WO 2010/004418PCT11B20091006209 HOSE WITH FAULT DETECTION CAPABILITY
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application claims the benefit of
U.S. Provisional Application 61/079,245, filed July 9, 2008, and which is hereby incorporated by
reference in #&eAtEY+PECHNICAL FIELD [0002]The present invention RERIBR/&¢768e with fault
detection capability. BACKGROUND [0003]High pressure reinforced hydraulic hose is typically used

on a variety of fluid power opegrget/TIaCRKIEE IVENESTeORhmPXRY MTachines, to provide a flexible
connection between several moving parrs of a hydraulic circuit employed on or within the machine.

Such hoses may include a hollow polymeric inner tube on which successive cylindrical layers of
reinforcindRMSESRBFERIENGE WirRk BEEKEle AATRLEI6AGEONSally applied to contain the radial and axial

pressureggigyeloped wihin, e, iner b’ Many applisalions requiis Noss canstryctians with both
high burst stréength and long term fatigue resistance. Using conventional technology, thé burst strength
of a hosdidédign Majlie imdrehsadibyeacyingranditicdyerftorohegmiateniideand/or layers, a practice
which is generally discouraged because of its negative impact on the flexibility of the hose, or by
universally increasing the tensile strength of each layer of reinforcement material, which may come at

the expehBEBNHo8E FAHGLE resistance. To determine the robustness of a hose design, a hose
manufacipigsjty Pl REHRI AR R.AI06 46313 A MR IRg JaRTANM A st test on the hose. An

impulse test measures a hose design's resistance to fatigue failure by cyclically subjecting the hose to
hydraulic pressure. A burst test, on the other hand, is a destructive hydraulic test employed to

determireAtg giigwatestrength of a hose by uniformly increasing internal pressure until failure. Based
on thesmmhtyests, a manu,fa?cturer can estimate a haose life that can be used to determine when

a hose hch el SR &SR TEMRE AR AV He Gaiets Spninaliy bsed on a variety of fluid power

operated machines, such as earth-moving machines, to provide a flexible connection between
several moving parts of a hydraulic circuit employed on or within théA machine. Such hoses
may inc;ude a hollow polymeric inner tube on which successive cylindrical layers of
reinforcing material, such as wire or textile, are concentrically applied to contain'the radial and
axial pressures developed within the inner tube: Many applications require hose constructions
with both high burst strength and long term fatigue resistance. Using conventional technology,
the burst strength of a hose design may be increased by adding additional reinforcing material
and/or layers, a practice which is generally discouraged because of its negative impact on the
flexibility of the hose, or by universally increasing the tensile strength of each layer of
reinforcement material, which may come at the expense of hose fatigue resistance. To
determine the robustness of a hose design, a hose manufacturer typically performs, among
other tests, an impulse test and a burst test on the hose. An impulse test measures a hose
design's resistance to fatigue failure by cyclically subjecting the hose to hydraulic pressure. A
burst test, on the other hand, is a destructive hydraulic test employed to determine the ultimate
strength of a bose by uniformly increasing internal pressure until failore. Based on these and
other tests, a manufacturer can estimate a hose life that can be used to determine when a hose

has reached the end of its life and may require replacing.



SUMMARY OF THE INVENTION 10004]According to an aspect of the present invention, there is
provided a hose fault detection system comprising: a hose including a first conductive layer, a second
conductive layer and an intermediate layer disposed between the first and second conductive layers;
wherein thEMYMRAAVE dHEENMEATIEBhductive characteristic; a fault detector electrically connected

to at leasjjpq of the firgtandiseGond PGV YRS ANG canfigured ordsteating amnglectrical
change based on the electrically conductive characteristic to signify a potential impending failure of the

hose; a sEeletigledifpaliFsnreBeHYEhe e indotiachive thyepdusiippltastectisat€onnected to
the first conduelivg layes whereln thedaullidetagier igglerticalbheannertediia thesackeifnd the

nipple; and a collar disposed between the socket and the nipple, wherein the collar is configured to

electricalKPRfEYS tesscREieh e lAispieh1vo0s] fossraiocondertiva AharetseBe089/006209

[0007]The,ghaygdaatuss adiRdvantages andothat isatwesang-adyaatages olthrpgsent invention
are readily apparent from the following detailed description of the best modes for carrying out the

invention!Wifsh takevIRzBHRACHIN Jigring st dikistifrhgeragingased on the clectrically

conductive characteristic to signify a potential impending failure of the hose; a socket
electrically connected to the second conductive layer; a nipple electrically connected to
the first conductive layer; wherein the fault detector is electrically connected to the socket
and the nipple; and a collar disposed between the socket and the nipple, wherein the
collar is configured to electrically insulate the socket from the nipple.

[6005]

[0006]



BRIEF DESCRIPTION OF THE DRAWINGS [0008]Referring now to the figures, which are exemplary
embodiments and wherein like elements are numbered alike: [0009]Fig. 1 is a partial cross-sectional
view of an exemplary hose employing a fault detection system; [0010]Fig. 2 is a perspective view,
partially cut 303¢19dtrifting the exemplary hose employing a braided ref§f6 @A er; [0011]Fig.
3 is a perspective view, partially cut away, illustrating the exemplary hose employing a spiral wire

reinforcqouent layers{Q8d2dHigndds a0 expleded srasshsectionak ievaof theLyemplanchase illustrating
a fault invention are readily apparent from the following detailed description of the best modes for

carrying out the invention when taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0608]  Referring now to the figures, which are exemplary embodiments and wherein like
elements are numbered alike:

[0609]  Fig. 1 is a partial cross-sectional view of an exemplary hose employing a fault
detection system;

[6610] Fig. 2 1s a perspective view, partially cut away, illustrating the exemplary hose
employing a braided reinforcement layer;

[0011] Fig. 3 1s a perspective view, partially cut away, illustrating the exemplary hose
employing a spiral wire reinforcement layer;

[0012]  Fig. 4 is an exploded cross-sectional view of the exemplary hose illustrating a fault
occurring within an intermediate layer of the hose;

[0013]  Fig. S is an exploded partial cross-sectional view of a portion of the exemplary hose
illustrating a connection scheme for attaching the reinforcing layers to a socket and a nippie;
[6014] Fig. 6 is an exploded partial cross-sectional view of the exemplary hose illustrating
a connection scheme for connecting a fault detector to the reinforcing layers;

(0015} Fig. 7 is a partial cross-sectional view of the exemplary hose of Fig. 1 employing a
modified socket and nipple; .

