a suitable service response with the appropriate spare parts to take care of

potential fluid power system failures before they occur.

[0007] Embodiments of a diagnostic response system may, in accordance with the
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



[ 0008] Mbbile diagnostics is a rapidly growing field and, through the use
of the present systens and nethods, is highly applicable to both nobile and
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[0011]) As further advantages, the present systems and methods may enable an
equipment manufacturer or supplier to: employ service indicators for fluid power systems
and enable the offering a better indication of service life to end customers; monitor
systems 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



machi nes. [0013] Enbodi nents of the present diagnostic systens for fluid
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envi r apertihgpresandiahd oyde 1ifd stahat@resattedfonthhi haseya ratdbarsl/ gonaxihmmyar i es
according to the info tion identifying a hose being nonitored. ,[0015]
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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 is
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



such as anbi ent tenperature and/or ozone l|levels, and/or the |ike. These

cal cul ations nmay al so be varied according to the hose bei ng nonitored.
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al goriss,ggllnto determ ne when a fluid power system conponent is nearing an
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equipment mounting the fluid power system to a central location. In turn, information

may be communicated from the central location, through a pre-determined

communication channel, to a response unit, or the like, for responding to the information

to replace the fluid power system component, preferably prior to failure of the fluid

power system due to failure of the fluid power component. The present systems and

methods may also transmit the aforementioned information and location when a fluid

power component has failed. In such a case the response would comprise replacing the

ﬂuid’power component to return the fluid power system to full/normal operation.

[0018] Alternatively, the information and position may be communicated to a fluid
power component supplier, through the pre-determined communication channel, which
may in turn manage the response. The response may be carried out by a response unit
equipped with replacement fluid power components and repair or maintenance personnel,
responding to the location and maintaining the fluid power system by replacing the
component prior to failure of the fluid power system due to failure of the component.
Hence, the information and position may be communicated to a fluid power component

supplier, through the pre-determined communication channel and a response vehicle

5



power conponent has failed. In such a case the response would conpri se
replacing the fluid power conponent to return the fluid power systemto
ful I / nor msiD 20mes23200n. [ 0018] Alternatively, the inforneCras2e@ae0isesiti on
may be conmmunicated to a fluid power conponent supplier, through the
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repl acidiginghe conponent prior to failure of the fluid power systemdue to
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of the hose about to fall to a response unit. This net ment may
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fai | uriBe TG ROEr EYsTeRY CSRIFRE e mORERURIDY (5 FolMHa oF B SOREPUAIFRRMos e has
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return the fluid power systemto normal operation. [0020] The foregoi ng has
out | i rrepla¢ing Herfatbedblaatk yo tdternftbaflurdegveardystemhanoahal agerationges of t he

present invention in order that the detail ed description of the invention
t hat f ol [0928] mekhelferegeinizdras ontmed rathet. bréatily theofeaturdseat tieochsicahd advant ages

of the invention will, be described herelnalisry yhich:form.ihe subject of
that follows may be better understood. Additional features and advantages of the
invention will be described hereinafter which form the subject of the claims of the
invention. It should be appreciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a basis for modifying or
designing other structures for carrying out the same purposes of the present invention. It
should also be realized by those skilled in the art that such equivalent constructions do not
depart from the spirit and scope of the invention as set forth in the appended claims. The
novel features which are believed to be characteristic of the invention, both as to its
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 figures. 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.



invention. It should be appreciated by those skilled in the art that the
conception and specific enbodi nent disclosed may be readily utilized as a
basi s f orwonrdiofose3zg or desi gni ng other structures for cacmyisa@onois2t he sane
pur poses of the present invention. It should also be realized by those
skilled in the art that such eoU|vaIent constructlons do not depart from
the spirit and scope & 2101 % R/ ‘ e appended cl ai ns.
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prese lagnose AN IRSPOREE BSHBher with the description, serve to explain the
principles of the invention. In the drawings: [0022] FIGJRE 1 is a

di agr arm#l023] i HIGEREZ iohdiggrammeipidlastrtion ofrngmbodinens ofefluid BWIst i ¢ and
respo t .0023] FIGURE 2 is a diagrammatic illustration of an
enbod?ﬁ%ﬁ@Mgtggkz ’ui d power diagnostic system [0024] FIGURE 3is a

flowchar forflud st|c5| ance with the
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[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 system, 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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[0028] In Figure 1, an enbodinent of a fluid power diagnostic and response
system 100 is illustrated. System 100 preferably enploys a fluid power

di agnost iwogysrmwee329such as fluid power diagnostic systemCErmseamesszr 200
illustrated in Figure 2. Preferably, systens 100 and 200 enpl oy predictive
algorithm 201 to indicate when a fluid power system conmponent, such as one
or normservigsgetwork and genargl pasketaadioserviees( GRRMup WirFigetwerki mghidagoddi ment s of

odom b5 PEATTLRE: pRY R P kb R b ot iyl A RRaha 808 GO Y

W th tanbfettsd ushg Giredt @tichpriiet sedtess wirébéon@mnanicatitiisyaenishesr senpdé nachi ne,
a machine identifier and/or various machine fluid power systemdetails,
and/ ormighiebemk AN fhatcogmaumigatpouifeimatiop gbew  stafionppcyid pawer eystes to

i1l ustr 0 u ' t Wi rel ess
corrrrur?l(%a %ct)ezpécr)e |uttmi ltggﬂgg'cﬁgra@r ﬁgbﬁéﬁrﬁby?lg?g%nsd;%\gp%We i nk. However,
any wpredremmel iwith spscifio informatianatenit subjedt fimd phvessyptamnie 2, sivbrds type
nmessagi ngservi ce network and general packet radjo service (GPRS), a W-Fi
net wor Machige AuRYNg thiytluxd PREERS Yeiamwstier HHarmertionngeneral @opion BBd enpl oyed.

Fur t Nebraitihibet Of GE Qa{sb&;hn@%%@%l& L20Sf }ﬁfséﬁﬁcig%hﬁﬂit@eﬁe&& mechani sms such

as wired conmmunication syste An exanpl e m ght be a LAN that communi cates
i nf or raforoatial suth & the aforonertiontd uiadhipowgre sy gremdt locaionpaloeg wath conput er

or the,like. . Server 105 preferably has been previously programed wth
peci TR RA TR L Eeher T TRAGR SSLERICEEOTES T Bhs type of
machi RgmbmiHel ifeh Ediftral 1déhGoP P¥®To RYSINSEhetWRET 13 WhRhTRchPEomSeRer al ,
position and serial nunber of the sensors and it%ge and si ze of hoses being

moni t areterk of tocal fidid power oempenenh destritiuiters.adfr dhee kst Tlopm eemmawitaiient ype and

ground location, along.wth.identification of reco nded repl acenment
oot (RR0aRe bt o BBt e PRV &Y bR Pt AP Sl AR ocat  on
105 t GnéRSAONRSE a8 teViBfeknel JdwitbleShart/ @hvir€- HAP tdl€phofe Byaterd) dt thé likecal fl uid
power conponent distributors, or the like. This comunication nay take

pl ace Responsg ngevark 41 2araferakly dispagshes, o diregsisrvieoyehide 1hpmrdbe likee

conmun; - i | , L.r r.w:.re-line
tel epwolﬁg&f%g?{egﬁﬁqhg?%I{I%'Leéﬁﬁngééﬁ%g)sdﬁggsgﬁﬁetgtl\(/)\xg)art ﬁ%l\%gﬁgé%@gﬁg%lrsw | spat ches,
or di riegthstionse preferably defaet ehelfhiid (powet bempaorien) (hokt)Hin ighestmpdhidy theattey

repl acenent. parts. to the specjfied {ocation, W th appropriate repair

i nst r (EEYeIHRE dpwatimas apd/or etbeoladuraselated prablsBiter conponent (hose) in

question fails, thereby preventing downtine and/or other failure rel ated
probl ens[0029]  Diagnostic system 200 measures pressure amplitude and temperature within

fluid power hoses, calculates damage and percentage of estimated life used of hoses and
reports results via a communication channel such as satellite link 110, wireless
communication link, etc. Hydraulic fluid and ambient air temperatures may also be
measured and reported. The primary function of system 200 is to estimate the end of life
of a fluid power hose, in real time, allowing for replacement of a hose before failure
occurs. Preferably, system 200 employs cumulative damage algorithm 201 in a manner
such as flowcharted in Figures 4 and/or 5 and comprises a plurality of pressure and/or
temperature sensor units 211-214. Four sensors are shown in Figure 2; however, one of
ordinary skill in the art will appreciate that in accordance with the present invention any
number of sensors, less than four, or certainly more than four can be employed by the
present systems and methods. Preferably, each of the sensor units is disposed in a
different area of a fluid power system, which will allow each sensor to monitor the
performance of a number of components, such as a number of hoses. Diagnostic system

200 also preferably includes an electronic control unit (ECU) 220 programmed with



[ 0029] Diagnostic system 200 neasures pressure anplitude and tenperature
within fluid power hoses, cal cul ates danage and percentage of estinated
i fe usedwofotvaseroand reports results via a conmuni cat iPom/ush@nfeis2such as
satellite link 110, wireless comunication |link, etc. Hydraulic fluid and
anbient air te.rrper_atureshrr?é1 al so be neasured and re(gorted. The primary

