HOSE W TH FAULT DETECTI ON CAPABI LI TY CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains the benefit of U S. Provisional

Appl i cat iwo 20i/@@7As245, filed July 9, 2008, and whi ch i schhassiy006209
incorporated by reference in its entirety. TECHNI CAL FI ELD [000?] The
resent invention relates to a hose with fault detection capability.
BACKGRQJND [ 0003] Hi g‘hCS%Eé@IH EAMLTPETECHION GrARMBE-IRSse is typically used
on a variety of fluid power operated machi nes, such as earth-noving

machi nes, to provide a flexible connection between several noving parts of
a hydrGROBS8-REFERENCE it} Bed TdiD APPWMGATIONS e nachi ne. Such hoses may

inclu hol | o ol yneric inner tube _on ich successive cylindrjca

| ayer isgﬁlr ei nf ﬁtﬁq ﬂ%’ oRiQn Flajms the, benefis Oﬂ\ﬂ% ]%PV‘I?@)@PIi Bplicgign éb&%@ﬁf‘&i cally
appl i Nk @ - adi I I I wi thin the

T hner ef?‘ﬁ%@?“f%aa?“&&%??%%??%ﬁ‘%‘?@ﬁﬂ%@’ﬁ‘égé’??‘éﬁﬁﬁg‘%ﬁ@“i"% th both high
burst strength and long termfatigue resistance. Using conventional

techn t strength of a hose design nay be increased by addi ng
addi t?ﬁ%ﬁé&ﬁf ng material and/or |ayers, a practice which is

gener gbboz)di SERUFRBSH iRREAYUSRINEs tblaShoREIRE M deFRAGH caﬁbhng flexibility of
the hose, 'or by universally increasing the tensile strength of each | ayer
of reinforcenent material, which may conme at the expense of hose fatigue

resi st W term ne the robustness of a hose design, a hose
nanufé%tgggﬁ‘ cally perforns, anong other tests, an inpulse test and a
bur st ONHidheprBQaee redi¥ot ¥R Wy 8RuLIEBEseTBADHARS 1Bed 18P § VARSH P thid fSI &t ance
to fat[iog?]é fai lél}f%r by cyclicall 3 Slljt;j ecstei ng the§hose to hygﬂryaul e mssure.
A bur stperagsst maahines henchbtas earthamaing machiokss to providea flexiblagbnnecti@sbetespl oyed

to determne the ulti e strength of a hose by uniformy increasing
|t er RaTCTBrBRURE 85Tl § Py diphl ETCULEROKA rRISURAOTRENE o SvGh hages

manuf %@u@gggﬁggomlpm&erg lpge:reﬁup% b8 wh tsu8@e'§’51p§c$iﬁﬁiqlca 2{i5tk GF M ne when a

hose ha 0 e and may requiTe replati ng. SUWARY OF
THE | Neinlfortioly 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 hose by uniformly increasing internal pressure unti] failure. 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.



[ 0004] A hose fault detection systemincludes a hose and a fault detector.
The hose includes at |east one conductive layer with an electrically

conduct i weochawmedieri stic. The fault detector is el ectripcahByogompect ed to
t he conductive layer and is configured for detecting an electrical change
based on the electricallgﬂconductive characteristic to signify a potenti al

i rrpeno{?WIYu@gT&E SN [ 0005] In another enbodi nent, a hose fault
det ectipgysy St LRLIELHAER A3 nARSRAR! ¥ n30GA f Atk hellEbPCIRE nodhe hose
assenbl y I'ncl udes a tirst conductive layer, second conductive [ayer, and an

i nt er necluddseat lleigesne dvatiudtiye dayep 08 ticanbet byt dvddiidtive tchamactedgonThecanduct i ve
| ayers, Each of the first and second conductive |ayers has an el ectrical
char acdeggctatis glectrigally eqnnected faide spndustive Hyeyardiy cpoafigued &urtdetpgtiag an

el ectrjcal ed on the. electrical characteristic..to sjgnify a
pot entd s SBRGE raach BF olGith Fldbte GRBIREREC T Mefink R adledly
condudhipegdih@¥Alge of the@sd1ose. The fault detector includes a sensing
device, a recording device and a digital processor. The sensing device is

in el d800S]cal Icammntharieomodiorenivi 2 hose faulf detedtionrsystsmdociddasantthse Résemblyaget s t o
nmeasur e, t el ectrjcal characteristic..The recordi ng device is confi gured
oo doahl GeBhE® e Rt anBg S i beRdnGts ey Goony caiiuste HEs hor
aspect,nafant; i ] : I i h

e e el A A el Gl b OPIR T OSBRI IR o NEAdh

conduatfiteefitshyed secand ecmtudtivolagers thhy en Eleyteical chaseekgtic. dhe falindepgak@.is Each
of the first and second conductive |ayers has an electrical characteristic.

The sdOREguned fordesecting ap clectricahehange hased wnvipe plegtrisalcdamsrisdmmudeniiea | ayer .
e s SRR ey ' o : _
The 1 auftal FulcPaetahire GF BRTOHE LE o A% Mo Deldedihdhe IR SL R BorE2

on t heTir! fagk deeealbr GldRIdash éstlsl device, & r€idirdivig AePiod @i 4 algitalpobstssld Twd | ure
of at least one of the first and second conductive | ayers of the hose. The
faul t sgesiegdeyicd Wdh glgewical eommBumeptidaw igethedfirkt andtsetandd-oniduative dngratosecond

lead wire. T ing device i fi dto. the el i cal
char ad PSP e BB ALl ThE Ao Btb M GO iSRRI el Feh AdTE Bhe 11 r st
llead whéBuRl R%ciGRthadidigicconnect s the sensing

[0006] In yet another aspect of the invention, a hose fault detection system includes a hose
assembly and a fault detector. The hose assembly includes a first conductive layer, a second
conductive layer, a socket, and a nipple. Each of the first and second conductive layers has an
electrical characteristic. The socket is in electrical communication with the second conductive
layer. The nipple is in electrical communication with the first conductive layer. The fault
detector 1s configured for detecting an electrical change based on the electrical characteristic to
signify a potential impending failure of at least one of the first and second conductive layers of
the hose. The fault detector includes a sensing device, a first lead wire, and a second lead
wire. The sensing device is configured to measure the electrical characteristic between the
ﬁrst\and second conductive layers. The first lead wire electrically interconnects the sensing
device and the socket. The second lead wire electrically interconnects the sensing device and

the nipple.



device and the socket. The second lead wire electrically interconnects the
sensi ng device and the nipple.[0007] The above features and advantages and
ot her feavones/mrdsadvant ages of the present invention acenmsmagdolegorpparent
fromthe follow ng detail ed description of the best nodes for carrying out
t he invention when taken in connection with the accmanyi ng draw ngs.

