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l Kink-resistaat, high pressure hose construction' having a composite., spiral wound innermost 
' - -------- \ 

B1dcground or the invention 

The prcsern invention relates broadly to a flexible, ultra high pressure reinforced thermoplastic hose 

constn1ction, and more particularly to such a hose construction which is provided to be C$1>ccially lcink­

resisr.ant by vim.le of having an innermost reinforcement layer which is spiral wound over a tubular core . 
as a composite of metal wire and non-metallic, syarhetic fiber elemctits. 

Flexible high-pressure hose is used in a variety of fluid transfer applications such as in lbe W3fOr blast 

removal of paint or cone~ and ia sewer oleaning operations . .As used herein, ~ressure" is 

ascribed herein is common trade definition of hydraulic pressures greater 1han about JO MPa, with 

"ultra" mah being used herein to designate pressures gna:ter af about l 00 MPa or more. 

In basic structUre, hoses of the type herein involved typically are consuuc:ted as having a 1.ubular core 

surrounded by one or more reinforc:emeni layers or courses of high tensile strength steel wire and/or 

synthetic fiber. The reinforcement layers, in tum, are protected by a surrounding outer sheath or cover 

which may be of tha same or different material as the core tube. The cover also provides the hose with 

increased abrasion resistance. 

The core mbe, which may be a thcnnoplas1ic msterial such as a polyamide, polyalefin, polyvinyl 
- .. 

chloride, or polyurethane. or a symhetic rubber material SllCh as Buna 'N or neoprene, is conventionally 

Q.'1nlded and cooled or caired. As is detailed in U.S. Parent Nos. 3,116,760; 3,159,1!3; 3,966~238:--

4,952.262. if necessary, the tube may be cross-bead exttudr.d O\'er a mandrel for support, or otherwise 

supported in later forming operations using air pressure and/er reducc.d processing temperablles. 

From the extruder, the tube may be collected on a reel or other take-up device for further processing. As 

disp~ from rhe rec~ the tube option.ally next may be passed through an applicator for its C03l'ing 

with an ouccr layer of an adhesive material which, in the case of thermoplastic hose, may be a 

polyurethane or other isocyanate-based adhesive, or. in the case of "rubber.·· i. e., vulc:anizabJe 

elastomeric, hose. an wlcanizable adhesion promoter. The core tube rhen may be delivered through a 

braider and/or a spiral winder for its reinforcement with one or more surrounding layers of wire and/or 

fibrous materi3.l such a.s a monofilamenc, yam, or roVing. These reinforcem.:nt layers, which arc app\;cd 

WldCr tension and \Yhich m,ay be bonded U) thC COrc and tO adjaCCO[ reinfozument lay0~1 typic:i,lly 

comprise an inrerwoven braid or a spiral winding of a nylon, polyester, or ;murud yam, or a high tensile 

scccl or other metal wire. 

n903 1 71 M . ~ ·-.. , . - . \, IS ·- Q 9 JUN 1999 

II 

JPOS. THIS SHEET HAS BEEN 
REPLACED 



-2-
Following the application of che reinforcement layers, the outer cover or sheath optionally may be 

applied. Such cover, which may be formed as a oross-head extrusion or a spiral-wound wrapping, 
typic:.:Llly comprises a.n. abrasion-r~istent polymeric material such as a polyarnaidc, polyo1efin, polyvinyl 

chloride.. or pol)1\.1rethane. As before, an adhesive layer may be used to bond the outer cover to the 
· reinforcement I.ayers. 

Representative high-pressure spiral wowid and other hose constructions. as well as manufacruring 

:methods therefor. are .shown in U. S. Patent Nos. 4,384,S9S; 4,S37,222; 4,317,000; 3,791,415; 
4.175,992; 4,241,763; 4,5851035; 5,024,252; 4,9S2,262; 4,444,707; 31805,848; 3,790,419; 3,566,924; 
S,361,806; 3,654,967; 4,259,991; 4,850,395; 3,905,398; 5,062,456; 4,898,212; 4,699,178; and 

4,343,333. Heretofore. however. it is believed that an ultra high pressure hose_ that is, haviDg a working 

pressure of about 100 MPa or more which was both flexible and ~y kink.rcsi~ was unknown in 

the art. That is, alrhough high pres.rurc hoses r.oul~ be made kink-resistant by increasing the \vall 
Ebickncss thereof with thicker core tubes and additiaoal re.iriforcement layers, such hoses r.ould not be 
considered ''tl~ble" iD 13.ili.ag to meet commercial bend radius requirements. By ''Jdn)cjng," it is meant 
that the wall of the hose is pinched or otherwise collapses to close or ot.bcrwise restrict the inner 
diameter of the hose. 

Further with respect or high pressure thennoplastic hose coastructions. it is known that the hlgh strength 
tllermoi>lastic materials used in such r.onstroctions are, necessarily, rigid. In service, high pressure 

thennoplastic hoses, and particularly such hoses utilizing multiple steel wire reinforcement layers' and 
higher ped'onnancc thcnnoplastics such as polyamides, therefore may exhibit relatively poor flexural 
properties as compared to rubber hose. 