O

f unct i infermptiesyidentfyrgeac edwseshaing meaitened. ECY 22Q@prsferably jappliespower

hose, | t D8l ' : . f ilure
ooour PRpiE e BN A SoP B U A FREATIAsePlole RBRAMEIESE, M2, 1 4
manneranduefipastutds0\BGAL2@ implemehg tnamldivaddimage blgarithnt 20pandBsued plural ity

of pressure and/or te e[at(ure sensor units 2 11-214. Fouy sensors are
shown WHIImER] OBt of SPREHENIN (CEERSSINE) RIFIRUFREQT tURPITRIUFGS, hose 86 | |

apprecd . i ' 9 i AV [ er of
SIS0 uSREONHAT A i BPaBIRRERL With4e R @gyfgﬂpéﬁigyed by the

sensors, less't an . our, or certainl’y nore than
pr esendf thy/bdsesrsPreftabhgt BOUL20Rl®f vearab b/ failescdf thé ECRbitsdfwmalorfailurs i s

di sposefd in a different ea of a fluid power system which will allow each
sensor®to3° b 0P Steﬁﬁ)rﬁéﬁ'or mance of a nunber of conponents, such as a
nunber of hoses. Diagnostic system 20Q al so preferably includes an

el ect r onil@038bnt Y@toussmbodmegnts obdiagnasts aysten 200 PR Adesandntesfacs qBeht i f yi ng

each o -hei ng: | : |.L g damage
a1 qor  FAcES SRR ORoRY R flck 05 ot cepedit DEE R Bt ke e e
and t edgv&repduch as perkéitdl 2@Mputep belaptopscoaiputdr atoi systeaheligfer edligeting hm 201 and

i ssues, ¥varni.ng of out of sgecif'cationbaﬁex essive% pressures or.

t enper'BQimaLon fgainga yami %i‘ﬁij)roéfq geprlyHiRRnose 8F Ton)ter the OpFatigR of he | i ke,

i n accgL danes nwd ,ikb@érg9£tkﬁ1m2%iaitg?5s&6@§tem 200" 8seMOSARitiAlyepsPhys ECU 220

al so warns of failure of the ECU sel f "and/ or fai lure of one or nore of
sensorma?bd used[tQ 6@} uséa pragrammet anfiutss sech asfdighuagpddeidve wathgespec200 provi des

an interface, @JC? as stgl%i gl comuni catiO{}i i nterface ZqZS(L r .connecting a
gener dEGH poadlopy o B el eneral Rt mer ST ARt or | apt op
conput@e Jik.0 system 200 for collecting information regardi ng a warning,

and/or to generally diagnose or nonitor the operation of the subject fluid

power SYZ(ﬁeﬁgﬂl angl{ REtedLBGROG os?%%&ﬁ@ﬂn%@ didoifitferafddichidRBalrlaleasPfy t 225

may be u 0 enter user programred i1 nputs, such as di scussed below wth
r especdassoapatéd withamodera 263 evhi¢h may begsdadte cafmmmeneate hoimedy yermengd pur pose
Pr Ocescso%léérplglsgetge Hleii\éi p%%\}er %{lstérpl%.nh iitlé %bmponents, but also identification information
about the equipment and/or equipment location, such as may be derived by GPS module
227, or other location means, such as any number of triangulation systems and methods.
This information may be used to provide a preemptive repair response such as discussed
above. Additionally, warnings may be communicated using warning lights 230 or other
visual or auditory mechanism, such as a display screen. For example, the warning might
incorporate flashing warning light(s) 230 in predetermined sequences, indicating one or
more particular ones of the service condition(s) or out of specification condition(s) for

fluid power system 112 or a component of the fluid power system.

[0032] Figure 3 flowcharts method 300 for implementing diagnostic system 200.
Method 300 may be implemented by a system such as illustrated in Figure 2, and
discussed above. Method 300 includes the steps of monitoring and measuring, such as by
sampling the outputs of sensors 211-214, pressure peaks and troughs, and fluid
temperature. The sampling to accomplish this monitoring and measuring is carried out at
a frequency high enough to ensure all relevant data is being accurately measured, for

exan5p1e at a frequency sufficient to pick up every pressure peak and trough occurring in

9



[ 0031] As noted above, diagnostic system 200 al so preferably includes, or a
| east i s associated with, nodem 203 which nay be used to communi cate not
only war wogselogeei2er ni ng the fluid power system and it sPCoMsSeeve0d3821 but

al so identification information about the equi pnent and/or equi prment

| ocation, such as may be derived by GPS nodul e 227, or _other | ocation

means theslieil pawensystemnde disspssed ahovg this measusys pedvopreringisHagiitatefn)

i nf or patJ: . i ) i g ch as

i sou s B nR e BopHIRY P e B R Pl Rl e R B B P g

| i ght dea2B6hepandpecarablyy aydiirabity afildisésor At Jt8cdaanigs to esohdiosain thedlusdl ay screen.
For exanple, the warpi ng_ m ght incorporate flashin rning Light(s) 230 in
pr edetPaP ﬁé&%ﬂﬁ%g)és?chm,%%m TpfRicHptefpFE ﬁ_agl_tyrt@mca tlgtjed 15f the

ser Vi ggeLondEid B8R, oﬂrthé’{-étl?tﬁfe XREE bfgleg,&ésgﬁkeg,mg hid me&ahgér%ré byt d_power
system 112 or a conponent of the fl ui ower system [0032] Figure 3

f | owc Hhuid & thesiigect BOLE. f As mienpomadsabbi e andldiagusest incgreatstt dataiPblowMitisiod 300

may be 'n})l.emanth by a system sych as .illustrated in Figure 2, and
di & cuSalsHIRLiGR FRpIays ARYALSY ees dimess AlePthEp & BRRATT el Fhg and neasuri ng,
such gRwRhad@ Tl Fifitred Han@Bt 9U§§a<§2§or§£x@§%1it§n ridthod3do t}iérs?_&%ﬁhrrﬁai)eaks and

troughs, and fluid tenperature. The sanpling to acconplish this nonitoring
and neaslmienat 305 to amaniiled andimeasure terprepsureqyeaks ayid iempatpitures sekaitlke al |

rel evant ta 1§ being accuratgely neasured,. .for ex | e, at .a frequenc

ot 1 kot e e o SR AU bty FERR doRe it B S B RHlsE Tt e 71 wi o
POVET ho¥& tVehen the afboSithhs GedrahieY that RiservitRadHMitiof eRR3th, tHANA tOMpHEEnt tn
facilitated by disposing the sensors at a plurality of nore-or |ess central
| ocat itehBuidposier ayséai i enerating i of spasicatiag g5 that duise of a compergnt of of
hoses. Lo e I j ONEE: d by each
or ess My RdeE ERn IR P R Bl Skt M P APEAUSICBLE AT DY Pooe,
i N parih greater dbtailbeloat, iteweaniimhinag be ikdtePproessdniral peatkonasuth dsaniyebper at ur e of

fluid in the subject hose. As nentioned above_and di scussed in greater

det ai IPaBAf@flud powerdipgnasts pomhrespoiIsspestemd iy Therey & reBeRsefaRdSe al gori t hm
in a : g i i o] 4 ordance with
ot hod R B B < B B e o e The

pr ess witermatedy tlenslamargaeapbe cemmusatedad ah lequiphngot openatog ancldasrehop an

estimte of how nmuch hose |ife renpins for, each. particul ar hose. Wen the
o7 gor s el ae S R n Eieh i Reasaridenir Wik Hepréstnbivetiitindonant 1
the f|ﬂét90&%ﬁix%¥ﬁb@ﬂ&§l§eEﬂf‘eﬁ%ia%nﬂé&e@ﬁC%PPﬁAf,itﬁﬁﬁﬂl%d t@h ctipat failure

of a conponent o . . _ .
phone, via a CANbus of the machine mounting the fluid power system, or in any other

appropriate manner. Preferably, even absent a warning event, data from the diagnostics
algorithm, plus other important information such as position of the machine, machine
serial number, information relating to the health of the sensors, cabling and electronic
control unit to which the sensors are attached, and location of sensors, is periodically

transmitted via the communication system to the server.