BRI EF [B#EtR PThorbar fratmrepradndves2pocod]otre featiengndasivantagested the Iggsregga
whi ch ;ar e . . | ent L ke t
I Py A0, R FEOL A P MIEE S oLk S RIP Db oy e

al i ke: 'S a partia ew of "an exenpl ary hose
enpl oyanging duathetineketion tihen takys ireconnb@dhGFitHhg acébmpangingelrspiags.i ve Vi ew,
partially cut away, illustrating the exenplary hose enpl oying a braided

rei nforcenent layer; [0011] Fig. 3 is a perspective view, partially cut
away, illustrating the exenplary hose enploying a spiral wre reinforcenent
| ayer; [0012] Fig. 4 is an expl oded cross-sectional view of the exenplary
hose illustrating a fault occurring within an internedi ate | ayer of the

hose; I0013 Fig. 5 is an expl oded&arti al cross-sectional view of a
porti ESCgﬂéH]QI‘éQF RHEDRAWINGSti ng a connection schene for

attachy t he,rei nf or ci |l ayers to a socket, and i ppl e; 014]..Fig. 6 is
an exgpg@éd ngEFQﬂg I(]:c%gogt-hg eS’n%WC@FEWWpPWee%E%ﬂW&Sﬁh(flug'ggref'r] Wfstrating
a conrghdn®ars abebereiatikeonnecting a fault detector to the reinforcing

| ayers; ({ﬂOOlS  Fig. 7 is a partial cross-sectional view of the exenplary
hose dPOWlg. Tigedps opaninl sraspaedtiond Ve REen axamplaygiase eppBYSlE afaglt 8 i s a
parti . -sectional view of another exenplary hose of Fig. 1 enploying
a nod?ifelte%{(’i&ggcs%e[?’ and nipple; [0017] Fig. 9 is a partial cross-sectional

;ngn f[g%?(gt gl;%( heg aeespRt e it Star@dllyrdud awy SMBLPHIngAndcXmehi il a@ss ocket
employing a braided reinforcement layer;
[0011] Fig. 3 is 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. 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 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; |
[0016] Fig. 8 is a partial cross-sectional view of another exemplary hose of Fig. 1
employing a modified socket and nipple;
[0017] Fig. 9 is a partial cross-sectional view of yet a‘nother exemplary hose of Fig. 1

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.



[0018] Fig. 10 is a partial cross-sectional view of the socket of the hose
fitting of Fig 9 . DETAI LED DESCRI PTI ON [0019] Referring now to the

di scussi ogotbatookak! ows and al so to the draw ngs, il ustppgiMaeaRpioaches
to the disclosed systens and nethods are shown in detail. Al though the

drawi ngs represent sone possi bl e approaches, the draw ngs are not
necesdAFT MLEIY DESAIRIPEAHINcert ai n features may be exaggerated, renpved, or

Pt Sbbiar>eCREANAL: K% BEMSisdukli BERE SIS AR e IS eRChfizEsdevi co

Furth t'he desc i ONS se it eAd

ex haUSdp?ﬁ(ﬁcﬂés tothedivi1sedl s §tetns @hd hReHodk Gfe dhd®nGh ALER. tAEl_tHdil?h PHicedria §n s OF B
and configurations shown in the drawi ngs and disclosed in the followng

det ai |Tepregesy ¢einp ppssible poraaiheRahe drawiggs are Moyneressarilyetoeeple ang chaie f aul t
detection system 10 is shown to.include a hose assenbly 12 and a fault
dot ot 51053 TR GR PRSI e ol BN 48 BaI st i plsda e
assentiieidsed ke dPSrefer R YALriptiond 8! Bt nBRRLart hob AL B Bkl XSS
construction 18. The hose structure may Include an inner tube made from
a pol yodesrivesertahie bi edstrics thehclaissrto bixepreoise fdrastand configuamidni showntie theal

dependj ng. on the requirenments of the particular application. A first
condu ri“(glglglS &y fiselosadaipithiyfollowingdgtailpdedessrgiion; cal |y conduct i ve

h C ot the i : .
ovor | J0TH. ! ReRYESd B3e 11 5o AREDIAL B ARE0eAn SHERTRAG St B BEE L g
at | easliosomsseaib®C1T hmbd Fanlcdenabuet iqvedthicdligClothidctdd © tBY BédeaSentithi® 12. The

internediate |ayer 24. The first and second conductive layers 22, 26 may be
conf i \9seasse@bly Yeinpludescd aeperallyeflexitp hose K havinger medi-taygr eanstrugijont e second

conducg,j ve | ayer 26, and i.nclude,,for exanple, an.extruded |ayer (not
shpvm;:h%?fhoﬁﬁg%%%mrgrm%’l ggltugg?ﬁn THET ﬁ’ﬂ}eezlp rBﬁﬂf_eﬁfO‘?é‘ W?rt‘%@la?e”ia CSPEIIH%S a

rei nf auBbdiGr [pAKAE, dMRAbitshAkial B&%&ilnlgmeché Péq?ir@ﬁ@h@to? tHedyticddy operates to
at least partially insulate electrically the first and second conductive

| ayer sipplcatie6. fA Grst oomduativg hager 2T having atdease dhatlectriagity cadiuotiye have any of a

variety of constructiqns. For e e, . the internedj ate | ayer 24 may
el o araryb e pd e SEeR Shine gl G B4 Riedey Sibe Offe

L RS NPT A BB RLUTE, TR A Bl MBI, Dl oo
cparacteristic overlays 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 electrically 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 may
also be utilized. Composite materials may also be used in combination with other materials to

form the intermediate layer 24..