- . 
In view of che foregoing. it will be appreciated that ultra high pressure hose constructions must exhibtt a 
demanding balance of mechanical and other physical properties for proper performance. Indeed, as 
commercial .applications for ultn. high pressure hoses have increased as a less labor intensive and, 

therefore. more eeonomic:al substitute for rigid metal pipe, there bave beea calls ftom industry for 

further improvements in such hoses and in the materials of construction therefor. Especially desired 

would be a consuuction which is tlcable, yec resistant to kinlang in critical applications such as water 
blasting and sewer cleaning. 

Broad statemenr or the invention 

The present invention is directed to an ultra high pressure hose construction which exhibits a unique 

combination of flcx.ibilicy and kitlk-resiStance. For example, at rcpresenrative iMer diameters of between 
about 4 - 32 mm and outer diameters of between about 9 - SO mm, the hose construction of the presC'l"lt 
invc:ntioo is b.ighl~· flexible in be~g observed to have ;i relatively tight minimum bend radius of between 

THIS SHEET HAS BEEN 
REPLACED 



• 3 -
about 30 - 180 mm. Advantageously, the hose coo.structioD of the present invention a.dclitionally is 

observed to be exceptionally rcsisWlt to kin.king notwithstanding is tight minimum bend radius. 

In -~ prefem:d embodiment, the hose consouction of the present invention utilizes au i!mennost 

reinforcement layer which is spiral, i. e., helically, wound over a tubular core as a composite of met.al 

wire and DOlM'Deta.U.ic, preferably synthetic :fiber clcmem.s which may bo in the form of one or more ends 

of a multi·filament strand as in a twisted or untwisted yam. thread, or tape. Without being bound by 

theory, it is believed that the fiber elements minimize the incidence of plastic deformation of the hose in 

exhibitin8 a degree of resiliency or radial expansion which fills the spaces between i(ljac:eru: tums of the 

more structural or Joad bearing wire helix as the hose is flexed aloD& a bend radius. That ls, as the hose 

is fle:xed longitudinally aions a bead 13.divs, the wall thereof is elongated aloq the ~~tcr diameter of the 

radius, and is contracted along the inner diameter of the radius. Concomitantly, the wire helix. which 
functions much like a spring, is extended along the outer diamerer of the radius, such that the axial 
spaces between adjacent turns is increased, and is contraaed along the inner diameter of the radius. The 

fiber clements, however, are able to expand radially to substantially till the axial spaces between the 

wire turns along the outer diameter of the bend radius to thereby the prevent the wall of the core tube 

from being extruded therebetween. In this way, the structural integrity for the hese is maintained 

wirhout sacrificing flexi"bility or high pressure performance. 

The innermost composite reinforecment layer may be spiral wound from between about 1-20 parallel, 

axially spaced-apart ends of a. 0,3 - 0,9 mm dWncr.cr steel mono.filam.cnt wire element, 'With the fiber 

element being provided as being wound from a correspondixlg number of paralle~ spaced-apart ends of 
an untwisted. 1100 - 8800 dec:itex aromatic polyamide or ''aramid" yarn. One or more convention.al 

aramid or mono.filammt or str.lllded steel wire reinforcement layers additiocally may be spiral wound 

contra-helically. i. e.. in alremating pitch directions, between the innennosi composite reinforceme~t 
l,_yer and an outer cover. Both the cover :md the inner, tnbular core of tho hose may be fonned of a 

thennoplastic material which, for the core, may be a nylon such as Nylon 123, and for the c;ovcr may be 

a thermoplastic polyurethane (TPU). 

lt is, therefor, a feature of a disclosed embodiment of the present in\lention to provide a kink .. resistant 
hose ·eonstruction adapted for conveying fluids under bigb pressure which is t1exil>le intermediate a 

central longitudinal a.xis thereof to a minimum bend radius. Such consuuction includes a rubular core 

having an inner surface defining the inner diameter of the hose illl outer surface, and an innermo§t 

reinforcement layer disposed radially circumferentially about rhe outer surface of the core. The 

innermost reinforcement layer is fonne.d as a camposite of at least one metallic wire clement and at least 

one noo-metallic, preferably syIIt.bctic, fiber element. The metaJJic wire element is wound helically in 

one direction over the our.er surface of the core at a predetermined pitch angle measured relative to the 

longiru~al aJcis to define a series of first turns. Each of theses first cu.ns is spaced-apart from an 

adjacent first tum to define success.ive pairs of first rums each having an interstitial area thcrcbetweco. 
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The fiber element, in tum, is wound helically over the outer surface of the core in the same direction and 

i!: substantially L"ie same pitch angle as the m~lic wire clement to define a series af second turns eac.h 

disposed intenncdi:u:e a corresponding one of the pairs of the £rst rums or tbe 'Wire element. Uu:: fiber 

element substantially OCGUpies the interstitial area between each of the pairs of the first turns of the wire 

element to thereby preveDt tbc side wall of the core from being extruded therebetwcen as the hose is 

flexe.ci to its minimum bend radius. 