[0033] An embodiment of cumulative damage algorithm 201 is flowcharted in
Figure 4. As noted above, cumulative damage is an industry wide understood way of
estimation of hose life. Cumulative damage formulae exist and are specified in SAE
J1927. The SAE cumulative damage formulae estimate the cumulative damage of a hose
based upon pressure impulse exposure history. This pressure history tracks time oriented
variations of internal pressure in a fluid power system (hose assembly). It may be
tabulated by listing a sequence of relative maximums and minimums from recorded

pressure, versus time, data. Significant maximums and minimums are called peaks and
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the fluid power systemis immnent a warning is issued at 310. As discussed
above, and in greater detail below, the warning may be issued to a central

| ocat i on,weuectv/@mz32zoay be a part of a fluid power di agnho®Cirawsand/opimsaponse
system 100. There, a response can be formulated in accordance with the
present systens and nmethods. Additionally, or alternatively the warning may
be corwlense &t peikiis definedpsiagneHmugpbethipsrceded and poved byjadnmimen)lesl e | i ght s
230, ' ' I ' t % and net hods
ver ni ek uCHE o fied yRE 8 ARLERANY kit BESRRPL SYRNETR 7T 2°cah
phone defihél & thé\baakesomiiikfunirbethicae sighifithht@akd) dt iklposgdbleduepeaky silen or in
any ot her approgyi ate manner. Preferably, even absent a warni ng event, data

fr om tpwerdhayyalioys Bscaseywhererbgy 3¢ aet sbzrept. Lagayisa yellexseoutk®s on such as
posi ti findNS i lcsT) i &k ol r; i 3 Fng to the
heal t 1 ol ors %?ésﬁ%g%%?i@gqurﬁ g g‘lgtff‘ra%égpgl %S%S??"?ﬂgﬂ’%f‘?%‘@ﬁ!&ﬁ?ih t he
sensompsesaure difff¢ramdeddiffeaerdial poreasirerbad® eaenmar snurm ang adjacght aahimurh imnsm t t ed

via the co nicatjon systemta the server. [0 . An enbodi ment of
cunul &Hr%%@%’ th?‘d%f‘g‘_ﬁ‘%r%sf@ _C?‘Ftoiv"\}&‘ﬁétﬁrﬁé't??‘??f}‘ﬁé@}? pl{‘?s_swsl_hsot ed above,
cumul ahhies ada @aolliy%s Qﬂe?ﬁ@‘ﬂ% 6P th¥hgse ﬂd&@girésfsﬁn‘%dlf"%)’h e BftleARdll On of hose

life. Cumul atiVe damage fornul ae exi st and are specified in SAE J 1927. The
SAE cpressareibefore amdafterfaonaniimm asteqnatte ot peeaten thandhé theeshalda gleenghata hose
based upon pr.essure inpul se exposure history..This. pressure hjistory tracks
Line SRPORPES Jainel e BRe neak i e rrerors ety HAvPgbs BFHSREE sy st em ( hose
assenmyryskure] SARBYIPEerhFlBYS firRfhidMhat BlinAE nRRAHR Hathadt bh&ldanl 2ego tRX1 Mums
and mnimuns fromrecorded pressure, versus tinme, data. Significant

maxi mpesk pIgesuRe-ni muns are cal | ed peaks andval l eys. A peak is defined as a

maxi mum bot h preceded and followed by a m ninum|ess than the peak by a
speci fi etD034burBABI1 2 mespsksla rtittidderfansdssing possisierbaed on R bayes s def i ned

as the gmal |l est. mni etween significant peaks..lt is possihle for peaks
o be POREESTRiTRPbgas T Eidsdh (bl s R rans esBER P, kewi so.

val | eygtupPiel Adrd) vHdiER raelyt tha RadkO RAHIAE SN bvdrealisatioh cIafHa?é hol d
(differential pressure) i's the magni tude of pressure difference

(di f f excewmulationplde prasent Pganiberhas thaasapabititaeldestidjatiogdamagafongth i n a
pressure history that i.s_considered, significant. This threshol

i 11 dr et TR brsing e i SO AL P presf MR EBo8: of the hose
rat ed tfyugh $d/greatet thal @érd. IS26E 011 76 peortd @t dplEBbBY TRIDPIWESsystech af ter a

maxi num are equal to or greater than the threshold, then that

pressure, but also the fundamentally critical aspects of temperature variation on hose life

and application conditions such as severity of hose flexing, hose twist, external conditions
of heat, ozone, etc. As noted, the purpose of SAE J1927 is to “provide the hydraulic
system specialist with a procedure which will assist in the selection and use of high .
pressure wire reinforced hydraulic hose.” It seeks to provide a means to predict hose life
for equipment design purposes, and out of necessity this prediction assumes that system
conditions will continue throughout the life of the machine, which is clearly not
necessarily the case because of real-world unpredictable changes in duty cycles.
Conversely, the purpose of the present algorithm is to provide a real time indication of the
amount of hose life used based on actual operating conditions throughout the life of the

machine.

[0035] While SAE J1927 recognizes that “other factors” such as long-term
exposure to extreme limits or high levels of internal temperature could affect the overall
hose assembly life, temperature “for all intents and purposes, have not been considered”

in the SAE J1927 cumulative damage analysis procedure. However, in accordance with
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maximumis defined to be a peak in the pressure history. Having thus

defi ned peak pressure, SAE J | 927 enploys fornul ae that estinate

cumul at i weodarmages2based on zero to peak pressure. [0034PCSAR209D05871
proposes a nethod of assessing hose |ife based on P-N curves and pressure
history but has limtations in that it assumes all significant pressure
peaks %@Ptﬁs?ﬂtt"b"eﬂé?’b,“ Dasibern detepraingd that fluid-tegwerature, gven mederatelYer est i nat i on

of dar@@ﬁtéﬁjmé {108 gvzﬁ@ctmnelﬁﬁgtlif@{n%pﬁﬁih / ?§)ésttgt}ﬁ, SRPahle! Ty of

estimati ng damage for I” pressure peak excursion at occur, particularly
for redxamplesitpnaebedr empeaxily ddrored in e dewvelogmensofghe ptesenttiinantizetlat  SAE J
1927 ignores n%ﬁ(. onlépbase fluid power s séem pressure, but _also the

f undan®ReR{lY ypeaking dapagedgadiose grereaseisy Bipd temberpturg ngheasss: H4e 1ife and

appl i cahildn aE@d}Qﬁﬂcie%]?n %gg%hs@lzt Rfsiah¥ nf¥dth&R3Re SAEI1097 chagRtl st

external conditions o zone, etc. As noted, the purpose of SAE J

1927 idanage fpmoNa ey bheidwadrasial statisg poiahfa e pmbéng diagnosticcandrespedsa e whi ch
will assist in the selectio d use of hi ure wire reinforced

i adopie gud metds Fudise if BBt G evdemaatnE | L BT ROSES |1 e f or

equi PrRBImPARHs ABoRPrEARE htetIY aB¥ theQtlall 06 BF8d1S ¥f diffefinPiRRE 6F I ON assumes
that systemconditions wll continue throughout the Irfee of the machine,

whi ch damagingzveyt. nidte algardbmdor fymulative dapageausad by thef present sypterhsiand
unpredi ct abl.e, changes..i ty. cycles.,.Conversel t he. purpose .of, t he

o Do e F P Tars el deafing el RS et P B RERE Blndine of
hose |SAE forpfladdTHER fBEtoRCinalditepeoal dnifican0prbséur® Beeritd) iuhgdeadit the |ife of
the machine. [0035] While SAE J 1927 recogni zes that "other factors" such

as | orf§peiakye epphicationigfopnatiaaichiagflexingy lepgthioftiaethe hesesihay e besay

t enper; I e Ll 1 ature "for
a1 TSNS, S0 e BlicSGher otip@URE LR TR AR Yotibfeq AAEREF 511 5,7
cunul adzove ledtalRpayel/@nhé liké.s procedure. However, in accordance wththe
present invention, it has been determned that fluid tenperature, even

noder at eljpn36] eViatopder!t6 pRdsct hake RRRVR addbréddcestittPihe Pesentd inféntion, sevélali d power
system over tine. For exanple, it has been enpirically derived in the

devel ofamehles are nreferabhepmerdefinadaneh anatingellajione e pjesspetikiens, andamage to a
wth (EEReaTaae Clu CRRRRE HOGh IR RARE Sy % it Bl nge
f or mul gysteay Timsywhaetie 3gstemss Anstalled, tho EQU fsqprefeludlpprogeamimeld afthost i ¢ and
res poni?l?ormation related to the hoses it is monitoring and to apply the correct damage

algorithm for each hose being monitored. In order to estimate end of life reliably, real-

time pressure and temperature measurements are employed along with the installation

information. Variables which may be defined at installation might include, for each

particular hose: a maximum operating temperature; an impulse point, which may be

expressed in a percentage of operating or maximum pressure; a burst point, which may

also be expressed in a percentage of operating or maximum pressure; the number of

pressure cycles until failure; pressure rating; a peak threshold; the flex the hose is

subjected to in the installation; a temperature response curve; and the like.