conposite materials may al so be enployed in the internmedi ate | ayer 24, such
as a woven fabric bonded to a polyneric nmaterial. Conposite materials

havi ng vawpausy/mifier constructi ons may al so be utili zedpcCaBmogice09
materials may al so be used in conmbination with other materials to formthe

internedi ate | ayer 24.[0022] The conductive |ayers 22, 26 generally extend
t he ed0228 | ehig ponsiuctiwplayers B2, Angineellyi axéanditbe erie I@Igthﬁéi &p@géhel@ltqu’m s is

L h h duct I 2, .26 al t
et ot o eimETrcEdy dhe B T G Rekintell? eRERE o Pl s BRh 2508 B
entir guAiog! Bs 2klnohdeeitint RN CErOnidriRdRRSAy &t fﬁ@f»‘m@o BR¥nd8vdrnad é‘ﬁtﬁ@s
however, where at | east oné of the conductive |ayers 22, 26 extends only

over a\eq@dr andeiraimfervachofthe h6sd EngTheramiydse iastpnaes ) oweykr, thieerh osleast Gne

nf In tho i nst ance t he i nternedj at al so be
Cont | G eePGuciREE 72 Sl pbly Ce8 2 BEHaOIghe 5%%&5%%@@"@%ﬁﬁai i ng
the p?bhid%' etgﬁé‘ﬂb'%lt fné"ﬁéuﬁﬁ&rengez  In4Bose i1GamAE [ th@linthiH 'i’a@@ﬁkgfﬁ Inﬁ s024 may

be po ition ose 16 so as to separate t CtIV ayers

22, 2befconfipunae tagaichaly. exiddd23br Mefregion 0@ il IRGe 16 chitgimingzhapartidl the first
and second conductive layers 22, 26 may include, for exanple, an
el ect CPBGHCLIye HyREIAS 26 e The Partialdnicapediafe dees At Tayt e pasiioned wathimthg doshown i n

Flg. 3680 ré E%;f%% Iﬂ%%og@é(c‘?[v% lﬁferseizecz%rf'r&%' Eaﬁc?tﬂ I‘Ct' ve spiral

rei nfor cerre as shown The brai ded

reinf qom;re nt Reeireid Abo ROFIERY2 Adicd ude ﬁ@st%hﬂgé@nh@mducaoe [x¥rsi22C by Ghgay
multiple [ayers. Al'though a two-wire spiral reinforcenent arrangerrent i's

depi ctirdduden fgx granple, ian esdetridallpconiustivapraidediraindet cethent muatéréal 30osifchgur at i ons,
cha f our _an re ran nt.s al so be utilized. [0024], The
conduatyve i Eifeds onaletbistnedly S8R SRRy e e totnraP oo e
I 2 fai ,
senond cora s iR £88 3 ST aR] LR cntent R DTRST ind{f £ SbEe B

i n Fi @r nfay mcludmmultqﬂeraymay Alrtmluglmle ttvbevibd quizdemﬁxrafefmmcmmgtenmt er al 30

and the second conductive | ayer dot)ﬁ/ i nclude the spiral reinforcenent
mat er [9GPICSS 18 gy, IIhShaII@ISO@e aPAEfGIaEq 3 ether qopBgurnarians, speh asdewntndcdhduct i ve

I ayer%@gé&%@gx%%&% ldgg | u%lhEl&I e ply or multiple plies of reinforcenent

materi a
[0024] 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 in Fig. 3. Additionally, 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.

[0025] The hose assembly 12 may include a nipple 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



first and second conductive |ayers 22, 26 may include netal wre, natural

or synthetic fibers and textiles, and other reinforcenent material s,

provi ded wbeosaloeased material is electrically conducti ver/Biwougeonf the
terns "first" and "second"” used to describe the conductive |layers 22, 26 is
not intended to limt or otherwise dictate the position or placenment of the
conduchoul@ be appresiard thatgn wiet gmbpdihents swevminddgd| lyant23-9[ dea8pplTRE chgages

ly. 12 incl ude .a nippl e, 36 that . the .jnside of. the h 16
2ot ek AV U P8 S0 30k Bl FECOG ot Bl G Sh i g
ni ppl §f 3 gmxetu@%%d@ngage BleQeR i 8deCH bEE h6R! 162 MEnPMkEOID 4 AiBRlk 38NJages
an i nner surface 43 of The hose 16. Itshould be appreciated that in the

enbodinmyriiescanbtouwted frofi apseleciricatly dondyctivhenandrpbl d'h8Gockeyagesnd nippld Inmay |
f 43 t he i tuhe 20 of the hose 16. A cylindrically shaped en
Sort | B SAHTEH 1o e heB by HUTRAY BhGUErERD Bt SEARFon 19t e soHOUD 16
Th 4 i - o 4G
conducy iyl EDEe Sl HEcARUBREELRARAD FafE RN 4 | e

16 by of theqaickg 40h ehegaHyi doetpir€s3inlg)ths hedeeid ndedaahé hippleddb aid thBeosecket 40
overl aying the hose 16. The crinping process defornms the cylindrically
shape(ﬁ’érmr%ﬁtoif &e wrpleBotard thesdeket 4that angpgsijie bosgpte By mifotindudse 16

bet ween .t he ni e nd,the s et 40.. The partions of .the nj e. 36 and
the sotuenSt BB ast KntrR B ety iR B Sur%G ol rlePR| Sndh

serr athedakdb0t B atimped keBEp sBiré tR! fiin€ FP@E hotd 061 IMe k&rAldn¢AbYnHofd er hose
mat eri al when the socket 40 is crinped to help secure the fitting to the
hose teunfigured gepreutiit diesseamtinmg/4h &ronopenegatingdthe onner sxberX0 andeouserroositn s 46

from penetrating the jnner tube_20 and outer cover 28 and contacting the
conduéP?G%m?§§@ﬁ§eE@?hﬁ%wg?b@?gf’%@ferring to Figs. 1, 5, and 7, the socket