lt is a further featu~ of disclosed embodiment of the invention to provide aJl innermost reinforcement 

layer for a kink-resistant hose adapted for conveying fluids under high pressure. The reinforcemeat layer 

is disposed r2dially circumferemi.ally about the outer swfa.ce of the tubular core of the hose and includes 

at least ono metallic wire element and at lwt on non-metallic:1 prc:ferably synthetic fiber elmic:m. The 

metallic wire element is wound helically in one direction over the outer sumc:e of the core at a 

prcdcccrmincd pitch angle measured relative to the longitudinal axis to define a. series of first tums. 
Each of these first tuns is spaced-apart from an ac:ljaa:at first tum to define successive pairs af nm 
rums each having an interstitial area therebetween. The fiber element, in tum, is wo\Dld helically of the 

outer surface of the core in the same direction and at substantially the same pitch angle as the rnetallic 
I 

wire clement to define a series of second tums each dispose.d inte.nnediate a correspondi.Dg one of !he 

pairs of the first rums or the wire clement. The tibtr element substantially occupies the interstitial area 

between each of the pain of the first 't\lms of 1he wire element to 'thereby prevent The side wall of the 

core from being CX"truded therebctWecn as the hose is flexed to a minimum bend radius. 

,. 
The present invention. accordixlgly, comprises 'the apparatus possessing the consuuction, combination of 

elements, and airangcment of parts whieb arc exemplified in the detailed disclosure to follow. 

Advantages of the present invention include an ultra high pressure hose construction which is flexible 

but also highly kink resistanL Additional advantages include an ultra high pressure hose construction 

which is light weight and affords easy handling, and which has an improved seivic.e life. These and 

other advantages will be readily apparent to those skilled in the art baserl upon the disclosure contained 

herein. 

Brief description of the drawines 

For il fuller undcrstandi.J\g of the nature and objcctS of the: invention, rc:fcrence should be had to the 

following detailed description taken in COMection with the accompanying drawings wherein: 

• Fig. 1 is a side clevatioruil view shown in both axial cross-se.ction and cut-away of an ultra high 

pressure hose c:onruucted iJ;i accordance with the present invention as including an innerrr.ost 
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rci.nforcement layer which is spiral wound _over a tubular core as a composite of metal wire a.'ld 

non-metallic, syntbcric fiber elements; 

• fig. 2 is a radially cross-sectional view of the hose construction of Fig. l lakcn through tine 2-2 of 

Fig. 1; 

• Fig. 3 is an a."Cial cross-sectional view of the composite i.Mennost reinforcement layer of Fig. l 

which is magnined to reveal the ~ils of the st:ructUre thereof; 

• Fig. 4 is a schema.tic, axial cross-sectional view illustrating the orientation of the tl.lms of 1hc 

inacnnost, spiral wound composite reinforcement layer of a hose caastruction representative of the 

present invention as such hose is flexed alllDg a minimum bend radius; and 

• Fjg. S is a comparative axial cross-sectioual view illusm.ting tho oricamiao of the uims of an 

iMtnnost. spiral wound metal ~ reinforc:emtDt layer of a hose consttuction npreaentalivc of the 

prior art as such hose is flexed along a minimum bend radius. 

• The drawings will be described funbcr in connection with the following Detaile4 Description of the 

Invention. 

Detailed description of the inventioa 

Certain terminology may be employed .in the description to follow for convenience rather than for any 

limiting purpose. For example. the tmns "upper" and ""lower" designate directions in the cha.wings to 

which reference is made, with the terms "inner'' or "interior" and 710Uter" or "mmior91 refeniIJg. 

rc.spcctively, to directions toward and away from !he center of the referenced element, and the terms 

"radial" and .,.,axial"' referring. respectively, to directions perpendicular and parallel to 1hc.longitu~ 

central axis of the referenced element. Terminology of similar import other than the words speci1ically 

mentioned above likewise is to be considered as being used for purposes of convenience rather than in 

any limiting sense. 

For the purposes of the discourse tO follow, the precepts of the composite reinforcement layer of the 

invention herein involved are deseribe.d in co.anca:ion with in utilization wii:hi.D .a representative hose 

conS':niction ada.pud particu\vly for use water blast or sewer cleaning. It will be appreciated, however, 

that aspects of the present invention may find use in orhcr hose coc.structions for like ultra high pressure 

fluid conveying applications. Use within those such other applications 'therefore should be considered to 

be expressly within the scope of the present invention. 

Referring then to the figures wherein corresponding reference numbers are used to designate 

corresponding elements throughout the several views, a representative ultra high ·pressure 'hose 

acco:ding to the present invention is shown genera.Hy at l 0 in the cut-away views of Fig. I and in the 

cross-sectional view of Fig. 2. In basic dimensions, bose l 0 extends axially to an indefinite length along 

a cer.rral longitudinal a.xis. 12. a.od bas a select iMer snd outer diameter referenced. rcsoeC'"jvelv, at "D," 
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and Do" in the radial cross-sectional view of Fig. 2. The inner and outer diameter dimensions ma.y vary 

depending upon the particular fluid conveyins application involved, but generally will be batWeen a.bout 

4 - 32 mm for irmer diameter D1, and about 9 - .SO mm for outer diameter Dci. with an overall wall 

thickness, "w," rhcrebetwecn of between about 2,S - 9 mm. 