[0037] Figure 4 is a flow diagram that includes an embodiment of fluid power hose
damage algorithm 201 that may be employed with illustrated embodiment 400 of the
present methods. User programmed inputs 401 employed by the present systems and
methods may include: maximum rated pressure (P,) 403 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 (Ty,) 407 for
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systens and nethods for use in fluid power systens, SAE J 1927 nakes
erroneous assunptions about product integrity and the relative effects of
di f f eri ngvoyepsseed2odamagi ng event. The al gorithm for cumrgiratseas/oosseage used
by the present systens and nethods is based on statistical testing data and
I ncorporates factors not considered in the SAE fornul ae. These fact ors, in
addi t i%gph heses itgRPITRRERCSPANSE SUve 499 dor aach hage; gdditignal vagables 41 1ysuch

A R ahpialibh 9%&%& 81 3G S AP ek ST HoIR dubfeclipses have been

i nsta over pressure, over tenperature t enperature,
ant i ciduaingdperatioeof the zobject Mdlpsweammm vtzdmmgltkgger[(G.OB)qul, whathdeay t o

predict hose life in accord t he prese nventi on ever al
var i agiedasedon apereent of the lbﬁegﬂg&? mﬁ%goseswéwhias ?eq H‘FfSa‘Hda‘PFtGﬁ ‘Y‘Pﬁé pr esent
syst eqﬁm@@ﬁ)mghggﬁiec@dse& hﬁﬁ@oﬂl’x@‘lﬁka’iﬂ fe oqfﬁrﬂ?)gg suBdlgreay %@tblaé(edfsglely‘?ver y

hose in a fl'urd power system Thus, when the systemis installed, the ECU
S preﬁnhabgeyofghogomﬁMrmagnammbdnmsw mey bt enteted using gook225,0t i S
and.to a the correct danm orithmfar h hose being

1
o t Bt e, B bugriad R Btertlimadte pEsror Dasd ey B o siidr el el s oL o
and t GFRAS 0/EApIBYBS By TFNTh ons 1 APALRAALNGAORTY M el i BdcR! at | on

I nfor Vari abl es which may be defined at 1nstallation mght include,
for eauessper(P) 621 and mtsetanepmﬁmmrmuo@@?)aﬂaﬁnyhtcém@rb@ ealiectedrframpul se

or es PRRE A7 L SE BRI RFO R SeREL 5B 325, Moo R G Blend blerdi o o

operatmﬁwb@promﬂwmhggegssufeeserism auapkier of pressure cycles until failure;
pressure rating; a peak threshold; the flex the hose is subjected to in the

i nstal | ajgoasj ainto%ﬁ%ﬁtd%ﬁnﬁﬁgsﬂgﬁge ﬁlﬁ&%@ussﬁ&ﬂaﬁm WhétEit d&@éﬂnéﬂ gure 4
is a flow diagramthat includes an enbodi ment of I d power hose damage

al gor i atHal gotinstaatanceys essenpd 2)/ieas exnpeeded maugnwatret@d ems@me #eAto 00 of t he

prese ho User .progr anmmed |n uts .4 t ent systens
ra mosBas Ry, A SfemiBe Hs T e g AL PR oty BLERN ook
t hr eshahtdnfiResonet rattirel 424014k @x édedéd A Rinfurl he St temglsraﬁﬂé 4g7.particul ar
hose, usually derived froma percent of the rated pressure for a hose;

maxi mum [@ef tARESRRIdHhent o Rlg o‘Hi’ﬂmf%'i FRWEhBRSEIn Flgime:r@aweegeheﬁns)nse curve
409 for each hose; additional varlab es 4 11, such as application specific

dat a sdestribed as kaccanpassing ofeps Bék-446,dar tsswng awaniag af 436 ubp elaawn,o duri ng

Sﬁ?gﬁtrlﬁg{;ured 11%5?:?nt§#e%{1$ g}esgdrg I492 Qmwenpu? thie sﬁold presrsﬂ}enég)7t ¢ 36 at Q\A\T)to 413,

detect significant relative pressure peaks. Detected significant relative pressure peaks are
used at 442 to calculate hose damage, for each relative peak, using a P-N curve for the
subject hose. At 433, this damage calculation may be modified based on the
instantaneous temperature 424, as applied to the calculation in accordance with
temperature response curve 409. Optionally, at 444, the modified calculation may be
further modified by other inputs, such as input application factor 411 (i.e. flex) and/or
ambient conditions, such as temperature or ozone levels. The calculated modified
damage is summed with prior calculated modified damage for a particular hose at 445,
and stored. At 446 this summed damage is compared to warning trigger 413. If the
summed damage for a particular hose exceeds the warning trigger then a warning

message, for that hose is issued at 430.

[0040] At 450 a determination is made whether age limit 415 for the particular hose
has been exceeded. If so, a warning message at 430 is issued. If neither cumulative
damage warning trigger threshold 413, nor installed life limit 415 have been exceed, at

446 and 450, respectively, a normal message reporting cumulative damage, sensor

13



be based on a percent of the useful |life of a hose, which has been used;
and installed time imt (TL) 415, a tinme-based limt on the useful life of
a hose, swohosmenrry be based solely on the age of the hes®/uUskwmenoiseogr anmed
inputs 401 may be entered using port 225, or the |ike, enploying a general
pur pose processor-based device or_sim/lar tool, Sensor inputs 420 enpl oyed
by t haegstiegsennd e ke mayhedsswed BbHS ad theramudativedamage splsplaions ®a%yre (P)
422 aqgn%ﬁégﬁg;@ﬂeous tenperature (T) 424, which may be collected from
sensors 1-214, "or the like. Additional sensor inputs 425, such as

anbi ent r .hre may be prowvi ded hes [ .0t her.,.sensor as well.
0038] 1 MUARES Fos SR e BEGMHE SRt 0l 3P0 iR uRE Y The % 1
det er rgreRdt Fhtef3tbr UkEby Varidus RhbdaRHENtPHLHS P ert2lediRBme Yaed adermaxi mum
rated pressure 403 for a hose. Simlarly, a warning nessage nmay, be issued

at 430npdlata; suchgs Bl sprveriatpraatians hose pformpsionnpeak drgshaldfie 258 IWPBL 424 has

j {. . . i f
ol Gor 1 R Do Tl BHRR SRR EMR e Bhifs e R fraet Bl SORORUIET °
encongasktably, shie pser 4dplit 440 is forwvardedat 505 B MednmiahdatatepdSiforyAschlaswn,

measured i nstantaneous pressure 422 and input threshold pressure 407 are
used aenialservsT 4&)- cbhe uselnpnf dafa mavdredoryarded tosthe centid sgyer Feact ed

signi fj e Y : A ed, At H8ictAhsk! &twndpse
danagé#ﬁﬁg@négéﬁgﬁﬁﬁég?gg%gggﬁﬁgﬁééﬁgngm%-hggﬂESé&%S?&fﬁg suﬂ?éct hose. At
433, tadhasedamplgeedal cul ati on may be nodi fi ed based on the instantaneous

tenperature 424, as applied to the calculation in accordance with

t enper at YyoA2] e SROFIDpredstrets AAsurePisuonas by serdbrs44;2 1uhertrsadiaf i ed
cal cul ation may be further nodified by other inputs, such as input
appl i cdatsrBynatign ipmade, preterably by the BCU neing A passpisspmplsddiam dits, such as

te”perxﬂé#ﬁxeefrfé%n %Zﬁngg?%t?\éﬁleg%er Bges%g#e%@aﬁtise@eté@%‘;ﬂfﬁ 3R Ralk faSuMTEd W L

prior calculate na a particu se at "445, and stored.
At 446dehidstestadmesl ) drimpessuse peaky and podsiblyits diragon ris ggendedlad.anlihpiithe sumed
damage f or

a particul ar hose exceeds the warning trjgger then_ a.warning
messad®,thg ‘B%m‘fqﬁé‘fe He¥arq mage galgu loﬂﬁér.r‘.e\fqa@@h@] S%At %%8‘@6588? BheEtion i s
made VSRS He AT dbieBlell afts 1D Si&gm?e heRvetienthta1 0RBABNIAS ARATLANGeeded. | f
so, a warning nessage at 430 is issued. If neither cunulative damage
war ni rtge prasgge mensurerséntlati S0 B, usad at § Hstoaivakdtel whiethdrithe preasige nea/bodseen
exceed.l,s o%r 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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446 and 450, respectively, a normal nmessage reporting cunul ati ve damage,
sensorreadi ngs, and the like may be issued at 455 and the cunul ati ve damage
cal cul at iwoomep232et urn to step 441. [0041] Figure 5 ispaTmse@deisai | ed
chart of flow of data in enbodi ments of the present systemfor use by

vari ous enbodi nents of the present algorithm At 501 user input data, such
as P-N clf0dd] | Himilagdy.iapA42 ambient pir S3mparatyre mpy bk measwehol Wis agbéent ar e | nput
to the ECU for i tiv ) | cul ations at
503, ARSI RIAHR o ML o b RSP0 AR BB R F 505 1 o

cent r a¢mpéahtard @mgsenbaion faStuetd Wsappéivd ir¢ursElatras dadedle chlvalati®ars3onput dat a
may be forwarded to the central server at 505 upaon initialization, or as

part d¥I IHNCHAtEie Mg MEpEAt 842 81y WIS&sbeeFVBBHaPeG(ﬁQé% tRidetermige WhERKT a hose i s

repl agﬁé;maﬁiggt“t@&lﬁétanﬁé% dHose ggflﬁ%e‘rﬁ tﬁ%%ﬁ'f?ﬁg';o,t ﬁ%ﬂ% rﬁésly FERSWSHt 2 11-214.

At 51 etermhation I's na refer INng a pressure
sanpl ed0f Howevéoe ifithasmbenetempetatixdQs detsrmhiaedvoctideithm normabparemptessk i S

detected, If a pressure peak h n.detected at 512, this pressure peak,
and pé%g‘i“bﬂ’;? mqaéuraﬁwa&ma}ﬁ,%e ?@r%f%\%ﬁge@r Hansipissinp as P of {RCTMEI at i ve

pressqllbﬁnglladﬁggﬁoﬁ%égggé@taitg@5parried out at 503. Regardl ess of whether or
not a peak I's detected at 512, pressure neasurenent at 510 conti nues.