[6016]  Fig. 8 is a partial cross-sectional view of another exemplary hose of Fig. 1
employing a modified socket and nipple;

[0617] Fig. 9 is a partial cross-sectional view of yet aﬁother exemplary hose of Fig. 1
employing a modified socket and nipple; and

{6018]  Fig. 10 is a partial cross-sectional view of the socket of the hose fitting of Fig §.



occurring within an intermediate layer of the hose; [0013]Fig. 5 is an exploded partial cross-sectional
view of a portion of the exemplary hose illustrating a connection scheme for attaching the reinforcing
layers to a socket and a nipple; [0014]Fig. 6 is an exploded partial cross-sectional view of the
exemplary ho$e2iS&tIRg a connection scheme for connecting a fault dé¥eEIF2%HE¥inforcing
layers; [0015]Fig. 7 is a partial cross-sectional view of the exemplary hose of Fig. 1 employing a
modifiedlmpkﬂanmmmm]ﬁg. 8 is a partial cross-sectional view of another exemplary hose of

Fig. | empigyo 2o 2}5@3@%%{&%”&2!@&'% OIS, 215 AR IosSi s innalview of ve
approaches to the disclosed systems and methods are shown in detail.  Although the drawings
represent some possible approaches, the drawings are not necessarily to scale and certain
features may be exaggerated, removed, or partially sectioned to better illustrate and explain the
disclosed device. Further, the descriptions set forth herein are not intended to be exhaustive or
otherwise limit or restrict the claims to the precise forms and configurations shown in the
drawings and disclosed in the following detailed description.

10020} Referring to Fig 1, an exemplary hose fault detection system 10 is shown to include
a hose assembly 12 and a fault detector 14 electrically connected to the hose assembly 12. The
hose assembly 12 includes 2 generally flexible hose 16 having a multi-layver construction 18.
The hose structure may include an inner tube 20 made from a polymeric material, such as
rubber or plastic, or another material depending on the requirements of the particular
application. A first conductive layer 22 having at least one electrically conductive
characteristic overlays the inner tube 20 and an intermediate layer 24 overlays the first
conductive layer 22. A second conductive layer 26 having at least one electrically conductive |
cparacteristic overiays the intermediate layer 24. The first and second conductive layers 22,
26 may be configured as a reinforcing layer. An outer cover 28 may overlay the second
conductive layer 26, and may include, for example, an extruded layer (not shown) of rubber or
plastic. The outer cover 28 may itself include a reinforcing layer (not shown).

{0021]  The intermediate layer 24 operates to at least partially insulate electrically the first
and second conductive layers 22, 26 from one another. The intermediate layer 24 may have
any of a variety of constructions. For example, the intermediate layer 24 may include a single
layer of an electricaily resistive material. The intermediate layer 24 may-also include multiple
layers, wherein at least one of the layers exhibits electrical insulating properties. Certain
composite materials may also be employed in the intermediate layer 24, such as a woven fabric
bonded to a polymeric material. Composite materials having various other constructions maj
also be utilized. Composite materials may also be used in combination with other materials to

form the intermediate layer 24.



employing a modified socket and nipple; and [0018]Fig. 10 is a partial cross-sectional view of the
socket of the hose fitting of Fig 9. WO 2010/004418PCT/IB2009/006209 DETAILED DESCRIPTION
[0019]Referring now to the discussion that follows and also to the drawings, illustrative approaches to

the disclosed"&y3tEH1&*4Hd methods are shown in detail. Although the dralViRGEFEHAEEH: some

possible approaches, the drawings are not necessarily to scale and certain features may be

exaggergighjremovedcpdnarialy seotionedda-patiesiitiate-ane explaindhepdisalesad:device.

Further, the descriptions set forth herein are not intended to be exhaustive or otherwise limit or restrict

the claintd $BiE PIEHEdhoRTS A EBISHESRRABIY SotiRevhse BearoRC i distidsdd fihe
followinghgetriled de serplieRmiQ0 2ZAkReferdngdmitats iy axempianidosedailivdeiaetignrsystem 10 is

shown to include a hose assembly 12 and a fault detector 14 electrically connected to the hose

assemblyaEh b qisuaterennn g 1b8e AR MEAR RSABRE I A6 AR & HFAN 985 er

construciiofiel&nliheiho s6 s uoture fRaydoeide At paiistber 26: Made &ramyeh Ralyaeric material,
such as rubber or@&%stic, or another material depending on the requirements of the particular

applicat®T AN RS RORRRG R BTGy RIes iy T RS RS aRRS elRT inteamr LB iidaven &* cRaYairistic
overlaysstheniimerdalas Zoaml andisie svadiiedgvarodheveiians hedinshsondystive layer 22. A

second conductive layer 26 having at least one electrically conductive characteristic overlays the

interme FiRAGYEYET B4 e st HHOPAEEHBLCOMGIRAVR Fyet &85 DRty TsE coibpdtedass a

reinforcing dayeoABratiRtEe¥erdRthaYapmertay e sacand semaictive layer 26, and may include, for
example, an extruded layer (not shown) of rubber or plastic. The outer cover 28 itself include a

reinforci%j@}er (RELHER A 0D 5195 e APl iR F&géeﬁ‘%gﬁgﬁi@g\fﬁ lﬁi’?é%é?'a (A insulate

electricafhy i figst example, an electrically conductive braided reinforcement material 30, such as
shown in Fig. 2, or alternating layers of electrically conductive spiral reinforcement material
32, such as shown in Fig. 3. The braided reinforcement material 30 may include a single layer
or may include multiple layers. Although a two-wire spiral reinforcement arrangement is
depicted in Fig. 3, it shall also be appreciated that other configurations, such as four and six
wire arrangerﬁents, may also be utilized.
10024] The conductive layers 22, 26 may each have the same configuration, or each layer
22, 26 may be configured differently. For example, the first and second conductive layers 22,
26 may each include the braided material shown in Fig. 2, or one layer may include the
braided reinforcement material 30 and the second conductive layer 26 may include the spiral
reinforcement material 32 shown io Fig. 3. Additiopally, the first and second conductive
layers 22, 26 may include a single ply or multiple plies of reinforcement material 22, 26. The
first and second conductive layers 22, 26 may include metal wire, natural or synthetic fibers
and textiles, and other reinforcement materials, provided the selected material is electrically
conductive. The use of the terms "first” and "second” used to describe the conductive layers
22, 26 is not intended to limit or otherwise dictate the position or placement of the conductive
layers 22, 26 within the hose assembly 12,
[06025] The hose assembly 12 may include a nipplé 36 that engages the inside of the hose
16 and a socket 40 that engages an outer surface 41 of the hose 16. The nipple 36 may include

an elongated cylindrical end portion 42 that engages an inner surface 43 of the hose 16. It



and second conductive layers 22, 26 from one another. The intermediate layer 24 may have any of a
variety of constructions. For example, the intermediate layer 24 may include a single layer of an
electrically resistive material. The intermediate layer 24 may also include multiple layers, wherein at
least one of B MEP&HEhibits electrical insulating properties. Certain coffpb Rt aeHAIs may also
be employed in the intermediate layer 24, such as a woven fabric bonded to a polymeric material