40 anqogdsg Ni RPLEinbroFYs. Al 3008758 UhaL: kQ 2R BreaRONIP8E thdy AGHhd s RBrei0
6 Tﬁ E g uge aﬂ, déay

bei ng secured to the hose 16. e socket may in I nwar

ext endd nge anotkarih edéitivn & bding sebdrqiowithé bosed 6nefite sackiaf40rmabireludadn49 of the
socket 40, adjacent a hose end 50 of the hose. The | ug 48 engages a

cor r edBHENNg tending giFarderental lug 48 pasitionsdmsar 3 deforBable gspd 49 6 thergpeket

detor WS BRI B abhe 2R Rl AU A g2 1Y
slot 52 formed in the nipple 36. The deformable end portion 49 of the socket 40 having the
lug 48 may initially be formed larger than the nipple 36 to enable the socket 40 to be
assembled onto the nipple 36. During the assembly process the deformable end portion 49 of
the socket 40 is 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 and
nipple 36 at the point the lug engages the slot.
[0027] Referring to Figs. 1 and 5-9, a nut 54 may be rotatably attached to the nipple 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



assenbl ed onto the nipple 36. During the assenbly process the defornable
end portion 49 of the socket 40 is crinped, which deforns the socket 40 and
forces thwolog/ed®iBnt o engagenment with the correspondi ngcshBioo&@os2ep t he

ni ppl e 36. The socket 40 can be electrically insulated fromthe nipple 36
by positioning an electrically insulating collar 38 between the socket 40
and nicppdustize layer 2haapsngagetthe seakgt €hipegyedic enelesirisel cquoectiop tReFentheig t o
Figs. 1 .and.5- a nut, 54 y he rqtatably attached to the nipple 36. The
nut SLfO?l%etg%ﬁ?ﬁ?al?rsgaoridowé’gg%i('gqﬂﬁ’éahose assembly 12 to another conponent

(not gbexwn) - ROCASg fPAlPIIFiBY I £hd-T 8 helb HHRGn e pdriibnsl dffiBd fiE@RAEddoUE
| ayer 22 nmay be congfl gured To extend beyond an end of the inner tube 20 of
t he haseducGyve Tyer £2,r24 theoextendt beyend theeand 22 thealyosel §dpen tomadtingping aBéthen

create an electrical., connection hetween t ni ppl e 36, and e first
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conauclkiqyg cbﬁ%déchv@@agg%g,b%ic?ﬂé ké;%ﬂr:]'!(éj;e% Qy BEifPeta ?Y&E}%daag pER G e &hﬁé out er

cover 28 of t hos e se conductive Tayer may engage t
socket3843ed @ de@atatlyainsidhte el sochit 400ftrache nippleedtweEie dpaeersakat aldd band t he
second conductive | ayer 26. [0029] Referring again to Figs. 1 and 7, to
hel p pFPENGEHY extending the base ipfermeaiafe laxar 24rheyerd ahendofihe diney &bedPernd22 26

that S hoond fhe Gideof e RSP il S0 EOOKAGHAG ANGuANGfer . an

el ectrical imsu I'ng spacer one ween ‘exposed ends of

the ficofipoddi, seps@ndreanEkIcdliay8slaal e dtbrméBiate Threr Ppastelic Résemay be
integz[&lkzéﬁ/ formed as part of the collar 38 used to electrically insulate

the s 40The bosetfadt détpgiioa sggemTiHemeyp instnde 56 fanlt datesior Bé foomepidoring
extendj ng the hpse.int i at r 24 beyond an end of the inner tube 20
and odib egdie P8 oL FE T Bt et oref AL B finiir S yecty Suytdfon

confi gwnfhodk RnslafddeRnoBuk QIRARSES wiRBPAE 8b& 14 OThd H&ifalibRsizAA mad the
internedi ate layer 24 of the hose 16. [0030] The hose fault detection

syst emmd@denayitleendidisud] BenhBu ke wekkbe other typds bhsigmadni Thisimegns thet thetfegiti ty of

the hose 16. The fault detector 14 may. be configured to cause a
not i f i96%E105A4 Snayriaflude 2 yasuglidult ARdCRQEnMY that eRrrespprdsdedhecyigtpl §ighalsn t he

bl DT T RS L R E

fault detector 14 may include a reset button 15.
[0031] Referring to Figs. 1, 7, and 8, 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 to the socket 40 and nipple 36, respectively. The first
and second conductive layers 22, 26 may also be electrically connected 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 property data. A digital processor 66 may also be employed
with the fault detector 14 for performing various calculations and mahipulations of the received
electrical property data as may be required based on the electrical property being monitored

and the requirements of the particular application.



detector 14 may include a visual fault indicator 14A that corresponds to
the visual signals and/or an audio fault indicator 14B that corresponds to
t he audi oweixgralog418Addi tionally, the fault detector 14 mwey/nBrod/oaeowr reset
button 15. [0031] Referring to Figs. 1, 7, and 8, the fault detector 14 may

have any of a variety of configurations depending on the electrical

char adﬂéu]st i & imethng forodeterovimidg theugrhsease pes fadtanidin Abchesg Jaonayamekde For
exanpl e t.he. f aul etector 14 inclu sensj ng devi ce 58 ca | e of
meas oA iRe Aeds<ldets BTRERY L Teen ana f D St £ et CenaRrY (T C2 58 ay
be el exf ;iﬁ&é"dih% bGORN SRR b Celtiedl 'r5§§ta1ﬁe@(61121§%§;§h@ﬁa§c‘3n%§dl e_%d{n%%ﬁlt 22, 26

by way of first and second lead wre 60, that are electrically connected
t o t heocsum kogt widliin almdhose 4 pIneay3frodueespdat¢dtabdd yhanghén thermonianel decopal
conducti ve I%Xers 22, 26 ma so be electrically connected to the nipple

|
36 andT8¥dRet hagh mtaléé‘ﬁjégat“f KP)é{T g}lostelfﬁguréd%'l’(?%éo P& fault detector 14 to
moni t go3zje elTﬁ%frdrgglwi?é RS FFgleE’ﬁan}slPrfs AA LI NSe llé‘éﬁfu?e ?n%z otfur, The
u ng or

fault detector may al so i1 nc € a recordi evi ce toring

meas urisdrailie Hobé CEmapbepebjested as @Iclié\#ﬁésglhﬂewhamg‘e@@m SRy reSulniya prloFfeshee
enpl oyed with the fault detector 14 for performng various cal cul ations and
mani pUuRBagucorguest depenerasioaiof eae or awre ptale lprespwithip thahaseald, vdiictbepiceldyi r ed

b d h | i cal i i .ed dth i . f
tho_ pdrtseattafoRild GRbreBli REkY) TRraduioe ¢ SHehaflr ArngeR T EllRce of
a f aulHoswil 6 burt Reh @f @ pddingTBavel dpR ikl d Qv A6 thO hb R0l AthaC IR fidto Bcaperty of