Addi t | O“fdr?"tglp e cﬁﬁl%?a%}ve%haﬁﬁgé UEIEMERn Qtt53%1:90&iﬁeé*ﬁ1%qe§3ﬁts%%5 to evaluate
whet her e pressure 1n a hosé s over pressure, of under pressure which

may | rdmudtioe prdsedk dainhgé balcylaass03xby sppyihg acerapératire othpakaticn det ect ed at
515, war ni ng y be jssued at 520. However, if the pressure is determ ned
at 51532¢ter dravid gl%ﬂhthﬁmwrrwraé\%t@?aémﬁét ﬁ%%éu?féﬁsewﬁwiwng thet be stored at

517, I/(\;A% uldte 5;@5&% ‘&Qm%%g; E’ﬁ&gatgén 81!&?5& Qe mbBPHIPIARPE tRY lepifivEESSage at

525, ch may be transmtte ased on” an el apsed tine tracked at 518.
Cumul atldengrdassige coradedrwge demhge) impardetsbyathe tanaperamde ofithe dluidbh8 usi ng

rel ative. peaks detected .512 and P-N.curve information proyided,at 501.
The- r aBi<RE §9s< I GREIE ks OpDELTaYRor ORI BEREt AR EnEloraB ar e

provi 4edp@atuddd abBPalh nfaQirAiim @¥Rd rhpe it R tMEhoR ek ahat bRl foP Auglt 530.
[0043] At 535 fluid tenperature is nmeasured, such as by sensors 211-214.

Thi s ttemper@rasibelavetheunavmnm ratgd thaperapirejardhaithosd0 as an input to a
tenperature conpensation factor to be applied in cunul ative danmage
cal cul at [09d46p 3@théd pdssﬁblednpﬂsai%ﬂmmmt@mge 53bulatgn aBG onight
eval u?ltlcﬁgde tosg%?ox}eglegte ag{orr]g, QSCh\AQsefrler;(e{54g)h§r 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 warning 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.
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fluid tenperature is above or under a threshold, if so, a warning may be

| ssued at 520. However, if the fluid tenperature is determned to be within
nor mal pawarretodwss32at 537, the measurenent nay be st or edPar/uB2a09/0b%321
transmssion as part of a periodic nornmal operation message at 525.[0044]

Siml arl{[}(@at 542 anbient air tenperature may be neasured. This anbi ent
t enper at (1048he AAdditorally, atedp0he agmela RastiGulpEhesayihe fuid pAWESAYSte®. an i nput to

a teW%g&%g%%%@&%%u%&t f{}&&h 4o éﬂs ak E?ﬂeﬂ@tﬁ%ﬂf’%ﬁ%'ﬂ‘(@h amage

cal cul® re rhaasur ment s” at may al so bé eval uated
at 544mipbamberiteredelfwheagest drieafandse eampbmmeomymemsnsdabmmaecbat i62der a
threshold, if sq, a warning may ssue wever, 1f the anbient

t 520. .
t enpertaharerepehederieeicanineg t%réslw?@ APRI! g}eﬁmth%gg?reqoglpgpegwg t he
maasursg,g@ﬁllt tﬂgﬁ)é‘p‘ﬁnﬁlg %ﬂb@f‘ss&%ﬂa h@r transmi ssion as part of a periodic

nor mal “operfati on nes at 525 0045] The cunul ati ve damage cal cul ati on

at 530 es,th f | on 503
by appl 4 tf’é%%%?%?ﬁé%%?dﬁpens WAt Rl IOE NHRTRAG: GRhebu Rty
t enperailﬂlté@oﬁﬁaﬁlab&ﬁd@iceﬁﬁl the pedseAtSinnettionpsuchrag rﬁdjﬁ)eqmpllérﬁéntatbbpr ess ure

damage cal cul ation_result a nunmber that reflects the relatiye additional
danmageesronsg %t@é@%&ﬁ%@@edllﬁﬁé&‘{r@é B0 IhtemperatE and peessire phak ¥=} ®id the

t
part | ot ﬁ%ﬁ&gagrg&&%pgﬂam&% APrombldtturc SRR (o851 41 Bisp %A TRLEehdP adRuiR! €7 ¢ han

ratures a e a nmaxi num r at ed t nperature at hose
and | gssver bgstern dmatyais dflthe dath enf®t tafadsredgaithmd sucheas |dmsmsseétabthe

tenperature for .that hose 4 Clher ss bIe I n 547 to

cunul df ¥4 taduige hﬂ:%‘?‘é’lﬂf&f‘{"b‘?? %']Sélmﬁg% %\E‘}E If act or s,
such a&rﬁﬂo‘ﬁént(lé@ 18 pbWes §yste?‘1'i‘ ?y&ranﬁé Rl of ¢RNdif BfeS oPﬁashﬁﬂ’éd ozone,
etc. which a hose i's subjected. For exanple, flex factor 545, or other

facto rhfqmmtlaet}apmel fbuid powemrmwmhms mvemg the snd of dsinsedd lfe) tg Ifailadon, such

as by f mul ti t he fi I ativ essure damage

cal cul Yt f‘%tﬁal ‘Egﬁﬁ r{{)at"ﬁg‘r’ %ﬁﬁ?@? tf’% %{I‘f'ﬂ}h §P‘3‘r BTk one) t hat
ref | ecifortlifon %cﬂbbé{tﬁ)rﬁﬂ% Eérﬁfhﬂocﬁﬂ@iﬁgﬁch sRIseAlr bys Nhetrhtee Xt Pigued t he
particul ar hose, or the 1ike. 0047%5\1 ‘The result of these nodifications to

the ¢ uhmhatmf\sbemymsls mrfefer@hbag@ yzed (&l Op at the cemtzal logasien te; defemmag ali t h

R T R e A

hose 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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Is evaluated to determne if the hose has reached a threshold that woul d

I ndi cate the hose has reached the end of its useful life. If the hose has
reached awoenth/wb32ts predicted useful life, then a warrCmgScewsessel nay be
i ssued at 520, if not, the total cunulative danage for that particular hose
may be stored at 517, for transm ssion as part of a periodic nornal

oper at i o048k s dgeceordars Withothe presewtisystemalang meghods @0 aftganaket ipstalied

particul ar hose,. the fl ui r . em...a partic engor of the

6 agndbiesits 3Fumh Wl g REAE B LR A OB S BB | Phce. "y be

nmoni t Ghdifltendrce B Mgcbodiswidatadlito apare daitsnadadvige tikypeeifis i s det ermi ned
at 562 to have reached a pre-determ ned threshold applicable to the

part i c@ssembliesmpeshine: anst loggtaqreim need efprsdighive mugntaranceeAitarBadelaths 20, [ 0049)
As not e£d.:1 Ei ' %{lﬁ . ' di agnosti cs
and re@%g%@é%@g?g%@‘g}#& épw 'iltE rl\lg{t’pgrﬁgfsl gggl e?a%é’rg%%ﬁ%é%é&sx‘égﬁ%‘ggﬁn&gy be

I mpl eneitti £ grebotibed Sipansey oY sdpdaoei(@dt partsl whichajoatli bereplegished as thay a0 1
tenperature and pressure peak data are acquired from gig(?sure .ar&d
t enperuitdir B Balshiel ve snvironmeny, the digguosicshrisdrabe swtled &s JRger syst em

Anal yséqﬁgme& %ﬁt @l@tcé'mfat iz eV & &uicgi%é MESAhEPEY IR Mhantittdiues ofigcussed

above, use 0 bul a history cunul at1 ve danage and to determ ne
when aletlets, suchahsrdeconmpbinehdata nolidvtion kould beeaesidepd fem®@EM seathi ng t he end
of its.usgful lif%ﬁ or hgs fajled. Information that the fluid power
conporsétiiant dealqrship apdia %‘Hﬁ%eftplr?%n‘i?seful life, has failed or that failure
Is immnent, is transmtted at 607, together with fluid power sysqtlem

105

i nf or mat [ hndy dREthenaterngive, depressnt ysteatsid, meleds may boewalove
11 usty, %(g?to* Auid RBWeE systepd Work Hted, BRiHeQlke! SHREE tRE g%%é’m%?ﬁlaﬁﬁg g6q (610) at

the centr ocation to determ ne an appropriate r onse, 1 ncluding
r epl aaeetbods may besused dolbptiaizZean adilressgpungvepaiperatorab opeariataxr #oand pr ocedur es

for maintajning the fluid wer .system.and/ or repl aci.ng t.he parts. At 612 a
| ot poreBRls s PR cam b GoBaREEd By TG AL hesraPien R AR LR i 4 powar
Syst ehadhitfel i¥ didatbritherat O6AY bR bedlg %ﬁ&n&k&ﬁ. dA REWEv ey 8f ﬁfﬂiﬁ&f&ll&,d&ﬁ&ﬂ fication

of the replacenent parts and procedures, to a response unit, Such as
ser vi dbiid pawkr sysEm ddomay ibe eFalyated by theBC U pi idgpradattpiongeamplenIn he type of

i nformation received t he di.agnastic system. a. suitahle service response
can’ DO EPEAD (O HE AR e gt by Sl AP e ST ot
I nf or niadt @R bk tohitbRAdh sdHSA fiabbkdraks t@proveded Esltagd SizhaMiat weties bagedtont he site