CompositRdRaiRT RS- B0 NANR s ARBS GARSIUGIISIINEY @l$qResutlizedn HanPO siie: fagterials
may also be used in combination with other materials to form the intermediate layer 24. WO

2010/00%4 18R 71185085 /I082 G910 52 HA @ TR deesivé I <idindricely shanah s eeriP i entire

length a@fi@@%bﬁamr}%? cHeapniarenss ehile hsedondRisds grrarlbythe sassiyhensthe
conductive layer 22, 26 also functions as a reinforcement Iger. The intermediate layer 24 may also

extend V&Y Bierentirerieh GFrramiHelRbT SARAUST TR EPAGER!1 6 & shal) RedipRIR ésmRbwever,
where abieash e OIHNBRONEUSTIMEIBUE $he 2y ARRKIERAT QRLY QVEFRHRATUQN PO bR 6 length

and/or a portion of the hose 16 circumference. In those instances, the intermediate layer 24 may also
be confiftifBaYEGEEEIIR Extdha GiEP e FGRH SarEhdecendurtinignebesd kIt tductive layer
22, 26. Thenpatiztiniermediaiedaypedhinay ReLositiareshwithinghie hoasdespasiaseparate the

conductive layers 22, 26 from one another. [OOZEReferring also to Figs. 2 and 3, the first and second

conductiVRFIBYEIS™S 213 Ry i and, ey sockeh Afb thahcarsasiBsboes A8 BEY S 8P AR finforcement
material;gheSUEBASNAWMA (AT IE 1chsOpAteRatine:EYRs $1Rf RleccA Y rRONANE VA SR dhen

reinforcement material 32, such as shown in Fig. 3. The braided reinforcement material 30 may
include Qﬂ%i?@%efa%wéma?ﬂimm%ﬁ?pﬁ@gyé%w?ﬁ&wﬁ B twhhiviaehees Afmarment

arrange mambis-dleRigieddn: g sariishale'sek parprasiated ithat atbenoanfigitrationssrsuch as four
and six wire arrangements, may also be utilized. [0024]The conductive layers 22, 26 may each have

the samBEFRAHERBIRE SPRIGITAYRFDFS 2265 hay be configured differently. For example, the first and
second pRupEyCtiveRIaNeIS:23. 16 May eachinalddsdhe m&gﬁmﬁ;srmwm Figs2uRgione layer
on

may include the braided reinforcement material 30 and the sec conductive layer 26 may include

the spirdP RifBREERTeRAdHRLP D5 i8R ShrutrA YRS hagfdlfonoiy SeREeAR B1Y ¢ Bonductive
layers 22w driayxiBaislie araingigephh PRUHIBIRiIRILS Sk feintricem®N Bratetal2d, ¢hidhe first and

second conductive layers 22, 26 may include metal wire, natural or synthetic fibers and textiles, and

other reffforSHEN rigte RIS G PEVIEPthe Thfce A8 raRare icarseprRadipeohaRiRendthe use of the
terms "figeli’ smebraraqndh spgiiosgesribg therendueliveiryers 22nd8dsokintgogrdde limit or

otherwise dictate the position or placement of the conductive Iaﬁers 22, 26 within the hose assembly

12. [0028Fr iR R deiiedbihs P iDeh by src e eriimis 36 tharaiy 50 tke Hdidd®ef the hose

assembled onto the nipple 36. During the assembly process the deformable end portion 49 of
the socket 40'1s crimped, which deforms the socket 40 and forces the lug 48 into engagement
with the corresponding slot 52 in the nipple 36. The socket 40 can be electrically insulated
from the nipple 36 by positioning an electrically insulating collar 38 between the socket 40 apd
nipple 36 at the point the lug engages the slot.

(00271 Referring to Figs. 1 and 5-9, a nut 54 may be rotatably attached to the pipple 36.
The nut 54 is configured to secure the hose assembly 12 to another component (not shown).
[0028]  Referring to Figs. 1 and 5-7, the first conductive layer 22 may be configured to
extend beyond an end of the inner tube 20 of the hose 16. The first conductive layer 22 may
engage the nipple 36 to create an electrical connection between the nipple 36 and the first
conductive layer 22. Similarly, referring to Figs. 1, 5, and 7, the second conductive layer 26

may be configured to extend beyond an end of the outer cover 28 of the hose 16. The second



16 and a socket 40 that engages an outer surface 41 of the hose 16. The nipple 36 may include an
elongated cylindrical end portion 42 that engages an inner surface 43 of the hose 16. It WO
2010/004418PCT/1B2009/006209 should be appreciated that in the embodiments shown in Figs. | and
5-9, the nipp¥BY EHiafés the inner surface 43 of the inner tube 20 of th& HEEE2AG/HAindrically
shaped end portion 44 of the socket 40 may engage the outer cover 28 of the hose 16. The socket 40

and nipplg-aednayiRe constiycigd foom: an eleaticaly.senduativeimpisiscldieseskat 4 and nipple
36 may be secured to the hose 16 by crimpin%he cylindrically shaped end portion 44 of the socket 40

overlayifgofié $beed e JesendrrApiMENEdE&s @eforms the cylindrically shaped end portion 44 of the
socket 4@0&@6%@%@@3@9 dheibosSeakE Delyveap Hhe sivple SGand Hiemoskehad sddgdortions of

the nipple 36 and the socket 40 that eng{age the hose 16 may also include a series of serrations 46

that at 658dpstitia ity ehiBe dGritgurETiRaRA dBREPh oE drbRes it WRBrCHE SRR SR 698 R Fimped to

help se%@xﬁa@m@%%tﬁﬁg%s‘c&%@ h@yseralions-48 reavebe sonfiaLsask lor prevest she serrations 46
from penetrating the inner tube 20 and outer cover 28 and contacting the conductive layers 22, 26.