As may be seeo in die different views of Figs. l .znd 2, hose 10 is constructed as being formed about a 

rubular c:ore, 14. Conventionally, core 14 may be provided as excruded from a thermoplastic material, 

such as a polyolcfin, polyester. tluoropolymer, poJyvinyl cblori~ thermoplastic rubber, or 

polyurethane, or, preferably, a polyamide such as Nylon 12, which is selected for chemical 

compatibility with the fluid being handled. Alternatively, r.ore 14 may be extruded of a vulcani23bli=, 

i. e., thermosetting, natural or .synthetic rubber such as SBR, polybutadiene, EJlDM, butyl, neoprene, 

nitrile., polyisoprenc. buna·N, copolymer rubbers, or blends such as erhylene-propylerie rubber. Core 14 

has an inner surface, J6, defining the inncrdiamererD1ofthehose10, and an ouru surface_ 18. A:s with 

the overall dimensions of hose 10, the wall tbiclcncss of core 14 may vary for the particular application 

envisioned. b11t typically will be bct\Wccn a.bout 0,8 - 2,0 mm. Core 14 may be fanned of a un.iwy, 

single.layer construction or, alternatively, of a composite, multi-layer canstmction. In &uch multi·laycr 

construction. core 14 may include an inner liner. referenced in pbantmn at 19, which is formed of a 

fluoropclymcr or other chemically-resistant material. 

Core 14 is sWTounded by a composite, innermost reinforcement layer, rcfcrenc:cd generally at 20, which 

is disposed radially circumfeimtially about ihe core outer surface 18, and one or more intermccliare 

reinforcement layers, 22. 241 26, and 28, c:ac:h superimposed about the innermost reinforcement layer 

20. M will be deiailed hereinafter, each of the intcnnediace reinfim;ement layen; may be spiral wound .. 
or, alternatively,; bmided or knitted of one or more manotilameat, mptjn1JOS multi-filammc, or short · 

"staple" sttands of a synthetic fiber material. which may be a nylon, polyester, or armnid, a. steel or 

other metal wire material, or a blend therof. With itSpect to spiral wound layers, such layers may be 

oppositely wound in pairs so as to counterbala:ric;e the torsional twisting which may occur when the hose 

is pressurized, a11d also may b~ of the composite construction which is detailed hereinafter in connection 

with lnncnnost layer 20. 

The reinforcement layers, in tum. are sheathed \\ithin a coaxially surrounding outermost layer. 30, 

which is pro"ided as a cover or jacket for hose 10. In this regards. outennost cover layer 30 ma.y be 

cross-head or otherwise exrrudecl. or wrapped or braided over the reinforcement layers as a 

tO - 2,S nun thick layer, tape, or braid of an a~rasion-resista.tit thennoplastic materi2.l such as a 

polyamidc, polyolefm, polyester, polyvinyl chloride, or, preferably, a thcnnoplastic polyurethane (TPU) 

elastomer. By "abrasion-resiSWlt," it is meant that such thermoplastic material for forming cover 30 

has a hardness or duromcter of betWeen about 60-90 Shore A. As with core 14, cover layer 30 

alternatively may be formed of a natural or synlhctic rubber such a.s SBR .. polyb\ltadiene, EPDM, butyl, 

, .. 
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neoprene, nitrile, polyi.sopreoe, silicone, fluorosilicone, bun.s·N, copolymer rubbers, or blends such as 

ethylene-propylene rubber. 

In accordance with the present invention, innermost reinforcement layer 20, is formed of at least one 

metallic wire element, 40, and at least one Don-metallic, prefet2bly synthetic, fiber element 42. each of 

which is spiral, i. e.., helicalJy, wowid Wider tension in a contiguous relationship and in one direction, 

i. e., either left or right hand, over the ourer sumce 18 of core 14. Thar is, ear.h of elements 40 and 42 

may be provid~ as from 1·20, axially spaced-apart, pm.lie] strands or "ends .. which may be 

monofilaments or multi-filament threads, yarns, or tapes. Each of these en~ in r:wn, are individually 

spirally wound as issued from separate spools or bobbins over the core 14 in an alternating, parallel 

orientation lO fonn layer 20. Within the spiral winder, which may have 24-64 czriors per deck. 
altematmg spools of the wire and fiber clements may be employed to develop the composite layer 

stnicture detailed herein. Alternatively, either of the elements 40 or 42 may be first wound in an open 

layer over the core 14. with the other layer being wound in a parallel thercbetwccn. Elemmls 40 :md 42 

also may be co-spooled as separate plies or ends on common bobbins. 

In a preferred construction, wire element 40 is provided as twelve ends ot a DlOllOiihPncnt carbon or 

stainless steel wire having a. gel\erally circular cross-sedion with a diameter of between about 

0,3 - 0,9 mm. and preferably about 0.6 mm. and a tensile stiength of between about 2500-3000 N/mm1
. 