of the machine and effect preventative maintenance before a failure
act ualthg cheregiesstiaéibue 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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response mght be for a supplier to fabricate and di spatch repl acenent
parts direct to the service agent or application site. At 615 the response
uni t respsodsicw2i2be | ocati on of the fluid power systempPartus2a0a@05821

repl acenent parts, and at 620 repair and/or naintenance of the fluid power
system such as by replacing indicated fluid power conmponents prior to
failure of the conponent, is carri€BAMMS thus averting failure of the
fluid power system Preferably, follow ng replacenent of the hose the ECU
is reset ylht 8USH ranner that cunul ative damage to the new hose is

cal cul at ed anew. [H%SSO] In accordance with the present systens and nethods
an afterparket installed.diagnostics system nmay communi cate with a
central i yed s&rg Ogﬁ%fnpléﬁ%'r and mai ntenance data nay be distributed to a
parts di stri bpo@fiofif Ae¥uSEpLARE afPAGIEHGn ASRAT B WESsystBRghi ne, and [ ocation
in need of predictive maintenance. Alternatively, the distributor m ght
oper ate out ofmeasunmigit¢raperature inssaichlaid powsr systerenent i oned response unit with

i bed | pvent { repl t parts, which could b i shed
ey are usedvatioune g iEBrdEsitior Bk Rosth Sl T Bar R S80S oy bo

i nst al | edarsd By b&ihRbssefPeaRBASedDMhnt ditert 0 tHedrbsst @k vad tieoul d be
mai nt ai ned by the nanufacturer, or its dealers, such that decentralized

dat a col tesneraswresd fluil Weeaglbpaid besesd for OEM s with significant deal ership
and aftermark rese 3 el Ve resent
Syst ams ana. nevrBRER AR pontO aidin Bl HAL REEHAERAPNR it B’ PO,

rates, ohodelltsbedeeutilizedcand t he present systens and net hods may be used to
optim ze machi ne output, even operator_ to ,gperator., For exacﬂal.e, t he system
can be confi giMaBHNE B SerEIce CARGIEON RE opefseefi Beatiogreopgition for $adEuidhe machi ne

i's used g{)wgmg{eﬁé(?f iﬁo EntOSH A8 Mgﬁbﬁ%terﬁ' ternatively or

addi tion Y, urd power syste d may be evaluated by the ECU,
oi | degradation for exanple h particular, input to the ECU or sensor input
can be any chahaedettiddsdfictaimal, twhebeih €aidrcalcalutiap comptisesaaldatatingaidor ed in
such a manner as to provide a voltage signal that varies based on the
char act edr@egecto ahose cased by caghypressure Repknbassd gt leays g gt 9 ad@ldhi¥e i sfire,

hi gh coo b@'ﬂg ofttﬁggl%gﬁﬁé", "8d tQabdr&fuYe GIRLA % tHelHoSe Q{tﬁﬁ SiteSof (Rl FresduPO52]

Al t hough the preSent i'nvention and its advantages have been described in
detail, iptakshoul d be understood that various changes, substitutions and
alterations can be nade herein w thout departing fromthe spirit and scope
of the invention as defined by the . )

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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appended cl ai ns. Mreover, the scope of the present application is not
intended to be limted to the particul ar enbodi nents of the process,

machi ne, warofeaskizoe, conposition of matter, means, et raEAISaVd/08382PS
described in the specification. As one of ordinary skill in the art wll
readily appreciate fromthe disclosure of the present invention, processes,
machi nes 8- mandhasetiras ofcbrgmok ivwheseis soifl onhef wecifigatigisconditigigoVelor st eps,
presentlyrgﬁgaﬁ&ieng or later to be devel oped that perform substantially the
same function or achi eve substanti ally the sane result as the correspondi ng
enbodi nents described herein may be utilized according to the present
invention, Acqgg gicddyof Adif BRIRMEIRJaidloat BspeEifichiidreésifiitidmisipag! ude wi t hin
their scope such processes, machi nes, manufacture, conpositions of matter,
means, neemsddife.or steps. CLAIMS What is claimed is: 1. A nethod conpri sing:
nonitoring pressure peaks and troughs in a fluid power system mneasuring
tenperatyre in,said flu d.po stem. cal cul ati ng damage to each of one
or nore Eéseslhlﬂmse odlqlﬂcnglgl %ﬁrﬂgﬁéwg’ﬂ’bﬁﬁ%aused by each pressure peak based
on an extent eéndeBEndh BEAIHUREFE pRitdsdohDad AMMRRIRLUY aofirofdrii d i n each said
hose; continuing said nonitoring and neasuring to estimate how much |ife of
t he hose phdernbegsridcalcilating andhshidaaming for collestingdntosmation mgashngyt of
specification condition for said fluid power systemor a conponent of said
fluid powe™$stem 2. The nethod of claim1, wherein said cal cul ating
conprises cal culating said danage to a hose caused by each pressure peak,
based at 1I1eastrhgﬁle|g§{40fca1lai§1fﬁ{rp‘{ew&nﬁﬁgggof the pressure, and tenperature
of fluid in the hose at the tine of the pressure peak. 3. The nethod of

cl ai m 1 wher ecompuinitating saifl atarnige tak eentiahiagatier tamrate doge seed 8idf | exi ng of
said hose. 4. The nmethod of claim1l wherein said calculating takes into
account PPHE P3"Hbrvice of said hose.

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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5. The method of claim1l further conprising cunulating the cal cul ated
damage to estimate how nuch |ife of the hose has been utilized. 6. The

met hod ofwol2aiomeiz29wher ei n said warning further conpri se@sTNESRENOOQSSOf
failure of a control unit performng said calculating or failure of one or
nore sensors providing said nonitoring and neasuring. 7. The method of
claimi1, l%erghﬁﬂ@éhod of glaimf1 5 phierein sad puirpfspacificatinn qoadibipacopasesr e. 8.

The net hgd of i . rein said out of specification condition is over
t enper at %8‘.’”@%%@#?%?‘%@ of claim1, wherein said out of specification

condition is past service life. 10. The method of claim11, further

conpri si Ng: CPRORtHADIRIMANS MheRiM PAS BuifApeSHeAtidIaRAditida\CofPrises a
control unit performng said cal culating and said warning for collecting

i nf or mat RBAVErderAPLRINEE eonddtan. ng. 11. The nethod of claim 1 further
conprising comunicating said warning to a central |ocation renote from

said fluid power syste 12.. The nethod of clai. .further conprising:

depl oyi nég'a p&ﬁ? 816%/}{0591 Oglflab?‘elés&’ reé‘hé?‘&@ﬁb%t’r:safﬂg]gg%oé}ncé’é‘ EWHiCPgR)P “carry out
sai d mngg@;ﬂiﬂgsmmuri ng, each of said units deployed in a different
area of said fTuld power system each of said sensors nonitoring and

measuring pressure and tenperature in each of a plurality of hoses in the
area it 6. di Thesethodaufatldimeld, whyiremysadoht off spebificitomesndaiongompmisesor ed by
each of said sensq{;s.?é?.. The nmet hod o;l cl aim 12§ wher ei n said cal cul ati ng
Varies abEBiPMiFete coalifioR PTIBF 4] TIRER LR R ST SHCPOMASEEN of i aim 1.

wherein said warning conprises a visual warning. 15. The nethod of claim

14, whersgin sai I ing conprises flashing at | east one warning
l'ight i nQIE)'r ed%‘t%rserélhﬁée{gﬁps%%ﬁtﬁgnces, i ndi cating one or nore particul ar one of

sai d service aphdalityofprassureahd edmsqpatard seasdriumits,ceanbliof saadufits said fluid
power 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.

22.  The system of claim 21 wherein said control unit is programmed with at least

one variable for each hose.

23.  The system of claim 22 wherein said variable for each hose is a burst pressure

for that hose.

24.  The system of claim 22 wherein said variable for each hose is an operating

pressure for that hose.

25.  The system of claim 22 wherein said variable for each hose is a normal

operating temperature for that hose.

26.  The system of claim 22 wherein said variable for each hose is an alarm

temperature for that hose.
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system or a conponent of said fluid power system 16. The nethod of claim
15, wherein said service condition conprises a warning that a particul ar
hose i s nwarbrgeedze end of its useful life.17. The net hedTafS2abadisels,
wherein said out of specification condition conprises an over pressure
condition. 18. The nethod of claim 15, wherein said out of specification
condi t i oA7-conph¢ systerapf elaun 21 svhsesinsaid bosodmagemhgorithm iy cumplatye of cl ai m

15, whergj n %ai . specification condition conprises a warning system
faul t. ZEE.)S ea%%?%tgaﬁ%?' claim15, wherein said out of specification

condition conprises a past service life condition for one or nore fluid

pover sysgem ¢ROPARGNbEcladn 21 whebdis sAMCEARRN inft b wamBb¥ falukd ¥f Bk pressure
and tenperature sensor units, each of said units disposed in a different

area of eorfttoludit poiwlureglsanerpr reerelsensbrssai d units nonitoring each hose of a
plurality of hoses in the area it is disposed; and a control unit

progra Wi i nformation_identi.fyi. each hase.bei ng.nonitored, said
Dontr ol B+ TBPYReh ChelBe 21 lriaje i But o snes BERi COUIP PPEd hoses

usi ng nDB}etsQﬁ@d pressures and tenperatures, and warning of out of
specification pressures or tenperatures or hose damage in accordance with
said algorithm 22. The systemof claim2 1 wherein said control unit is
progr amm8d. wi The agstdneas tlanne1 warerahkadioat ofespetificatsen catiditiobhis oggrst em of
claim 22 wherein said variable for each hose is a burst pressure for that

hose. 24CHEANICSt em of claim 22 wherein said variable for each hose is an
operating pressure for that hose. 25. The system of claim 22 wherein said

vari abl esf or qg}ggs{%gfb irﬁ‘zﬁ'%x@ﬁér&i}f\;@{i@ﬂn%ng tenmperature for that hose. 26.