at least one of the first and second conductive |ayer 22, 26, including but
not | ifnémeéhk hese 16| ebherability to detesitdngenerative acapamigt wtite thethose ipemali prgvidaul t

occurring within the hose 16 r{gy\f\}ﬂpr oduce a det ect ab{qe fcl!;lange in the

moni t FPWPPATBRYLY [ockmoyF gtb“et}qsg,, ML PETMG PPRBIC APt Ia4Ufose failure is
about He3ACCUProdrQQR3]hodd I}{\HA ety ﬂ%{)ﬂ Y, i a
hose 1[2 fﬂi I uréogkay ocggr.%ge%%rraga |c? \égéedcg Cr(r)wg{(/as%méﬁs fzécg{&é)ﬁa %h‘gﬂgeg@] iC
pr essuhe elebaivglechatdeadristiesyofrths dbdductivealapero Q2o 36 imbichi, aftieq Wetettad umatl
degeneration of one or nore of the layers within the hose 16, which

t ypi caPTeVasn &F ar&Bpendingroniee hase 1o @ilgre. t ey sxample, iothe puiepeastiaje iper 24

SLocHaRoR GRS Bl 4L 8L of AP SRR S BE R ER g R
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 resis;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 material, 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 ,‘ 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



fromthe hose 16. The ability to detect degeneration occurring within the
hose 16 may provide an opportunity to renove the hose 16 from service prior
to a conpieteidmidigre. [ 0034] Progressive hose 16 degenecatiBzuoy/nwygogpr oduce
a correspondi ng detectable change in the electrical characteristics of the
conductive,IaYers 22, 26 which, when detected, may forewarn of an inpendi ng
conpl eresehogial aml qusio sigaals tybe bseadeasksignaling e prss@rcerofin Wt WHYBtho oSS t he
hose were to develop a tear 68 or other simlar fault that results in
the first conductive |ayer 22 electrically contacting the second conductive
| ayer [8635]SUclagsusSHONBdd maf b6 used totddteSmitRYhé Prebetcd of auae: ithHr thespandi ng
decrease in electrical resistance between the two conductive | ayers 22, 26
t hat . dén ber eeampde,cindsyly toestfugifdthode @ onagrhaye an jnitigteypseling ¢lastriqabssi bl e t hat

fibers, or wi.res af. one of the.conductive |ayers 22, 26 coul egin to fray.
Thi's agepEtista, R EAa Ba oAb v Eielfe oy St oata e e RNt o he
reSperk%ﬁmQ@ﬂQP&kWMﬁth&&ﬁérﬁ?nm?@eanﬁ@ﬁE@ﬂﬁﬁﬁﬂ%ﬂﬁ&thB?nﬁﬁﬂﬂ&ﬁ&h%@ | ayer
22, 26 1s constructed froma braided material, such as shown in Fig. 2 .
One orestablish thé badetiné elryeitaldaestarayic.piOnce ehetHaeelinetedgomecil aharadtaysic 34 and

contact the other conductive |ayer 22, 26, resulfing_in a corresponding
decr ed$eR F1iaRlished the Bult dstgetor dddpaheanfigeisbhe Refi9dicaljepend qutg  an

"ol eotr] , - i i p. bet
he s R tana) ol i BRAGE! Batatfr B SobE iR, AR 07! 1RC"
hose tsigmhl reayiveeby aesfadlt ytetlot il d netbenised toderdiindrtieeuddent ¢lecttioge | ayers

20, 22, 24, 26, 28 through an interior fault in the hose 16, may produce a
cor r eSpaiaelieHefics pAaehoss. whrhdnayabreeompgpeshagaaise theitageliecsiestideal i n t he

and aguracg i ideef BRRRERAM irhlR niltiha® BEahu’ Ge SEPRRRG GG Tl

the hogeraihre fbORBR (MafuUR IR Nadan BRKe RE WisHHg tPbEREGM ne the presence
of a fault within the hose 16. For exanple, a newy constructed hose 16 may

have d6036)i tiRathtratheh compalimgtheicuaknthmessutal dledtiical propestybeisieh baseline
o oot e 18R B G4 Y, 0%, B cpEopraTed, Lt o L1e, Cault detector 14
2T o N0k 500 LA AL, Rk ol PO 6 UGS 11
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



been established, the fault detector 14 may continuously or periodically
send out a predeterm ned signal consistent wwth the electrical

char act eryygthfo/Jdgi189 nonitored. A return signal receivegchypigofeaet t
detector 14 nmay be used to determ ne the current electrical characteristics

of the hose, which may be conpared agai nst the baseline electrical

char aciegpecayé first Aithsegesd exdleetivenlgyars B2 e2tstiemay e gossilgaitd doewapyvithribé cat e an
i mpendi se 16 failure for which the fault detector 14 can cause of

war ni r@ﬂgbglgglaf SRestionebeBPeRAE fasket A8 3¢ HiFHPRLA G OSHIEE diif PEhRICHSSABAUr ed

el ect rdiCali AL aAR&hEY M PR 48358k bRenips@Rgrty, the fault detector 14 may

al so be cona?l?gure to 1ssue an |rrpeng1151ng hose failure war ni ng upon the
noni t qoe3Blel e®iti edrefueapdif.y7,ahé sickety) mex oeednfigired af atyliddgichg! shaped
certain value. For example, when nonitoring electrical resistance, the

faul t Wevectlde sackehd crgageniieiayiar €6verc2§ afshe hasendy it ngmilplemantes agthect ri cal

the 11 PoF 4bahoRa R, aRER0er s BBy O by BTGPl o PR 4 e ¥iss >
connecdorer Z8.1 This|vayt habReaGPidcESNONEE Bshdamduaidrye2! 20/ 8) fcifitate eéhnkatidier

than the socket 40 and nipple 36. The first and second | ead wires 60,” 62 of
t he f dh¢ faultedegastasrl4ldadcwitehel r@uoabe taspentiyh candustipe biyense 2h @b eandOmay alshe

ocket .40.and el ectrically attached to the correspondi onductivye | ayers
35 SRIATOUPES Lo i Aha2r nieipret Gabis ﬁ‘t‘rﬁgﬁ%&@%&cﬁiiﬁ\{%nds of
the c gﬁt%' [ e anot her, the hose
inter%di at%&? ﬁ?@%ﬁftﬁégoﬁ%ti@(?ﬂ%ﬁ@ﬁﬁﬁt&%%ﬁ% ﬁe end of the hose inner tube