These element 40 are applied at a. pr:detenniued pitch angle, refercoc.cd at e in Fig. 1, measured relative 

to the longitudinal axis l2 of che hose 10. For typical applications, the pitch augle B will be selected to 

be between about 40-60D. 

Particularly. 1he pitch angle 9 may be selected depending upon the desired convergence of strength, 

elongation. and volumetric expansion characteristics of hose 10. In generally, the higher pitch angle's 

result in decreased radial expansion of dlt hose under pressure. but in incn:ased axial elongation. For 

high pressure applications. a "neutral" pitch angle of about 52° generally is preferred as minimizing 

elongation [O about 3 °lo of the original hose length. Alternatively, a pitch angle slightly greater than 

neutral may be employed to develop a radially-inwardly directed force component for more efficient 

load transfer. 

Elements 40. as may b~ seen best in the cut-a.way viow of Fig. !, further arc applied over the ~re 14 at 

less than l 00 % coverage thereof, and preferably al a coverage of between about 95 - 98 %. In this 

way, the ope.o hclbi.- so f'ormed is defined by a series of first tlll'nS. With momenta%)' reference to the 
mllgnificd axial cross-sectional view shown at 43 iD Fig. 3, each of these firsc tuins may be seen to be 

spaced-:lpart by an a'<.ial distance, referenced at "t." ofbel:\\lean about 0,6- l,8. mm from an adja.cent, i. 

e .. contiguous. tum to defines successive pairs thereof. one of which pain i.s referenced at 44a-b. IV.\ 

interstinaJ area, referenced at 46, thereby is dcfin~ between the adjacent tums in each of these p:Urs 44. 

Wich the wire element 40 prefereably being provided. as is shown. as having a generally circular cross-
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sectional geometry, dui int.8mi.tial area 46 defined bcMcc:n 1hc adjacent turns pairs 44 normally will 

assume a generally hyperbolic cross·Se(tional gcomeuy. Wire element 40 alternatively may be provided 

as having a "flat·wirc" construction with a generally rectangular, square, oval, or elliptical eross· 

section. 

Ratuming to Figs. I and 2, a corresponding number of ends of synthetic, non-metal lie fiber elements 42 

may seen to be applied at substandally the same pitch angle e as wire elcmcncs 40 in being wound 

helically in the same direction over the core outor surface 18. In this regard, fib~ clemcncs 42 s1milarly 

form an open helix. defined by a series of scc:ond tuns, one of which is rcferonced at 50. ln accordance 

with the precepts of the present invention., each of these second tums SO is disposed intermediate & 

corresponding pair 44 of adjacent first tums to form the composite structure of the innermost 

reinforcement layer 20 which, with the wire and fiber clements 40 and 42, form& a substantially closed 

layer over the core outer JUrfacc 11. As may be seen best with momentary n:ifmmc:e again to Fig. 3, the 

interstitial area berween each of the first tum pairs 44 is substantially filled by the fiber elements 42. 

That is, with Rspect to the axial spacing of the wire elements 40, the .fiber el=nents 42 are sclecr.e.d to 

occupy. in an uncompresse.d state. a greater cross-sectional area than the infemitial area 46, but co be 

compress&d. by between about l 0 - 60 %, or otherwise resiliently defonnably received., between each 

corresponding first tum pair 44. As is deiailed hcrei.nafter, fiber elements 42 additionaUy are selected td 

be both expandabJc or othcIWisc recoverable, and further compressible between tllm pairs 44 to 

accommodate the tlcxurc of the hose l 0 about a minimum bending Bdius. 

In the preferred construction illustnted herein. each of the fiber elements 42 is provided as a multi­

filament mand. i. e.. yam, thread, tape, or ply of an aromatic Polyamide or "a.ramitf' material having a 

fiber size or "decitc."C." of at lease about 5000, with higher numbers being indicative oE''hcavicf' yams of 

more multi-filaments. AlthoUgh. natural or other synthetic fibers, such as polyesters and other 

polyamides such as nylons, rnay be substituted, an aramid material is preferred as affording. as 

compared to such other fibers, superior load bearing and dime.nsional stability, both radial and axial, 

within the hose constructions herein involved. In this regard. aramid fibers, as marketed corrunr:rc:ia.lly 

under ~c trade-names Kevlar® and Nomex® (B. 1. DuPont de Nemours and Co., Wilmington, DE. 

USA) and Twarcm® (Akzo Nobe~ Amhem.. The Netherlands ). exhibit a relatively high tensile modulus 

or u:na.c:ity of about 190 oN/teX. and a relatively low stretch with an elongation at break of abOut 3 %. 

funhcr in the preferred cmbodimear, 1bc fiber dcmcntl 42 may be wound as having a twist ofberwt.cn 

0 and about 200 tums per meter which inay be in either the clockwise or counterclockwise direction as 

supplied by the manufacturer, i. e., manuf.actu.rer's twist. or as is impaned as the strands are spooled. 