The system of erein sal rrabl e for each hose is an alarm
t enper at ur e f areaishfor chraseti2y a gdinralgyspasmpedcesdoaibaséd devidean gaid sgstexh hose
damage al gorht hmis_a cunul ati ve hose damage al gorithm

for collecting information regarding a warning.
32.  The system of claim 21 further comprising:

means for communicating said waming.

33.  The system of claim 32, wherein said means for communicating said warning
comprises means for communicating said warning to a central location remote from

said system.

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

comprises at least one means for providing a visual warning.

35.  The system of claim 34, 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.

36.  The system of claim 35, wherein said fault condition comprises a hose service

condition, warning that such hose is nearing the end of its useful life.

37.  The system of claim 35, wherein said fault condition comprises an over

pressure condition.
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28. The systemof claim2 1 wherein said control unit also warns of failure
of the control unit or failure of one or nore sensors. 29. The system of

cl ai m 2 Iweotherogiezs2sai d out of specification condition i Cowseoonessure. 30.
The systemof claim2 1 wherein said out of specification condition is over
tenperature. 31. The systemof claim 21 further conprising: means for
connect i A4 a dbpeystam pﬁelpméSpwb@e@sG@tdﬁaakeqnch@vm eempasesan@Vey st em f or

col l ecti i nfo k-on regarding a warning. 32. The systemof claimz2 1
further gegnrpgﬂnér%%galﬁg%ns for conmunicating said warning. 33. The system of
claim 32, wherein said neans for communicating said warning conpri ses neans

for commygi catrh&gystéh 8f YRIMBHIwWh& e safRMaliRohdIfh t&RpF SRty stemouial d
system 34. The system of claim 32, wherein said neans for comunicating

sai d warning conprises at |east one neans for providing a visual warning.
35. The 4§st efthofystdmabficldin 3fhehaem diffetnofaulteasditionecangzersst fasreagh ovi di ng a
vi sual warni.n onprises at |east one warning light that indicates a

parti cul H‘rd“f’g‘?ﬂlg‘ogndi tion by flashing in a predeterm ned sequence. 36. The
system of claim 35, wherein said fault condition conprises a hose service

condi ti oy wakql ' nﬁg; ditgadeseful life.
37. The Lsi%/'ste%ﬂ%%é%ng?&c%gﬁa\}mh\ggée}?iﬁs%al s??&ﬁa@%g%ﬁﬁ;{%g co?rpri ses an over
pr essur edamagh tbitlnh@8 cailded byyeatiemeasured piessudbpeakh basedmat Eastdnfpadion condi ti on

conprises an qver tenperature conditign. 39. The st.em of claim 35,
wher ei n iralaP&%{effe@m P‘ieéwr%B?PE‘r ?%‘t clermpaalisg ‘Péﬁ‘l“fi.m s hottre system of

claim 35, wherein different fault conditions can be set for each individual

nose. | &Laa TheTRUS{GiM B oBALT SheretNGIF LRl DR A AR ARIY | I

cal cul at es’ danage ose’ caus y each neasure ure peak, based
at | east hose daatage 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.

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

information identifying a hose being monitored.

44.  The system of claim 21, wherein said information identifying a hose being

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

45. A method comprising:

acquiring data from pressure and temperature sensors disposed in a fluid
power system;

analyzing said data in a failure algorithm to build a history of cumulative
damage to hoses in said fluid power system;

communicating an indication of potential imminent hose failure to a central
location when a level of said cumulative damage indicates imminent failure of a hose
in said fluid power system,;

analyzing information at the central location to determine an appropriate
response; and

transmitting, via a response network, information about said fluid power
system including the location of said fluid power system and identification of the hose

indicated as subject to imminent failure to a response unit.
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the relative |level of the pressure peak, and the tenperature of fluid in
the hose. 42. The systemof claim 21, wherein said control unit

cont i nuousbyeosppbkizes sai d hose damage al gorithm usi ng sa&icu/useevoaessed
pressures and tenperatures to estimate a |life used of a subject hose and
warns when a hose is nearing the end of its |ife expectancy in accordance
wi t h sai d6.al g&h¢ methodsd clannetSs fisthenconpising paid tespanserwiityesponding tgor i t hm

varies a i id.]. madi-on identifyin 0se.: bej i tored.
12 The: SGRIGRH A ARk S THE Pk BERM e b Pl Bic iR, ' DEce

bei ng noptibabdsihiraof skié fluibpaivdiaysem duetatfiiRie bNthedbdsd dbsudtopfailer syst em
45. A nethod conprising: acquiring data from pressure and tenperature
sensors disposed in a fluid power system anal _yzi_n? said data in a failure
al gori t hA7t o Bhe¢ methedinfslaymyd6ovhere said sompmndeating enaleddsdeasmitingai d 1 ui d
power syst C i cgat i 3 _ndi cat.i otential inmnent .hgse

o ur o TS HauBR A Mios Bl Ao 24 BRI Ao Bt heml AT B BB

i ndi cat efodetBirdtamtsafdfhhidpowet s@tdi &Enérihat 8pétafidndi d power system anal yzi ng
information at the central |ocation to determ ne an appropriate response;
and transmtting, via a response network, information about said fluid
power sy48.em Themgthodpfickem| 45c athersmn sefid transmitting ebnpees coysaivAaNg
identifigation of the hose indicated as subject to,.iminent failure to a

" esponse T ETRRIom I 1R RO GrAi BPwR o P hn b PP UG g Eai d response
uni t respéamiiuiidated wethisdid re§Fins®tni@and mai ntai ning said fluid power system by
repl aci ng said conponent prior to failure of said fluid power systemdue to
failure of the house about to fail. 47. The nmethod of claim46 where said
comuni c4?i ngThewslethddoftctaamsis, fitrtheg composinasaid dluidpewernmoniposenthas f ai | ed

and net hod f.urther.conprises replacing,the failed hose to return said fluid
power sy&{F® eﬁ%‘pﬂé? npeé’?)aézfgltepﬁlgqsei%tc’aqq'ﬁeéc’pﬂ’ésteﬁglbt' of claim45, wherein said

transmtting conprises comunicating the information and |ocation to a
fluid povgr CORPARERG oTWRR £ whitBinGid dgdrithth employs at least one variable

for each hose in said fluid power system.

51.  The method of claim 50 wherein said variable for each hose is at least one of a
burst pressure for that hose, an operating pressure and cycle life at that pressure for
that hose, a normal operating temperature for that hose, and an alarm temperature for

that hose.

52.  The method of claim 45, wherein said 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.

53. The method of claim 45, wherein said algorithm varies according to

information identifying a hose being monitored.

54.  The method of claim 53, wherein said information identifying a hose being

monitored includes said hose’s location in said fluid power system.
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communi cates with said response unit. 49. The nethod of claim48, further
conprising said fluid power conponent supplier supplying a replacenent hose
to said rweporge2anit. 50. The nmethod of claim45 wher eiPoTAB2@9AbI$Or i t hm
enpl oys at |east one variable for each hose in said fluid power system 51.
The met hod of claim50 wherein said variable for each hose is at |east one
of a bur8&3 prAdbud power componepighagnoshc apbrespensg PEEEEAEPIEME cycle |ife at

t hat pressure r: L : e I'IHQ t -1 hat hose,
and an alarmt %f)llec:ng? %‘réég?@? d?ﬁ%ﬁﬁf“ﬁ@gﬁ%@h e "&rregggsg%fﬂocp B@IOI&?{M%S, wherein
sai d al gagdrinBnead ebitatefuldifeeghad failediandose caused by each neasured

pressure peak, based at least in part on the relative |l evel of the pressure
peak, and t heMe@der Harsuittye ipfogmationabayd syid fand paversyslemegAmRPNSHL ¢| ai m 45,
wher ei n ' ' (A i ' ] ' ifying a hose
bei ng rm?%%% %?IZ‘BQRElbf?%“\é&r?gtgiﬁrgg:%gﬁog{ﬂg%&&g%g&%g’r@l}lg%gg:eg%ﬁ%‘r%r mat i on

i dent i f ydetglsg adgouhé pogitiomnof ¢quipdentmeduntiag ssidi fthidpesetssyswoatoiaon i n sai d
fluid power ft&;tem.SS A fluid power component diagnostic and response

syst em cEFFRI OCHIP: a0 edi cti ve al gorithm determining when a fluid power

system conpongind Sy RRFSAdI A saRMh G natiba td'fpldek shidffRii@powassyshl ed; and
means for transmtting Information about said fluid power system conponent

t oget her campdneht priat tpdabwre of/siid fludpoyeneystempenipbherdt i ons, flui d power
system details, and ground position of equipnment nounting said fluid power
systemto a ceptral |ocatjon, and neans for. responding to sai.d |nformation
to repl ac® saf eﬂrSﬁﬁnaog Wé‘?sgy‘@‘ﬂ%’ E%ﬁ'ﬁb‘?ﬁ’éﬁ’cve&?é)%’rtnh@dg?éwmﬂ HVePOEai d f1 ui d
power syg&ﬁggecdqgg}gmnt. 56. The system of claimb55 wherein said predictive
algorithmis a Tumul ati ve hose damage al gorithm 57. The system of claim
55, further conprising: neans for conmunicating said information fromsaid
central bocat Thasystdmi ofigihina 5Py fartHet @niprisaes: cormuni cati on channel to said
nmeans for respondifng. . . . . .

means fof communicating said information from said central location, through

a pre-determined communication channel to said means for responding.