20 and00¥y hoRefeauitigeto IEigy 8y th2 8ockBhd0 tiaydte doafigunedl e aGRstramy asecaid @ckad t o
the first conductive | ayer bei ng routed throua%g a hole 70 in the

22 b
i nt er REMBRT&HHiayEB. Lneyef the éQFrIFSP/ BRMBRE 498, A8 slsptracalis gngagss theylasst 24, Each

| ead wi r i N V] 70 in the
socke}t%ﬁg‘,l&gjg l‘rlgl%f gg%&rlg?] eedoq #‘%%gfg&h% of 4??1g?q\ggééng/ie%{%%%g&e%gé&ﬁay be routed
t hr ougindudie r D6l ThéBosPasatsly Neay AKS incAitd SEFHIB A6 IRARGNYAJeE $hebO0, 62
are connected directl é/_ht o therespective first and second conductive | ayers

22, 26nside ofilhy hee Bos$he hippteod maninpjudsiantelongeted siylindri@Bendpertios 4pdkatt i oned

bet ween t he socket 40.and .the nipple 36 since it is not necessary to
el ect relngﬁgqsﬁ‘? Rt %P%zﬁﬂgt@g?ﬁ%llgm fromthe nipple 36.

[0040] 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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[0038] Wth reference to Fig. 7, the socket 40 may be configured as a
cylindrically shaped sl eeve. The socket 40 engages the outer cover 28 of

t he hose W6 20mv/m4|8N | ar manner as the socket 40 shown ipaThBmodooctée socket
40 general ly does not extend beyond an end of the outer cover 28. This may
enabl e easy access to the conductive layers 22, 26 to facilitate connecting
t he f d0041]det Befeoring dgdim ardFigi BethedBst o2kt ananhizer M@ pandtthe sipplerifumay be | ayer s

22, 26, and may al so si d.fy routing of the |ead wires. 60, 62. The socket
40 mfe%e‘g&ﬂg%@%rt% g"ﬁ)‘hB%%tol@%“g\‘ﬁeﬂﬁP ﬂ& Q%@qéorﬁqeofﬁ Sbf’focg?{én et 40
over | gyian f i i & be
confi SAES)IFA‘ e%a%??c é@?rﬁ%ﬁaﬁ%@%&%g%gcf scocEe%ﬁt%éE%g%S ﬁ%&?&%@gﬁgﬁ%dé@rrﬁ%e

sock etendpothtérnsd HeFthe 408 setlet tneimbat HYA adjagas thelead fof tist hasondie lugy 48 | ayer 22

and the ot her socket nenber 40B el ectrically engages the second conductive
| ayer SPBREETREOREEROIINELHsunfarontia slosp3 dormed] indlec BiPRIepIN. eThxpdafpranablaepdges

eyt ndPag) R ok B8 P Eatd oy "0RMaFod Rl ey BE B0 APF) B 16

[ 0040]tha¥ thb nispK BO eLendbes @BE Eng oti@t fethbeB40A 6 BE K&¥emPRIdt dred tH¥BipplOgb ude t he
first socket nenber 40A that nechanically and el ectrically engages the

first Ruingubeiasssmbly proces. thergeformable exsbpdetion HB wib dre ASAsarlgt embayréiy isct ed
froman. el ectricall.y conductiv terial. The firs ocket nenmber 40A and
the nipptsdobied e aBE e st ke ReThiEi0A ABErkts e ik ¥ b BERGFRER) e end
por ti Qfiftihe @brieffonbinSior 520k @le MBHIRSK. 40A overlaying the first conductive
| ayer 22 of the hose 16. The crinping process deforns the defornmable end

porti 40042 of Ittiheof nacetsayobhitethe mppleet6 WO ecttibaheinyulewdfrons gierfi st dvekdtnner

tube 20 and the first conductive |ayer 22 of the hose 16 between the nipple
36 andERET AOACHRGSBR S{PPIRe b 5rnoh et Y APlsdiRshe pecond condysiiee Bigetaitd t he
first : L: e i es of

S Ie; f ato?(;ﬂ?lés(ﬁ&f 8”?;:21[% aﬁ%‘laeg’fg epcgerlg]?iﬁgg f%/&gﬁ%g gl%fa%l?%&pﬁg §1ﬂ§+ EI% e fuf/%é of ter hose

nat er itatweshehe higets off the fisQGkeet MeMber 40OAnd sheCiipplesd fHoa Retigussessns t he
fitting 34 to the hose 16. The first socket nenber 40A is not electrically

coupl é8ch & toHacilieoatpchmeniuafithe Brst sgeket membah&0A ite gre tipplel 36i ridesollaf3d he
may be made from any of a variety of materials depending on the requirements of the
particular application. It is not required that the collér 38 be electrically insulating, although it
may be.
[0043] Referring again to Fig. 8, the socket 40 portion may also include a second socket
member 40B that mechanically and electrically engages the second conductive layer 26. The
second socket member 40B may be constructed 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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fault detector 14 may be electrically connected to the first socket nenber
40A. [0041] Referring again to Fig. 8, the first socket nmenber 40A and the
ni ppl e 36womyidme4g8cured to one another in addition to lpeirng2mecesred to the
hose 16. The first socket nenber 40A may include the inwardly extending
circunferential lug 48 positioned near the deformable end portion 49 of the
first [00#Hdet MEthoreferdia, todugadeamd 10h theenvergfortitneohtbe eockEhdO thag edghgentdigages a