As is known in the art, the fiber twist may be varied, for example, to optimize the flexural fatigue 

resistmcc of the hose or to minimize the hose diameter. For reasons of cost and increased 

compressibility, ·however, it is preff?rred that :fiber elements 42 have no or .,zero,. twist, or a relatively 

low twist of about 60 turns per ~r or less. ==-= . 
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Turing next to Fig. 4, a better appreciation of the functioning of the composite innennost n:infon:ement 

layer 20 of the present invention may be had with reference to the somewhat scbemati~ axial cross­

sectional view or a segment, designated generally at 60. of a length of hose 10 which has been flexed 

alons longitudinal axis 12 to a minimum bend radius, referenced at "r." As may be seen. bend r.idius r 

is defined rclati\IC to t\.lbular core 14 as having an outer diamelrie component, shown in phamom at 

"do," and an inner ~dius component, shown in phantom at"~." As hose 10 is flexed along axis 12 to .is 

minimum bend radius r, lhc side waii 62, of core 14 is locally elongated, as is shown by mows 64, 

along the outer componem do of 1he radius, and is ~ly comractcd. as is .shown by mows 66, along 

the inner component do thereof. Concomirantly therewith tube wall 62, tho spring-like, helical wire 

reinforcement clements 40 arc e:dCDdcd along the out.or diameter af the Iadius,, such that the axial 

spa.cingt refmn= at "t", between adjaceat turns 44 is increased, and arc conuactcd along the inner 

diameter of the radius, such that the axial spacing, .referenced at "l," between adjacent tmns 44 is 

decreased. Tho fiber ~ 42., however, in being rasilieady =npressibly mceived bPeen. each tum 

pair 44, are able to expand or otherwise reeover at least a portion. of their original cross-sectional area 
in a>ntinuing to occupy substantiaHy the entirety of the intcrSl:itial area 46 between the tum pain 44 

along the outer diameter af tho band radius. Additiaaally, 5ber elements 42 are fiirther compressible 

betwetn each turn pair 44 t.o accommodate the contradiction thcrcof alona the inoer diamctcr'otdic bend 

radius. 

Without being bound by theory, it is believed that with the axial spacing betwccn adjacent wire toms 44 

being filled by the recovezy of the fiber elements 42., the core side wall 62 is retained wi1hin the 

innermost reinforc:eme.ut layer 20 tD thereby ininimize "lcinlring,"' i. e.. the c;ollapse of core wall 62 

resulting in the constriction or complore blockiDg otthc hose inner diameter. That is, with tluid prcsswt 

within the hose exr:n:ina. as is shown by the arrows colle«ivdy ~= at 70, a radially outwardly 

directed force on the core side wall 62, extrusion of tho core between the wire turns 44 is prevented by 
the fiber elements. Moreover, with the fiber clements 42 being further compressible along the inner 

di:wetric component. of the bend radius, smaller adii ultimately may be achieved as compared to 

convC!ntional hose constructions utilizing an innermost reinfor=neni layer . which is spiral v.1ound 

entirely Of met.3.1 wire clements. Thw, the composite reiDforccment Sb'Uct\lre of die present in11ention 

allows hose constructions with improved suuctural i.otegrity without sarnficing flexibility or high 

pressure pcrfonnance. 

By way of comparison, reference next may be had to Fig. S, wherein a segment of a representative 

conventional hose construction is shown generally at 80 as having an innermost reinforcement layer, 82, 

wh.ich is spiral wound entirely of metal wire elements, 84. A! before, as the hose is flexed along a."<is 12 

to is minimwn bead radius r, the wire reinforcement clements 14 are extended along the outer diarnetcr 

of the radius. and are contracted along the iMer cliamater of the radius. However. with no fiber elemenLS 
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to fill the elongated axial spacings l along tlie ou[er bend diam~r. localized areas of stress 

concentrations may be developed with the potential for extrusion of the core 14 between the turns of lhe 

wire hc:lix. Although the axial spacings may be decreased wi~, for example, a closer wimting of the 

wire elements 84 to improve kinJc-resistance, such improvement is at the sacrifice of decreased 

flexibility and increased weight. 

Indeed. wilhin commercial hose constructions having a nominal inner diamet.er of between about 

4 - 32 mm and a nominal outer diameter of between about 9 - SO mm. bend radii of between. about 

60 - 400 mm have been achieved at pressure ratings of over 100 MPa. using the composite innermost 

reinforcement layer of the present invention. Such radii are almosc twice as tight as would be expected 

using conventional reimbrcemcat tcc:bno1ogy, and may be attained with SO % less weight as compared 

to an all metal wire innermost reinfofcemem layer c:onsuuaion. In this regard, the per.£mmancc of hoses 

using the composite round wire and ar3mid fiber reinforcement of the present invention can approach 

that of sr:a.te-of·the-a.ri "flat-wire" reinforced hose, but with lower cost and finer production 

capabilities. 