[0026]REFEPAAGIBIRIGTE 12%5F 2136 2P - 1S SRAEE 20 B RS HASHIE BB TREY IR HBOLRERR0 one
another g additioni PRiNG seaHeAHO hrdasertin thagatkek40rmayinelUstendiy nwegdly extending

circumferential lug 48 positioned near a deforrnable end 49 of the socket 40, adjacent a hose end 50

of the hdSETahBY ytonstBgdhe bess BETREABIAIRY CHE MR A OF B2 1Rt TR BeRbple 36. The
deformabig-eashBorionsAdafdhe packet 40:-nauing thadkg A& mayomiiatyibe tosmedarrger than the

nipple 36 to enable the socket 40 to be assembled onto the niﬁ)ple 36. During the assembly process

the defofTAREBhFPERETTRIIRHRO SRR 2% T dRtTimd i hierrt afarhibahaséddet 40 and forces the
lug 48 intenstipageme nbwithulh a8 sROAHN A BIahp Mo iRl 36edie sPekehARicrmDe

electrically insulated from the nipple 36 by positioning an electrically insulating collar 38 between the

socket 4B IRERTHY BT SReROTel Poihberauli §LrTanES T DOEIBTIR MG 1PRIFEHEnd 5-9, a nut

54 may brdgtatakly aliasbedtedheNPRQatdhe b e feenfioured tosesiisthehesapssembly
12 to another component (not shown). [002811Referring to F%%:,. 1 and 5-7, the first conductive layer 22

may be SSHRRLFEHRY aREHABESSAY ar el Gt AR AR RS 2%t thihiaBe2as brh B fifeionductive

layer 22 ypay:engeaR ihecnigple3Ripaiaala e aaliicricannastion hetweendhapippie 36 and the
first conductive layer 22. Similarly, referring to Figs. 1, 5, and 7, the second conductive layer 26 , may

be configBfser i aXBlhEBRRAERLT LHR Bt sHRICES Ve rsaplhale TeidriRnalndhe

fault detector 14 may include a reset button 15.
[0031]  Referring to Figs. 1, 7, and &, the fault detector 14 may have any of a variety of
configurations depending on the electrical characteristic being monitored, such as resistance
and capacitance. For example the fault detector 14 may include a sensing device 58 capable of
measuring the desired electrical characteristic. The sensing device 58 may be electrically
connected to the first and second conductive layer 22, 26 by way of first and second lead wire
60, 62 that are electrically connected {o the socket 40 and nipple 36, respectively. The first
and second conductive layers 22, 26 may also be electrically conpected to the nipple 36 and
socket 40, respectively, thus enabling the fault detector 14 to monitor the electrical properties

. of the conductive layers 22, 26. The fault detector 14 may also include a recording device 64
for storing measured electrical propcfty data. A digital processor 66 may also be employed
with the fault detector 14 for performing various calculations and manipulations of the received
electrical property data as may be required based on the electrical property being monitored

and the requirements of the particular application.



WO 2010/004418PCT/1132009/006209 conductive layer 26 may engage the socket 40 to create an
electrical connection between the socket 40 and the second conductive layer 26. [0029]Referring
again to Figs. 1 and 7, to help prevent the portions of the first and second conductive layer 22, 26 that
extend beyoW&® #4088 5 the hose 16 from contacting one another, an eReH B 1A%EEting spacer 56
may be positioned between exposed ends of the first and second conductive layer 22, 26. The spacer

56 may gmntpgrauy&emaa%ﬁ%a@fhﬁiﬁﬁs@ aletsised fuplestisat nswlaterihe seaket 40 from the

nipple 36. The spacer 56 ma&glso be formed by extending the hose intermediate layer 24 beyond an

end of tHEORHEIRERE JocHiRIRICEE 20 &a8s08R W HTIER 28d $HOKh SRS BV By 14 be configured

as a stang-alpNRicRBRCASNInseRAafrenuihescollrt 38 Angibratntermeadiae dawgy ddiof the hose 16.
[00301The hose fault detectiong?/stem 10 may include the fault detector 14 for monitoring the integrity

of the hPSEUIBE Hathip kha dRserd? T nPIIyeccHARGH RN AR & dSTTARKEEH EIEHEF be generated

when a taulids-daleciadithinithr hase A6. haurotifigaliansigaal may include audible and visual
signals, as well as other types of signals. This means that the fault detector 14 may include a visual

fault inditH 14 tRetecsFra PR AaTis S MethandigitdE AhéB R0 s AR MRICRTH 148 that
correspapdsaitheossigionsignalsy 'HQBQPMMH}%M&&%@@J 4 may leslude agesetRuigon 15.

[0031]Reterring to Figs. 1, 7, and 8, the fault detector 14 may have any of a vari%tg/ of configurations

dependifff 8t et fEsPEREPAREABEOLBRTG RICRRGEY S UEHLE P&t dfeel Yance. For
exampleﬁ;ﬁa@etﬁisll& detesiqr ddimaydnglude.a sepsingsleyicedd aapable Qhprasing themglesired
a

electrical characteristic, The sensing device 58 may be electrically connected to the first and second

conductRestalePeprowip wagrsrits fardasedBrdiahatifehsse 69 thaikrwe BeiilafyeBhnected to
the sockgb40ranabsire 38 respectiveiscl i ditst-a0d searnd conductintavers Bdy ghotay also be

electrically connected to the nipfgle 36 and socket 40, respectively, thus enabling the fault detector 14

to monit8P FRPIBRIGE SR FrBSXFIAS s E0SPRIERVEI RS9 2, SPFIPHiE falllif Yetector 14 may also
include qd@ﬁqrdinwt)%yégﬁ@%me q@a@@d&%ﬁwrﬁ@fyﬁh@@aﬂeahm&@@w%g-d&éij%eé BiggRssor 66 may

also be employed with the fault detector 14 for per orminﬁ various calculations and manipulations of

the recefP8 ¢ ERUML PRSI G ab s SondPBE FdarRFe d bt B nEIER AR DrBBEIty being
monitoredard:therraouiismaniscefinepasicularaRplcatipnxample, if the intermediate layer 24