' [ nf atial slot 52 f in t i,ppl.e 36. Thy
et or D8 16 Bk YOG Horhr 2o cp S ASHERDreHoR Sy WAE uﬁawaar-gﬁglereag 48
be i midi ‘ . st
sooket SEUeRe A OUPRE LR ey 1iRutd GarlhP Bofh 198 b oF IR 0Bl 1B S 41
pr ocesspdrivd opefanssitabhiaingine stpess icboacendAtiaf odcheifg wihinshe kede Ieavitey peddA i s
crinped, which defornms the first socket menber 40A and forces the |ug 48
into ShefagEieeivse Wp ckits He seeket 4Qpdhgitangr I gtlows forp gradualjingsease dpthey 00:112] | t
' ; . i.npl ' | \ i ns. . e
firot coRBEaRE ekl Blind, A RURB R HiRe 18, Heihd oERes a6, SEHERRER b Bbl o <o

t he seonEbreayit irdgon AY&the Sodkkt 40 m?sm cdd baBadvide@wares Fedéﬁal sirable
in certain instances to position the collar 38 between the Tug 45 of the
first copisReepereithevhenparegian Brvanhislaegererallyconstanidiameier Basthen theuch as to

21T RGN b0 Mhplo Rt PIRRRE S I LRt BBy AR S0 T

requir. i }G?Je' ; L t i t the
coﬂl aragggéab% tg{: ggs{aﬂeggln% i}}]@f@giﬁ{ﬁ%}(@ ‘?Ar%lg aIf ?ér%éoudg%’ :sttﬁr tglgyfr%g%g[ %rgﬁ%f}tﬁ@Ref erring

agai n sbokeFidg.an@ maving ispekkt THO cproptesuve forges adil dikielycleachea masmoonavigidc k et

menber 40B t hat nechanically, and el ectrically engages the second conductive
| ayer f%l?nﬁ.g‘%é@ebtntae @pekét ferBupPiE Ol rﬁagmse% BO AL P FRecOdave BTl the

| ect ri,cal UGLI i : . e
cont 1 GLreg nAang il R« TF hhilhe nbUF) € REP I GRE Ry TR ST a0 B
secondumonaditcidvesselyaiyigiaci2be dirdbilty bOge hbbe.i The wpen74 of therdaral aapédie first

socket menber 40A engages the first conductive |ayer 22. The second socket
nenbereZOR 7Aaaydiel s senifer this hdlavgse fora mgrecaradsil ingrease iphetcompressionhe

sock ®liortes 8)¥eer{e|d a&fxi thé hg)sréel 6 t?yC %%dsocket 40.

[0045] The arrangements described above are merely illustrative examples of possible

configurations. It shall be appreciated that the arrangement of the fault detection system 10, as
well as the configuration of the individual components, including but not limited to the
hydraulic hose 16 and fittings, can have different configurations without departing from the
scope of the claimed device. Further, although the above examples focus on a hydraulic hose
16 it shall be understood that the herein describe device 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 drder 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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conductive |layer 26, thereby trapping a portion of the inner tube 20, the
first conductive |ayer 22, the internediate | ayer 24, and the second
conduct i weol2apan4d® bet ween the. second socket nmenber 40Bcans2diversdippl e 36.
The second socket nmenber 40B is not electrically connected to the first
conductive layer 22. The second lead wire 62 of the fault detector 14 may
be el eeftproceaabdsyhecmarecpredided fartthe perposdoSibuktedtingsetien da0mep 0Owiishovikdt in

ref erence tg Filgss. éa and éo,,the inngf portion of the socket 40 that
engage®™ VAL PRGBirigd 52195 10t Bhe QR QA 105 Rifneral Iy coni cal shaped regi on
72, wh N am i j f : r I i

e d0ot e | o B BB ha 1o abb W20 a0An ApbRRA TS pPIARERR B et

m ni m eergtive s Mang noangenadntoandapplicationg otiet han thhexdngie pkbvided toaldosd nt
where the hose 16 exits the socket 40. The taper 74 allows for a gradual

i ncr eadPPajeRt tnBoeRfskEl i the aft giper seadinignge appye degcripsionh el isssere of tigen t he
ket +.4Q i i ' F | i f th ket
PR i b L R e AR L S P

e'p enerally conical taper b%? wher eas
r egi ondeScriftionh BuEshaudEnseRl be/det@aahaiWith iréfRIneE tothe WhRMdEd ElaiRE kedngd0 i s
attached to the hose 16 and crinped to the nipple 36, the conpressive
f or cesWHibhei fall seepet dfeeqhiyslentb@o wibich sugh cledme argrenditiad | Yt ipanticipased and A,
starti.ng fr end of the sqcket 40 and ving .,inward. The conpressive
? or cesptfe el e A uhprhetf R un i TR hoNeH. 1o £ A Gy 4
for ex3uRhf.and mdufidls MNA b iAHp el ifto Bl A fre ARG RhdnYs. ¢ Hlesuéf}q?sﬁyu?d?é er D,
the stresses within the hose 16 nay increase nmuch nore quickl'y, which in
t urn codedtadvbatgbd herempdistioset ey dem ald Ipraogsses atcheaphisis ef mbddicaamennd4 of t he
coni cal shaped. region 72 y help niinimze this by allowing for a nore
gr aduaf@'i2He Q%QCHWW%%F@S@HBW%I%' exerted on the hose 16 by the
socket 40. [0045] The arrangenents descri bed above are nerely illustrative
exanpl es of possible configurations. It shall be appreciated that the
arrangenment of the fault detection system 10, as well as the configuration
of the individual components, including but not limted to the hydraulic
hose 16 and fittings, can have different configurations w thout departing
fromthe scope of the clained device. Further, although the above exanpl es
focus on a hydraulic hose
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16 it shall be understood that the herein describe device may be enpl oyed
with any hose configured for transporting a fluid or gas . [0046] Wth
regard toybhgiodjoeagsses, systenms, nethods, etc. descri begrhigidos2ed Shoul d
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 perfornmed in an order
ot her ﬁE he order described herein. It further should be understood that
certai. s could be perfornmed sinultaneously, that other steps could be
added, or that certain steps described herein could be omtted. In other
words, the descriptionsof processes herein are provided for the purpose of
i 11 ustWaetsglamed i n features, and should in no way be construed so as to

limt the scope pf th Lakns.; .1 0047] It i.s.to be.understood that the above
description is iﬁten e&%ﬁ%bggdf%f%%%%ﬁCFVgagﬂﬁn%%?m$estrictive. Many

arrangenment s anda Bgsel(1 €)dhélodiag at Best ohd ashdubeveEd fIR B2 6) otk dadecenaligd be
apparent to those of skill in the art upon readi ng the above description.
The scopdugiverharagicssiGsed syst em and processes shoul d be deternined, not

with reference t Qfatuﬂglegg%g ﬁl dﬂ gf%grlc f;l]% chhn]ept% tohgut %ﬁ%t%?l% ?@%&ﬁvgf’agf}r(%,ned

wth reference to t al along wtht scope

equi valgnhg comiginedfor detetring ai diectidacad cleamige bheed .onlthe elsctaniliycégpdueteand

i ntended that .future_devel opments will occur in the arts discussed herein,
and t HAPTACHESHS L§igubige E%S‘?tgﬁlrém% UW%JF H&§¥Welh05%9q)-ncor porated into such
future enbodinments. In sum it should be understood that the herein

di scl osed system and processes are capable of nodification and variation
and are |im.ted Brdoshyaultdetdctibh eysitany (I8)) af oinCll AwMSeinfthe af lsastbad ned is: 1.