Rctuming to Figs. l and 2, intermediate reinforcement layer 22 may be seen to be provided, preferably, 

as an open layer which contra-helically woUIJd at a reverse pitch angle, referenced u e·, ot preferably 

betweca about -40° to -60° over iDntnnost layer 20 from one or more ends of a UDtWisted aramid fiber 

yam or tape, such as an 840 decitex, Kevlar® type 1000 (DuPont). In being spi~ wound over 

innermost reinforcement layer 20 in an opposite direction, intennediate fiber layer 22 both stabilizes 

preceding layer 20 aJid produces a c.mier for succeeding layer 24. 

lntcnncdiatc layer 24. m. rum. preferably is 'Provided as a closed, geoerally incompressi"ble spiral layer 

which again is laid over layer 22 in the opposing direction. For maximum load bearing capabilil;y, layer .. 
24 is wound from steel wire having. for cxampl~ a diameter of about 0.6 mm and a tensile strength of 
bctWeen about 2500-3000 N/nun'l. 

lastly, intermediate layers 26 and 28 may be womui, llgain in opposing directions, as open spiral layers 

from a stranded wire maierial which may consist of, for example, four suands of a. 175 nun diameter 
steel wire. Such Jayers provide additional load bc3ring capability and kink-RS.islancc, and also provide a 

foundation for the bonding of the outccmost cover layer 30. The result, l!ltimately, is 811 efficiently 

loaded hose structure 10. 

As wound in opposing directions over innermost reinforcement layer 20, i~ate l&yers 22, 24, 26, 

and 28 may be disposed at the same or different absolute pitch angle. In this regards, it is known that 

the pitch angles of respective reillforcement layers may be varied to affect.the: physical properties of the 

hose. In a preferred conmucti.on. however, the phch. angles of reinforcement layers 20, 22, 24. 26, and 

28 3.J"e provided to about th1; same, but as reversed in successive layer.;. 

ln a preferred embodiment. hose 10 is provided as an entirely thermoplastic construction affordjng 

generally higher strength and chemical resis-..a.nce as compared to rubber hose. In this regards, the use of 
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a combmation of steel and a.ram.id reinforcement laye~ advantageously dispenses wirh the need to 

provide sepaza.te adhesive or vulcanization layers to prevent the rcinfol'CQl\Cnt layers from unraveling 

and to assure load transfer. Maximum flcxibiliry thereby may be maintained even for constructions 

designc.d for use at relatively high opera-ting pressures. 

Thus, an illustrative hose c:onsttuaion is described which n:suhs in efficient load transfer between the 

respective componcni layers thereof Such a construction is particularly adapted for high pressure 

applications, and,_ as a result of a umque innermost reinforcement layer construction, exhibits greater 

fle..'ICibility and kink resistant at ~ weigh!: than the high pressure hoses hererofon: known in the art. 

Although the illustrative hose construcrioa 10 has been described wherein the composite reinforcement 

of the present invention is disposed as an irmennost layer about core 14, other anangements may be 

envisioned based upon the disclose coatained herein. For example, two or more composite reinforcement 

layers may be provided either as innermost or .intcrmcdfare layers. In particular. one or more 

intermediate reinforcemenl layers may be interposed between the core and a first c:omposite layer and 

without dcpaning from the s~pe of the invention herein involved. 

A3 it is anticipated that cerr.ain changes may be made in the present invention without departing ftom the 

precepts herein involved, it is intended that all maacr contamed in the foregoing description shall be 

inteTJ)reted as jllustJative and not in a limiting sense. All rtferences cited herein are expressly 

incorporated by n:fcrencc. 

iliillii[f ii~lii 
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WhaI is claimed is: 

l. A kink-resistant hose adapted for conveying fluids under high pressure ha'Ying a select Diner and 

outer diameter and cmnding to 1n .indefinite length aloog a canual longit11diaal axis. said hose 

being flexible intermediate md longitUdinal axis lO a minimum bend radius baving an outer 

diametric component and an inner diametric componCllt, and comprising: 

• a tubular core having an inner surface defining !he inner diameter of said hose and an outer .swface; 

and 

• at least one composite reinforcement layer disposed radially circumferentially about the outer 

surface of said core, said composite reinforcement layer being formed of: (i) at least one metallic 

wire element wound helically in one direction 011er the outer surface of said core at a predetemtined 

pitch angle measured relative to said longitudinal aJtis in a series of first turns each being spaced­

apart from an adjacent Erst tum to define an interstitial area cbercbetween; and (ii) at least o.oe non· 

metallic fiber element wound helically in said one direction over the outer surface of said core at 

said prcdetennined pitch angle to define a series of second turns each disposed intermediate ~ 

liliiffi1ilrr 

"' 
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c.orresponding palr of adjacent said first turns, said fiber element being compressed bei:w=n each 

said corresponding pair of said :first turns, 

• whereby, as said hose is flexed to said minimum bend radius, said fiber element is expandable to 

substantially occupy the interstitial are betWeen each said corresponding pair of said first turns 

along the outer diametric component of said bend radius effective to retain said core within said 

composite mmorcement layer, and said fiber element is further compressible ber:weeo each said 

corresponding pair of said fim turns along the inner diametric component of said bend .radius. 

2. The hose of cJajna l wherein said interstitial area between each said palr of said fiBt turns has a 

generally hyperbolic cross-sectional geometry. 