58.  The system of claim 57, wherein said mean for communicating comprises
means for communicating said information and position to a fluid power component

supplier through said pre-determined communication channel.

59.  The system of claim 57, wherein said mean for communicating comprises
means for communicating said information and position to a fluid power component
supplier through said pre-determined communication channel and said means for
responding comprises a response vehicle equipped with replacement fluid power
components supplied by said fluid power component supplier and repair or

maintenance personnel.

60.  The system of claim 55 wherein said means for responding comprises a
response unit equipped with replacement fluid power components and repair or
maintenance personnel, responding to said location and maintaining said fluid power
system by replacing said component prior to failure of said fluid power system due to

failure of said component.
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58. The system of claimb57, wherein said nean for conmmunicating conprises
means for conmunicating said information and position to a fluid power
conmponentworpmlices2ot hr ough sai d pre-determ ned conmuni caCirars2abanisel . 59.
The system of claimb57, wherein said nean for conmunicating conprises neans
for communicating said information and position to a fluid power conponent
suppl i er 6}.-hr ollgghsystamofelaimy 83.durhera@mpswingai cati on channel and said neans
for respondin i i equi - M ment fluid
pover - componcal iralsF kst SRERARERARY Gier URBTdthtbrs SRBRATTE (11
or mai nt gnadicferepeired b e fluidgbwerhkgsteysndProfidinkanpatdo wliepedictisai d neans for
respondi ng conprises a response unit equi pped with replacenent fluid power
conponentl8ohAl- r epai r or mai ntenance personnel, responding to said |ocation
and rmaintaining said fluid power system by replacing said conponent prior
to failu of .said fl uj oper ste ue. to failure of I nent.6 1.
The systéﬁl ofT ‘Tse?fSFﬁn%é{:gflﬁ? (Vavrh%%:(%%%zifl dgFO%erﬁ ?Jtrg%llclo ;}"’3‘?}1‘3? ggfs{%?e and

t enper at péwerd@esor s, each of said sensors disposed in a different area of a
fluid power systemand providing inputs to said predictive algorithm 62.
The systemof claim6 1 wherein said fluid power system conponent is a
fluid potbr hbbesysesn ofi¢laing 92+ weharein seidaalgnrﬁgr,n entrdoys af least anayaywble hm

enpl oys at | east one variable for each hose. 64. The system of claim 63,
wher ei n goéieﬁ&\a/}é?sfe'abl e for each hose is at |east one of a burst pressure for
that hose, an operating pressure and cycle life at that pressure for that
hose, a p@r MrhORRieHh b@laint BB SWRdrEin&aldfarfabRfoNORE hodEh i eadd GHeBf a
tenperature for t'hat hose. 65. The system of claim 62, wherein said

al gor i t hhurstressieet fos thih hegge an operhiengpressucaiseayclylifeat thatrpressire forpr essur e

peak, baged, at |east .in rt.on the relative level of the pressure peak,
Prd & he RBAEP. Tt pPrGhg epeififreBL bl e’ S il BB EIRe o5
wherein gatkbsadl gorithmis continuously applied using

65.  The system of claim 62, wherein said 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.

66.  The system of claim 62, wherein said algorithm is continuously applied using
the input pressures and temperatures to estimate life used of a subject hose and said
information includes a warning when a hose is nearing the end of its life expectancy

in accordance with said algorithm.

67.  The system of claim 62, wherein said algorithm varies according to

information identifying a hose being monitored.

68.  The system of claim 67, wherein said information identifying a hose being

monitored includes said hose’s location in said fluid power system.
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the input pressures and tenperatures to estimate life used of a subject
hose and said information includes a warning when a hose is nearing the end
of its |iweewpeei2ancy i n accordance with said al gorithmcTak20090es83yst em of
claim 62, wherein said algorithmvaries according to information
identifying a hose being nonitored. 68. The system of claim 67, wherein

sai d i nf@?.mat Aomethgd epmpyising: a hose bei ng nonitored includes said hose's

| ocation in said fluid r stem 69, A nmethpd ¢ [ SJ Na.; ying a
b odi i1 ve ar gBromhA R FERARTL G e e ST SonBBRERY! 1P 7
power syt £Mild poweRsystgn ishreadng tifenldtof itdsieéful lifet fe; transmtting

information that the fluid power cog_m)nent is nearing the end of its useful
life togethertrasprttinginierpatien that e dhnid pewerramponcatis neagthe fad phspondi ng

life toget hertrais PR hay e g pavs B P2 Pesponding
1 ura polies ol 8 RRePgy R R dbafendfnd b alOHERAREELEE 22, (e nt ol mi ng

is carried outespondirg toGafddliotation; aiid sai d fl ui d power systemdue to failure
of said fluid power. conponent. 7 1. The method of ¢l aim69 where said
transmtting PARIAHSE stddhudPPYVERYYSIcHt BY FRRacHe ftarfbﬁu HROWET GPRPRRT T
conmponent has failed and said maintaining conprises replacing said fluid
pover coiponeqy }n%throgt lfrc%}lrﬁ%9q’vlurgih§a %Btaﬁ%{ﬁé BB ed Rt o qper at on. 72
The net hod of "clTarm é), erein sail ransm ng conpri ses conmuni cating
t he i nf ofsifaid cisai@Ahil poaket ORtdnddae fd faildrepdsrid Modpowendonspamehi.er . 73. The
met hod of claim 72, wherein said responding and said maintaining are
carried out b¥ said fluid power conponent supplier. 74. The nethod of claim
72, wher él-n siheimedwdoi¢laig Brvherasad fnsmuiing mgludss tapymiiingout by a repair
service RIOVI i .q T i . o I.Led by

et d 1 ufioisiEh e SR PR BBt has hiteP AUFLIERARRNRE SHRRILEC O
sai d fl uiepldenvshidshst powedogapaitnt treturh bald dlupdpeweryystem té@ormhhe net hod of

claim69, wherein said fluid power systeminfornmation
operation.

72.  The method of claim 69, wherein said transmitting comprises communicating

the information and location to a fluid power component supplier.

73.  The method of claim 72, wherein said responding and said maintaining are

carried out by said fluid power component supplier.

74.  The method of claim 72, wherein said responding and said maintaining is
carried out by a repair service provider, using a replacement fluid power component

supplied by said fluid power component supplier.

75.  The method of claim 69, wherein said fluid power system component is a fluid
power hose.
76.  The method of claim 69, wherein said fluid power system information

comprises fluid power system specifications.

77.  The method of claim 69 wherein said fluid power system component is a fluid

power hose and said predictive algorithm is a cumulative hose damage algorithm.
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conprises fluid power system specifications. 77. The nmethod of claim69
wherein said fluid power system conponent is a fluid power hose and said
predi cti weoabpgarei2zbm i s a cunul ati ve hose danage al gori Pomus8o0shs2net hod
of claim77 wherein said algorithmenploys inputs froma plurality of
pressure and tenperature sensors, each of said sensors disposed in a

di f f er en?8.ar eBheomethad @f £laim d7 pdieesin sgidtalgarittnn enmpeysiapHo fostacl ai m 78
wher ei n sai ' t_one Iy : ch,_hose. 80. The
met hod of urca?léyla %ﬂ%és&ﬁ;@n gr{g §§r§3§%/5%n§§%r %acﬂ grf\é%géﬁl?%?g%%gé%sgg?rp feast one of a
bur st pr gisRtenearesbf §didflulibsBveranstoper ati ng pressure and cycle life at that
pressure for that hose, a normal operating tenperature for that hose, and
an alarmtenperature for that hose. 8 1. The nethod of claim 78, wherein
sai d al g&ti t hFhemethod of elsird J8wderein saidalgrasbmemplexs 2 jeaskerte vasabler ed
pressure ea@, based at least in part on the relative |level of the pressure
peak, an Fﬁleéﬁperature of fluid in the hose. 82. The nethod of claim78,
wherein said algorithmvaries according to information identifying a hose

bei ng mogy t oregk mBod bR laliR t70eheplin Ghidi vEHERIe NQICRhBsSRIafIdatfdpedhi Oon
identifying a hose being nonitored includes said hose's location in said
flui d pobwsst myssteerfor that hose, an operating pressure and cycle life at that pressure for

that hose, a normal operating temperature for that hose, and an alarm temperature for

that hose.

81.  The method of claim 78, wherein said 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.

82.  The method of claim 78, wherein said algorithm varies according to

information identifying a hose being monitored.

83.  The method of claim 82, wherein said information identifying a hose being

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