of the hose 16 were to develop a tear 68 or other similar fault that results in the first
conductive layer 22 electrically contacting the second conductive layer 26, such as shown in
Fig. 4, this may in turn cause a corresponding decrease in electrical rcsis;ance between the two
conductive layers 22, 26 that can be detected by the fault detector 14. It may also be possible
that fibers or wires of one of the conductive layers 22, 26 could begin to fray. This may be
characterized by the breakage of individual wires within the respective conductive layer 22, 26
in instances where the conductive layer 22, 26 is constructed from a braided matezial, such as
shown in Fig. 2. One or more of the frayed wires may pierce the intermediate layer 24 and
contact the other conductive layer 22, 26, resulting in a corresponding decrease in electrical
resistance between the two layers, i.e., an “electrical short”. Further, a chaﬁge in the physical
relationship between the two conductive layers 22, 26, such as may occur due to swelling of
the hose that may be caused by fluid entering one or more of the hose layers 20, 22, 24 ,l 26, 28
through an interior fault in the hose 16, may produce a corresponding change in capacitance.

Upon detecting a change in the monitored electrical characteristic, the fault detector 14 can



WO 2010/004418PCT/1132009/006209 [0032]A method for determining the presence of a fault within
the hose 16 may include monitoring an electrical property of at least one of the first and second
conductive layer 22, 26, including but not limited to, electrical resistance and capacitance. An
impending fa¥f} BEEHHAL within the hose 16 may produce a detectable cREAGEIBEnitored
electrical property, which may indicate that a hose failure is about to occur. [0033]There are a wide

variety ofpeGhanisme Riwhisghahesr t&ialenaYifce pfelyReaic Hoseifiay hgsubjected to

cyclic pressure changes that may result in a progressive fatigue induced degeneration of one or more
of the Ia)}érs within the hose 16, which typically precedes a complete failure of the hose. For purposes

of discugsiz; a corgnlpiedRikieehihahasa 16 ResHBIMACHRRAREHNOABYQIPRS hanwall of the hose
16 that allows fluid to escape from the hose 16. The ability to detect degeneration occurring within the

hose 16 HayFotaRRiR dpporimRp 1o dvecthe Hassars i inidabrselpkditeticabmplete failure.
[0034]Pragressivaibogail b aeuanerainmay-iesce ﬁa@%mﬁﬂ@%ﬁ@tﬁﬁx%q@@@ge in the

electrical characteristics of the conductive Iaﬁrs 22, 26 which, when detected, may forewarn of an

impendifg e griteHES €218 AATEHOr HE M eatath SRATE MR R ITHOM AR M) JRCRTHREFRISE 16 were to

develop aipasidthobaihalSpdaicaulidhairaseltsonthadimkepnduetivalavsi 42 slestrically contacting
the second conductive layer 26, such as shown in Fig. 4, this may in turn cause a corresponding

decreasBETR EREHEI TG BHESEHITEA T GO8IEBRUI RPERRISEY 84103 &an be detected by the
fault detgesasdrhillemaiy RishsiRansihie thatiibers mwiieseienerbthp sanductivedayers 22, 26

could begin to fray. This may be characterized by the breakage of individual wires within the respective

conductiVeNyEF SRy thin G ASLeTipietd Ty BEHarTiR dasRinetho Ul e eriitel from a braided

material catabra s SRONWIHE Iisk AvEHIEnRy O R BhiRa Hayast wikas aay Rigtas:He intermediate layer
24 and contact the other conductive layer 22, 26, resulting in a corresponding decrease in electrical

resistanCBBREIT tHeh P8 AR FEFeCHRE & Rred reminer SHASPITHEIS THAY LRI R IRDERS BB Qe

relationshirpete esnwhieHwie ¢anddeiivetayersn2ausbe Swamas Mk 9asdn due to swelling of the hose
that may_be caused by fluid entering one or more of the hose layers 20, 22, 24, 26, 28 through an

interior FAURSh the O TEDAATRVIRE B SUEBHEE SoaMe e e PERsARI iR RIstitletecting a

change istépermnonigier edeckidealcharagienisticifheafaulideiectar dbeainy¥Heke failure
2010/004418PCT/1B2009/006209 cause visual and audio signals to be broadcast signaling the

presenc&@?ﬁ‘%?\:}vm’?iﬁlﬂ‘?‘ét‘l’fﬁgeﬂf'ét.rical property attaining, exceeding or falling below a certain

value. For example, when monitoring electrical resistance, the fault detector 14 may be
configured to issue a warning when the electrical resistance falls below a certain level,

(0037} Referring also to Fig. 6, the first and second lead wires 60, 62 of the fault detector
14 may be connected directly to the corresponding conductive layers 22, 26 rather than the
socket 40 and nipple 36. The first and second lead wires 60, 62 of the fault detector 14 can be
routed through a respective hole 70 in the socket 40 and electrically attached to the |
corresponding conductive layers 22, 26, such as by soldering and the like. To prevent the
exposed ends of the conductive layers 22, ‘26 from contacting one another, the hose
intermediate layer 24 may be extended beyond the end of the hose inner tube 20 and the hose
outer cover 28. The first lead wire 60 may be attached to the first conductive layer 22 by
being routed through a hole 70 in the intermediate layer 24 or around an end of the
intermediate layer 24. Each lead wire 60, 62 may be routed through its own individual hole 70
in the socket 40, as illustrated in Fig. 6, or the lead wires 60, 62 may be routed through a

~common hole 70. Because the first and second lead wires 60, 62 are connected directly to the



[0035]Various methods may be used to determine the presence of a fault within the hose 16. For
example, a newly constructed hose 16 may have an initial baseline electrical characteristic. This
baseline electrical characteristic may be preprogrammed into the fault detector 14, or the fault detector
14 may be coiffigupdd4derform an initial measurement to establish the Ba3dragiElsetital
characteristic. Once the baseline electrical characteristic has been established, the fault detector 14

may CO”FQ&H&&'?J%! APRledIGHllY SoR6.avE %%ﬁdﬁﬁﬁﬁliﬂeﬂﬁ%@%@%ﬂf%@&% Witk thenelgetrical

characteristic being monitored, A return signal received by the fault detector 14 may be used to

determiri®tae Hifrans ersctosed bisarataheteskst tRepbie HpRth IhalnkelCHrpRed BaRiflt the
baseline glectrisal fharactgrsterShanNEes Bxcaesing« predetermined magnitude may indicate an

impendiggqhose 6 failure for which the fault detector 14 can cause of warning to be issued.