3. The hose of claim 1 wherein each said wire e1emmt is a monafilamcnt strand ha'Ying a generally 

circular cross•scctional geometry. 

4. The hoso of claim 3 wherein each said monofilamcnt strand bas a diamater of ber.ween aboin 

0.3- 0,9 mm. 

5. The hose of claim 3 wherein each said monofifament strand is formed of a sreel nw.erial. 

6. The hose of claim 1 wherein each said fiber e!emenr comprises one or more muhi·filament strands 

each having a decitex of at least about 1100- 8800. 

7. Th~ hos~ of cla.Un 6 wherein each of said multi-filament strands is fonned of an aramid material. 

8. The hose of claim 6 wherein each of said multi.filament strands has a. twist of between 0 and about 

60 tums per meter. 

9. The hose of claim l wherein said pitch angle is bmveen about 40·60°. 

10. The hose of claim l having an inner diameter of between about 4 - 32 man, an outer diameter of 

beiween about 9 - 50 mm, and a minimum bend radius of between about 30 - 180 mm. .. 

l l. The hose of claim 1 wherein said core is fonnM of a thcnnoplastic znaterial select.ed from the group 

consisting of polyamidcs, polyolefins, polyvinyl chloride, polyurethanes. and copolymers and blends 

thereof. 

12. The hose of claim l wberei.ll one said composite reinforcement layer is disposed as an innermost 

rcinforcemeac layer about said core. 

13. Tue hose of claim \2 funher comprising one or more i.ntennediatc reinforcement la.yers wound in 

superimposition about said iMermost reinforcement layer in a direction opposite to the precedllig 

reinforcement layer. 

!4. The hose of claim 13 wherein each of said intcnnediare reinforcement layers is formed of one or 

more monofilament or multi-filament mands of a material selected fi:om the group consisting of 

nylons, polyesters, ar.imids, metal wires, and blends thereof. 

15. The hose of claim l further comprising an outennos·t cover coaxially surrounding said 

reinforcement layer. 
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16. Tne hose of claim 15 wherein said cover is formed of a material selected from the group consis:lng 

.of polyuretba.nes, polyarnidcs, polyolefiris, polyvinyl chloride, polyumhanes, rumiral a.'ld synthetic 

rubbers, and copolyrne:-s '2.DC blends thereof. 

17. The hose of t\aim 16 wherein said material bas a hardness of between about 60-90 Short A 

duromcter. 

l &. A composite reinforcement layer for a kink-resistant hose adapted for conveying fluids 'ilnder high 

pressure, said hose being flexible intenncdiate a central longitudinal .,Os to a minimwn bend radius 

having an outer diametric component and an inner diametric component, and including a rubular 

core having an inner su...f.a.ce defining the inner diameter of said hose and an outer surf.aa, said 

composi:te reinforcement layer being disposed radi:Uly cin:umfcrcntially about the outer surface of 

the core and comprising: 

• al least one metallic wire elemem wound helically in one direaion over the outer surf.ace of the core 

at a predetcnnined pitch mgle nu::asured rela.tive to said longitlldi.nal axis in a series of first turns 

each being spaccd·apart from an adjacent 5m tum to define an intemitial area th~rcbctwccn; and 

• at least one synthetic, non-metzll.i.c :fiber element wound helically ln said one direction over the outer 

surface of the core at said predetennincd pitch angle to define a series of Second turns each 

disposed intermediate a corresponding pair of adjacent said fast turns, said :fiber element being 

compressed between each said corresponding pair of said fim P.ims, 

• whereby. as the hose is flexed to 1ts minimum bend ndius, .said fiber elemenI is expandable to 

substimtially occupy the interstitial area between each corresponding pair of said first turns along 

the outer diametric component of said b=id radius e.ffective to retain the core wi1hin said composite 

reinforcement layer, and said fibre elemem being further compressible between each s~d 
com:spoDding of said bmd radius. 

19. The reinforcement layer of daim 18 wherein said interstitial area between each said pair of said 

first rums has a generally bypctbolic cross-sectional gc0mctry. 

20. The reill:forcemont layer of claim 18 wherein each said wire element is a monofilame:nc str..nd 

bavmg a generally circular cross-sectional geom.."tr)'. 

21. The reinforcement layer of claim 20 wherein each said mODofilame:c.t strand has ~ diam~r of 

b~ecn about 0,35 - 0,85 mm. 

22. The reinforcement layer of claim 20 wbcreiD e:ich sajd monofilament mand 1s formed of Ste.el 

mat:rial. 
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23. The reinforcement layer of claim 18 wherein ·each said fiber element comprises one more multi­

filameat strand is fonncd of an aramid material. 

24. The reinforcement layer af claim 23 wherein each of said multi-filament strands ls fonned of an 

aramid material. 

25. The rein.forc,emeat layer of claim 2.3 whetcin each o! said multi .. filammt strands has a twist of 

between o and about 60 tmDs per meter. 

26. The reinforcement layer af claim 18 wherein said pitch angle is between about 40-60°. 

27. The reinforcement layer of claim 18 which is disposed as an innermost reinforcemeut layer about 

the core. 

·' ·o1· ' •• 
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