A h f gul_ t t ' t 10) . h 16) incl udi t
east BRBCBRART T e DhyERicos o o5 TP thndie e aB#hlal |y onductive.

characteristic; a fault detector (14) electrically connected to the at
| east one conductive layer (22, 26) and configured for detecting an
el ectrical thangEhahpsedudrdetastior Fstam (IOAPF glagoh dubeteinghe at least one

conductive Jayer (22, 26) includes a first conductive layer (22) and a second conductive layer
(26) and an intermediate layer (24) is disposed between the first and second conductive layers
(22, 26); and

wherein the fault detector (14) is electrically connected to at least one of the first

and second conductive layers (22, 26).

4. The hose fault detection system (10) of claim 3, wherein the intermediate layer
(24) 1s configured to electrically insulate the first conductive layer (22) from the second

conductive layer (26).
5. The hose fault detection system (10) of claim 3 further comprising a socket (40)

electrically connected to at least one of the first and second conductive layers (22, 26), and

wherein the fault detector (14) is electrically connected to the socket (40).
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characteristic to signify a potential inpending failure of the hose (16).
2. The hose fault detection system (10) of claiml, wherein the at | east

one condugbiéfydodmgr (22, 26) includes an electrically eerdsdobysemterial.
3. The hose fault detection system (10) of claim1l, wherein the at | east

one conductive |ayer (22, 26) includes a first conductive layer (22) and a
second conduct i \Iélellmy@fau(t:d@yecﬁmdswtem ﬁtOéeofrtﬂaliinaB éxrttmyeasmpﬁsm)lg 2 sippies(36sed

bet he first d 6) ; th
Faul't Skeraet’s otesae SERETER? BEPESrushnadbancobia Bkie Thablandhe 1iret
and saoRid:gndi bkuRol APl ddonidhmdicd D@ iogse (39 ¢ detection system

(10) of claim3, wherein the internedi ate | ayer i's configured to
electrically insulate the first conductive | ayer (22) fromthe second

conductive J ayer 5. The hose fa stem (10) .of ,cl.aim 3
Further compr o My Tooe Sedeaf St} DRI o MRl ST BB S e o
the fiwisd (éﬂmdle&ﬁeﬂf}dnt}‘dﬂdi’tdmeétln\g&hé eaya&r@te(:&zn@@hd tifistdoaaedtivetner (2l t
detector (14) is electrically connected to the socket (40).6. The hose

faul t aaetaéefqnédeaey@%{ﬁ% elspiriselly ingrpermesting the faullletsciosil by aad fagsscend 36)

el ect rdGabdiy pggzed to at |east one of the first and second conductive

| ayers ? 2, %§§? nd wherein the fault detector (14) is electrically

connected to the nipple (36). 7. The hose fault detection system (10) of
el ectricall

claim 3, rther_c first y
|nterconne i ng gﬁgpg%%Pl%g@P% %@“?& P>aﬂ%- éf?ﬁhﬁﬂn%BﬁH&ctlve | ayer (22)
and a second | egdovidi eadf @@ctrﬁ:laﬁfkliﬁxfé@!ehif th@ts@&ﬁﬁ'cﬁﬁ cifg agfgf 2%%“' t detector

(14) and the second con uctlve ayer ose etection
system (10) of celnapple 836)fklectrivelly pomieulzdd rtrgtheaﬁrs@ok@tctwa@)yee@éa;tmﬂcaI ly

Connect ed o 1 e FIPATCaRRIEN LA paecrils cafClles ok Tidiang U7 ¥

det echigple(34h) is electrically connected to the socket (40) and the

9. The hose fault detection system (10) of claim 8, further including a collar (38)
disposed between the socket (40) and the nipple (36), wherein the collar (38) is configured to
electrically insulate the socket (40) from the nipple (36).

10.  The hose fault detection system (10) of claim 9, wherein the collar (38) further
includes a spacer (56) disposed between a portion of each of the first and second conductive
layers (22, 26), wherein the spacer (56) is configured to electrically insulate the first conductive
layer (22) from the second conductive layer (26).

11.  The hose fault detection system (10) of claim 3, further including an inner cover
(20) surrounding the first conductive layer and an outer cover (28) surrounding the second

conductive‘layer (26).

12.  The hose fault detection system (10) of claim 3, wherein at least one of the first
and second conductive layers (22, 26) includes an electrically conductive braided reinforcement

material (30).
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nipple (36). 9. The hose fault detection system (10) of claim8, further
including a collar (38) disposed between the socket (40) and the nipple
(36), wheweinddogsigol | ar (38) is configured to el ectri caclryBrooswieadse t he
socket (40) fromthe nipple (36). 10. The hose fault detection system (10)
of claim9, wherein the collar (38) further includes a spacer (56) disposed
between a portion of each of the first and second conductive | ayers (22,

26), whereiyy th I fi ed to electrically insul.ate the

Frr st "condunkt verFaREE fa3flecki Sk BHASH 6 BB PR ikt s " e
hose fadlsecatgit @atnamive $ayeis0R (260 Inddides hakelcBicall pEdndastivenglriidici@ordgmémner
cover (20). surrounding the first conductive |layer and an outer cover (28)

surro @Fﬂﬁ(égé second conductive layer (26). 12. The hose fault detection
system (10) of claim3, wherein at |east one of the first and second
conductive layers (22, 26) includes an electrically conductive braided
reinforcenent material (30).13. The hose fault detection system (10) of
claim3, wherein at |east one of the first and second conductive | ayers
(22, 26) includes an electrically conductive spiral reinforcenment material
(32).
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