[0036]R&MEBkhanWshisariaecte Eigrehtheredstibomae beicanpevperey dmriadseaBliréddfdperty, the
fault detetar. 14rfaay alsoe lgued iR isene-an EPRRNCINg hoge, fallie watkind:Lapn the

monitored electrical property attaining, exceeding or falling below a certain value. For example, when

monitoriferEfeAiskavadistifde, e fogkcl dtbasaerallydass oo Rl PsyoRs a8 sadPh B EWhen the
electriC%&@&isz@.n%f@%f@&m@&%tﬂee@%'tﬂQQéE&E%%f@érﬂ R139 19sFi0r B the Wstfpghgecond lead

wires 60, 62 of the fault detector 14 may be connected direct %g?’ the corresponding conductive layers
22, 26 rabsdewiiriasosdderdy iaprORifA do3Be THE RIS CrRISEEDIsdAERTE Wird8 GOdeDPagfalEe fault

detector J4yaa9 hrsauidiibionoh Lespentiveole 70 ibtha secket A ARdIRIREIEGR]yattached to the

corresponding conductive ‘Iggers 22, 26, such as by soldering and the like. To prevent the exposed
ends of HENBRH ERATAPYSDD SO Ft I isHEEER o hESEHSther, the hose intermediate layer 24 may

be extendggopeyonethegngd pighg aseinperdubs, 20 anskied0se aten kYRR Therfrst lead wire

. 60 may be attached to the first conductive layer 22 b being routed through a hole 70 in the
intermedR§BR5Y 40 2440Barbiin P eirs ot tenhermedite s estrigally saga8ediifE %0, 62 may be

routed thigiiginiits ouve melividual bels do-indbrsackedbdQiasliksirateshin HYs&oah the lead wires 60,
62 may be routed through a common hole 70. Because the first and second lead wires 60, 62 are

connecté8MHERYS ey ¢héb wihohasgossmisp Erary 6550 1068209 Payiedfvbafimizases decond
conductiyg;layerenéao<d1 4t Ma¥ BB ReSH BB QR AV WIB e Sallar 38 hat [3pRsiuoned between

the socket 40 and the nipple 36 since it is not necessary to electrically insulate the socket 40 from the
nipple 36 EBESsw imneefebs FéeolotdoTe e socket 40 may be configured as a cylindrically shaped

[6040}]  With continued reference to Fig. 8, a socket portion may include the first socket
member 40A that mechanically and electrically engages the first conductive layer 22. The first
socket member 40A may be constructed from an electrically conductive material. The first
socket member 40A and the nipple 36 may be secured to the hose 16 by crimping the
deformable end portion 49 of the first socket member 40A overlaying the first conductive layer
22 of the hose 16. The crimping process deforms the deformable end portion 49 of the first
socket member 40A, thereby compressing the inner tube 20 and the first conductive layer 22 of
the hose 16 between the nipple 36 and the first socket member 40A. The portions of the nipple
36 and the first socket member 40A that engage the hose 16 may include a series of serrations
46 that at least partially embed into the relatively softer hose material when the. first socket
member 40A is crimped to help secure the fitting 34 to the hose 16. The first socket member -
40A is not electrically coupled to the second conductive layer 26. The first lead wire 60 of the

fault detector 14 may be electrically connected to the first socket member 40A.
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sleeve. The socket 40 engages the outer cover 28 of the hose 16 in a similar manner as the socket 40
shown in Fig 1. The socket 40 generally does not extend beyond an end of the outer cover 28. This
may enable easy access to the conductive layers 22, 26 to facilitate connecting the fault detector 14
lead wires 68 &P ¥spective conductive layers 22, 26, and may alst i3k} Pe#iRg of the lead
wires 60, 62. The socket 40 may be secured to the hose 16 by crimping the portion of the socket 40

overlayingyiig hoge:46rI03AREIGING 10,E i6rBs hE-SREIHA ATNAY RGeS A% alrst and a

second socket member 40A; 40B. One of the socket members 40A, 40B electrically engages the first

conductRFENERFeIO G ARPHRY dRrrSAEIEde triamtreprd o BRsaIlP e rddEs PRE S dBFEBEBNductive

layer 26@%@9%&&&&%@&%&%&@1%@9%&{3@@4@ 138 &@agc%ﬁ%g@%émﬁeﬁi%reﬁmg hose 16.
The nipple 36 may include an elongated c% indrical end portion 42 that engages the inner tube 20 of

the hos&€A6POBADIA A 18 AHpLROEkE 19 Figdimcans skkerp oftibh 1Aty inBRIE fife first socket
membefeﬂ%%é@@%@%@Jﬁ%ﬂ&%ﬁé‘%%ﬁn@j&%ﬁ%i&%&%ﬂﬁé&%tﬂésﬁiﬁﬁfédfr&“‘l%adé%r%?ab@&é"ﬁ socket
m

member 4 ay be constructed from an electrically conductive material. The first socket member

40A ancPiERFIet3BeAAS: BRESECDFEDE 1H4 RodsBOYEHhPIRY thdodiibrametddd Portion 49 of
the first gpeket mppbes 49&981%r!ﬁé/*@&ﬂé&i@@%%ﬁ@,tmet@y@ags%rﬁéz@aeoﬁmelép;ﬁ%%@rimping

process deforms the deformable end gortion 49 of the first socket member 40A, thereby compressing

the inne PRIERS 30¢ Astr i iPspecsh dhiciviompble 2ahpeHrR 3ot 6hp dHibear ¥R bR 48%aiid the first
socket nagmbel, 490crT R RprtigRsRf thRINiPRIG 36 2t theufistsoaketmesnber 4QAthatgngage the

hose 16 may include a series of serrations 46 that at least partially embed into the relatively softer
hose matéfidbirereaneniiagsieket RERBRPIDA0s crimped to help secure the fining 34 to the hose 16.

The firstigogket mAMbeS: 404 s:RolAIGUiRR:CoURRIL R 1 Pesensl eOROMtN IRy 8128, The first

lead wire 60 of the fault detector 14 may be electrically connected to the first socket member 40A. WO

2010/00B5PERCHA BDGO SO 620 F00% IPREESHIRY U GaHP IR Hoyths Sasetr §PREMEBENERIFEr 40A and
the nipple 3R MAY. e SRSUIRAS AN8AAQIRedNALIigNIRRING SEuERA indlsIRPSs 16. The first

socket member 40A ma% include the inwardly extending circumferential lug 48 positioned near the

deformabFE&RR e M8 rF 1 9 lGhendr sl sp S RSB Sy I AbG BjERENGHR SnOPYRHESABEE: The lug 48

engages &k RSRRIAHG AitcHARI ential slof LR 1armadde: theaniprie 3okl defpmahlesgnd portion
49 of the first socket member 40A having the lug 48 may be initially formed larger than the nipple 36 to

enable tABYiPSt B8ekEIHAMDEF ATA KLY Fesenidl arsRrshetisple B emerhgitHE assembly process
the defoppable.enghnestion 4R Rfthe-fifsheoakptneember4aa isLcrinped m@fmmgeiﬁﬁm%ﬁh? first

socket member 40A and forces the lug 48 into engagement with the corresponding slot 52 in the
nipple BB?a[bbﬂ-Z]lt is not necessary that the nipple 36 be electrically insulated from the first socket

[0043] Referring again to Fig. 8, the socket 40 portion may alse include a second socket
member 40B that mechanically and electrically engages the second conductive léyer 26. The
second socket member 40B may be construcied from an electrically conductive material. The
second socket member 40B may be configured as a generally cylindrically shaped sleeve that
engages the second conductive layer 26 of the hose 16 in a similar manner as the first socket
member 40A engages the first conductive layer 22. The second socket member 40B may be
secured to the hose 16 by crimping the portion of the socket 40 overlaying the second
conductive layer 26, thereby trapping a portion of the inner tube 20, the first conductive layer
22, the intermediate layer 24, and the second conductive layer 26 between the second socket
member 40B and the nipple 36. The second socket member 40B is not electrically connected
to the first conductive layer 22. The second lead wire 62 of the fault detector 14 may be

electrically connected to the second socket member 40B.
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member 40A since the nipple 36 is not electrically coupled to the second conductive layer 26 of the
hose. It may, however, be desirable in certain instances to position the collar 38 between the lug 48 of
the first socket member 40A and the nipple 36 for a various reasons, such as to facilitate attachment of
the first sockEARBEAHOA to the nipple 36. The collar 38 may be madeRtdiiBafpB¢@Wariety of
materials depending on the requirements of the particular application. It is not required that the collar

38 be elqgyiapl eylping. AR ek b6, (IDARS(5HINGLR9RIN iy e sagkeldO portion

may also include a second socket member 40B that mechanically and electrically engages the second
conductif8smyenss. berswideshigdoelesnerdiviserisashensd pestomtuchseeirom imnesidiametsny

conductiyednatetiak e secastsaekal aember 0B maybe aanfigusedasagengray eylindrically

shaped sleeve that engages the second conductive layer 26 of the hose 16 in a similar manner as the

first socKBPFhEMPRI AON @ ALBIFHATHE TFsteRsABURIRIdeRyEr R Withéngbe drek Sdtkethmetitiber 408 may
be securggha the Rsq d By aRiRg he RainRLFhesackel40axsriayipa ie;zegond conductive

layer 26, thereby trapping a portion of the inner tube 20, the first conductive layer 22, the intermediate

layer 24 CamgTHe SetIRe CoMarRRlEddpdhoBasedfcirrHbesisbatidosisimpestehaoipaid the nipple
36. The sgcang é%hstem%g?&%%ﬂé aekelaptically conareieg: iR ing Wak Gonduclive layer 22. The

second lead wire 62 of the fault detector 14 may be €électrically connected to the second socket
member @852 \RrsTo6h Gilisees 1egior B Ry deicosems o aawmma dirsreise o Wiean Band 10, the

inner poieRepfts eckel 49 thatRedrass hedeasMhrnawhepraidestyitha genetelly conical

shaped region 72, wherein an innerdiameter D of the socke! 40 tapers progressively inward starting

from the®@RHGf thBsBeket Ay i irctedse Lratepibr aes el islersne Spapieamiatsheoccurring within
the hosesdékat sbapoinsuhensiiia hose dapxisiherseekelidGndhe-tanes A allaws foma gradual

increase in the compressive forces being applied to the hose 16 when the socket 40 is crimped on the
nipple 36SHBP ExatsiourdRsdAPAr JrHeseEmer'a0iiTaeignLo éan Bevpreviukay evidneraleni@eally conical

taper 74seinasIaaDNR MaYhavea orReIalY eonsant diRMEIes DhoMhandhe sagkgt40 is

attached to the hose 16 and crimped to the nipple 36, the compressive forces applied to the hose 16

will incre®ER rald agHsT srhe impgronba durabiiiy Rowethesend st BrResotrétirocapisandaprg inward. The
ComIOre%%igﬁ%ﬂofﬁﬁy\fﬂéﬂ%ﬁ%ﬁﬁ%mﬁslm?ﬁm%g’%?ié‘xﬁ%géo%aﬁué@’iﬂa?égsm‘ﬁ tapes ér Qigxample, it

regions A and B were to have genera Ig}the same diameter D, the stresses within t ose 16 may
increase/tRtSHREEE quidrosniSrPinthgrFrektiidladversely impact the durability of the hose. The taper

74 of thagical SYRPKARGIAT AN RUIDIRAS IS DY OWDG L AIGfS Sigglyal increase i

the compression forces exerted on the hose 16 by the socket 40. [0045]The arrangements described

above af@RHEIEN MIstra Al bk APt basBroassnagueatiohhafataitectipprasicme st the
arrangement:ohibedatiuiaisriomauata it aspalas hricenliovetionfibe ndyidual

components, includin but not limited to the hydraulic hose 16 and fittings, can have different

configurBHiBre NSt aend kg e srae s diEBrirendianrierevid T deprsringl frnghethe above
exampleg el @R aﬁx@mm@%}&&,SQ@JLQ@L!H@%@%%%H&EJF%Q@J 8inOeRGLbEdRyice may be
|

employed with any hose configured for transporting a fluid or gas. [00461With regard to the processes,
systems! fribfiatidcatedasised sy Hsrbpscin dpwiibetsisvice may be employed with any hose

configured for transporting a fluid or gas.

[0046] With regard to the processes, systems, methods, etc. described herein, it should be
understood that, although the steps of such processes, etc. have been described as occurring
according to a certain ordered sequence, such processes could be practiced with the described
steps performed in an order other than the order described herein. It further should be
understood that certain steps could be performed simultaneously, that other steps could be

added, or that certain steps described herein could be omitted. In other words, the descriptions
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understood that, although the steps of such processes, etc. have been described as occurring
according to a certain ordered sequence, such processes could be practiced with the described steps
performed in an order other than the order described herein. It further should be understood that
certain step3ébefiEPiprformed simultaneously, that other steps could & RdBEHEY8PGMt certain steps
described herein could be omitted. In other words, the descriptions WO

20101004448RLSTAB20091005209i0f PICGESSESAEsiM ke AEQY e fPrche auReygf ustating

certain features, and should in no way be construed so as to limit the scope of the claims. [0047]lt is to
be unde®totRY tPateRErEpbYe AdSAHPYGREISCHRe R S 8485l lustrative and not restrictive. Many

arrangemgias andrapplications QIb&! mandhersxe BRGHRAMRVIIeEWRHIGRE aRRA®RAEWgse of skill in
the art upon readlnigthe above description. The scope of the disclosed system and processes should

be deterFiRYEeLfiot WARY refeRasESHE a8 AP dRscoBab HaB e Brampliviseeaiidsd deihmed with
referencgio.tbg appeadstsclaimsnalongpuithelg lhé%eeeqiegeﬁli&%kﬁntﬁh@s\éﬂy&%ﬁlﬂeh claims are

entitled. It I1s anticipated and intended that future developments will occur in the arts discussed herein,

and that4H&10s8e|5easirdarps RS phetole dalrBRINsEoRsh Aidd SRBTACR fIfLFRO¥Mbodiments. In
sum, it shauichpeundetsiandiiRabihe: hergindisclossd-sysiam BnLRINERSse s 1Fa Canatye of

modification and variation and are limited only by the following claims. CLAIMS What is claimed is:
1. A hos& ¥AURGBY stioRt S SBHYEerHpiasigeh such claims are entitled. It is anticipated and

intended that future developments will occur in the arts discussed berein, and that the disclosed
systems and methods will be incorporated into such future embodiments. In sum, it should be
understood that the herein disclosed system and processes are capable of modification and

variation and are limited only by the following claims.
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a hose including a first conductive layer, a second conductive layer and an intermediate layer disposed
between the first and second conductive layers; wherein the layers have an electrically conductive
characteristic; a fault detector electrically connected to at least one of the first and second conductive
layers and configured for detecting an electrical change based on the electrically conductive
characteristit. 2d&ifynify a potential impending failure of the hose; a socket electrically connected to the
second conductive layer; a nipple electrically connected to the first conductive layer; wherein the fault
detector is electrically connected to the socket and the nipple; and a collar disposed between
the socket @idhithechipple, iwherein the collar is configured to electrically insulate the socket from the
nipple. 2. The1 hose 1( on stem of clalm 1, wherein at least one of the first and second
conductive layers mclud %%?mcea y R LT ?1%8? i

a hose including a first ccmducnve layer, a second conductive layer and an

intermediate layer disposed between the first and second conductive layers;

wherein the layers have an electrically conductive characteristic;

a fault detector electrically connected to at least one of the first and second
conductive layers and configured for detecting an electrical change based on the
electrically conductive characteristic to signify a potential impending failure of the hose;

a socket electrically connected to the second conductive layer;

a nipple electrically connected to the first conductive layer;

wherein the fault detector is electrically connected to the socket and the
nipple; and

a collar disposed between the socket and the nipple, wherein the collar is

configured to electrically insulate the socket from the nipple.

2. The hose fault detection system of claim 1, wherein at least one of the first

and second conductive layers includes an electrically conductive material.

3. The hose fault detection system of claim | or 2, wherein the intermediate
layer is configured to electrically insulate the first conductive layer from the second

conductive layer.
4, The hose fault detection system of any one of claims 1 to 3,

wherein the socket is electrically connected to at least one of the first and second

conductive layers, and wherein the fault detector is electrically connected to the socket.
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3. The hose fault detection system of claim 1 or 2, wherein the intermediate layer is configured to
electrically insulate the first conductive layer from the second conductive layer. 4. The hose fault
detection system of any one of claims 1 to 3, wherein the socket is electrically connected to at least
one of the first and second conductive layers, and wherein the fault detector is electrically connected
to the socket. 5. The hose fault detection system of any one, of claims 1 to 4, wherein the nipple

is electrically confected T3 aEASELPUh LI HRIREERLE RS ST TBhETERSE 118 &r & sHEWhErein the fault

detector isglgatricallyeannsetediecibe tipplesst ondoflihe hinsadauidateesiansystaayekany one of
claims 1 to 5, further comprising a first lead wjre, electrically interconnecting the fault detector and the

first condulR¢SASTEHLHG U CEHFINES WA IRt ROIRPFHEE oIS SERR the fault detector and the
second conductive layer. 7. The hose fault detection system of any one of claims 1 to 6, wherein
the collar further includes a spacer disggsed between a portion of each of the first and second

conductive layersSwherei S LAHF SO SYSHETL 18R Y S el (e hductive layer

from the secensisapdutivadayenre cleBrithigynasedauitceigatiomaysterscelramy enembclaims 1 to 7,
further including an inner cover surroynding the first conductive layer and an Ol.ite cover suyrounding

the second RBIRFIBIRAYEYER] 2 scepnfcad UG AHAF i SGRRasT R TR LATEIRT 48feast one of
the first anghseeesidl condugtive llayers includes an electrically conductive braided reinforcement

material. 10.The hose fault detection system of claim], wherein at least one of the first
7. The hose fault detection system of any one of claims | to 6, wherein the
collar further includes a spacer disposed between a portion of each of the first and second
conductive layers, wherein the spacer is configured to electrically insulate the first

conductive layer from the second conductive layer.

8. The hose fault detection system of any one of claims 1 to 7, further
including an inner cover surrounding the first conductive layer and an outer cover

surrounding the second conductive layer.
9. The hose fault detection system of claim1l, wherein at least one of the first

and second conductive layers includes an electrically conductive braided reinforcement

material.
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and second conductive layers includes an electrically conductive spiral reinforcement material.

10.  The hose fault detection system of claim1, wherein at least one of the first
and second conductive layers includes an electrically conductive spiral reinforcement

material,
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