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of the invention. The present invention relates to a

wo b@gilbises hose or pipe reinforced by neans of PCT/ERPHS$/051858
one steel wire. Background of the invention. In the
art of flexible hoses or pipes, several attenpts have
been made t o either decrease the dianeter of the hose
or pipe \Ahlﬂc@\ﬁﬁuﬂew mgwénevawm HOBE HE1 0FOR AN
equal or t 0 keep e dlaneter of the hose or pipe
const ant ' i he anmount of reinforcenent.
I n both cast® mbtesl inenies relatestieal fleg tredsosaior hlph|rglht§>rced by
tensile strapgihs have HeeReditigd. Up t o now and in
big contrast wth rubber tires, however, tests with
hoses’ or pi pes having steel cords and st eel wres with

hi gher tensjﬁgﬁh@j@Mﬂgt been successful.

Applying a st rel n
EPUB1- 07700 5 4 "RLle bad FHIRL boRe ASfib3AG0 bien made

steel cor dsto i4er iﬁ’%"%ﬁéﬁ the %"’“l’?f”‘teir gathe oRe CLPRGMALK Keshing the
t he hi gher #masi loerdibréeasspatorito kbasthe dantetpi ¢fabe hose or
but, Oat t hepl?%% {a'n%’hll@%%rqu% 9%3 anl't]%f Fe‘?ﬂ%]clatﬁent In both

st rengt h of W res or cords ry

of the i nve?ﬁs%ﬁtee'l‘{““?Ssma?‘ie%ﬁf’ré*ét‘””@fh'qf}?éf‘iﬂse%%tﬁ?”gths have

I nventi on tbéenavied.dup heno anbhackig cofitrdshevitprriloyer airds, hbwever,
i s anot her t%?’!s%{h i seé '3? |?£se§a%rng étQé’i%mo‘ls%ﬂdts e fqv%é \gﬁh

a hi gh-tensi f & Nt or cement 1N exl b oses

and pi pes. 'I“ﬂh‘?@e’as"? SHERERS Bpjerat bgen F‘FFéeiff‘esé‘ﬁP'y‘”g a stress-
| NVETR i on t refevitRCir €ABEnt dediscidsed MAEP-@il-aMEdoe349ab the higher

flexi bl e Noaesiath RiRES: Webls, HEEpRISS BmhlG:ARUN

of reinforcene
drawbacks of the higher tensile reinforcement in hoses and pipes but,

at the same time, has decreased the tensile strength of the steel

wires or steel cords.
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Summary of the invention.
It is an object of the present invention to avoid the drawbacks of the
prior art.
It is another object of the present invention to provide a high-tensile
25 steel reinforcement in flexible hoses and pipes.
It is a further object of the present invention to decrease the external
diameter of flexible hoses and pipes without decreasing the amount of
reinforcement.
[t is an alternative object of the present invention to increase the
30 amount of reinforcement in a flexible hose or pipe without increasing
the external diameter of these hoses or pipes.
According to the invention, there is provided a flexible hose or pipe
reinforced by means of at least one flattened steel wire. The steel
35 wire has following features :

- a thickness-to-width ratio t/w below 0.95,
- a tensile strength R, exceeding 3500 — 2000 x d, where d is the
diameter of a circle having the same cross-sectional surface and



It is an alternative object of the present invention t
0 increase the anount of reinforcenent in a flexible
WwWhome/1a884@i pe Wi t hout increasing the external POCHRER1005/051858
of these hoses or pipes. According t o the invention,
there is provided a flexible hose or pipe reinforced
by neans of at |east one flattened steel wire. The
steel wire has followng features : - a
thi ckness-to-width ratio t/w bel ow20.95, - a tensile
strength R, exceeding 3500 - 2000 x d, where d is the
di anmeter of a circle having the sane cross-sectional
surface andwheeer Ns bspresspd @serg in MPa, - a permanent
el ongation at maxi mum | oad A9 of .at |ea 3 % o
mter of prefabie RERree Trefhraffih Lhedlo ¥4
has natural edges. The terns "flattened steel wire

W t h nat ur ahs @G@RE&T of leBiratlle Oxdnfib,ahe SRl edWde® wirdthb€ Ratural
has bseen rol | ed

tween . raolls,: .such a.steel wr
hae toon | opde, 80 S Sl vy B YED el Roagplfefer 1o
referred t Hatzteahavirgr whice dgebeensiofesebeiwedroiverchas deken steel

exerci sed t RREBas MEHA KRR Iwd rédndbi@aglsSWARK Bre referred to
bet ween the_two

) fllat sides. The V\{’Iedtbh Wis Ih(g Ionggﬁ,t
cross- sect i BhATVER EPHFC AN B WS P PRS*PSRALE™~ The
edges. |t htdcknassensdmerdistanpebeiwedi sivoirer flatslesedbomidth w is

for tdhe | acke0bngddt 6888 s&iohhIANEndeBRShéh Wb iR rd/Mded edges.
cords in hoses and pipes. Initially, the |lack of

success was attributed t o the phenonenon that higher
tensil e w r Bhaartaenmoa eviinh e8r dibdomert tharrearon e the dankidi @uccess

wires t o | gt 1&R0 dfbs B 68 inWokéLaddiSes, Initially, the lack
phenomsnon IS true enera olnt o

A fro H a | f Vv .e ] | t « «
i's not the PlHSERSHGE 4H ”tlegé%ﬂlﬁp g ihﬁthgﬁlg(ri tgsile wires
hose® and paesere Aglmeratiierthart vortriabtensileewitesrts |atetag coraadt

reason is to08 WaHRAnik Bréheh S8k ILRsd, Mbnd gbhdrhitpbin®lof view, it
hi gher tensjle st

hi gher the tsé}%itWegr%éf%mefhgf"}?ag‘g‘h%tsl%g‘%ﬁég P”[f?é‘ib&tﬁ‘?si%is g pipes.
The fl att enAsmgrdifg to the inventors, the real reason is to be found in the
decreasing ductility of higher tensile steel wires and steel cords : the
20 higher the tensile strength, the lower the ductility. The flattening of
round steel wires, e.g. by means of cold rolling, increases the ductility
substantially while only slightly reducing the tensile strength. This
phenomenon, known as such under the name of Bausinger effect, is
now applied 1o higher tensile steel wires for hose and pipe
25 reinforcement.
With a thickness-to-width ratio t/w of below 0.95 a substantial
increase in ductility is already noticed. The lower the thickness-to-
width ratio t/w, the higher the increase in ductility. So a t/w below
0.90 is better than a t/w below 0.95. Generally, the t/w ratio may
30 range from 0.20 to 0.95, e.g. from 0.30 to 0.85.

Generally, the thickness t may range from 0.15 mm on, e.g. from 0.20

mm on. The width w may range up to 1.50 mm, e.g. up to 1.30 mm.



round steel wires, e.g. by neans of cold rolling,
i ncreases the ductility substantially while only
W@ kiaoghodsys r educi ng the tensile strength. Thi s PCI/EP2005/051858
phenonenon, known as such under the name of Bausi nger
effect, is now applied t o higher tensile steel wres
for hose and pipe reinforcenent. Wth a
t hi ckness-to-width ratio t/w of below 0.95 a
substantial increase in ductility-3s already noti ced.
The | ower the thickness-towdth ratio t/w, the higher
the increase in ductility. So a t/w below 0.90 is

better thanyg fdspedied awsle &5eng%‘%rtahéll}é,strbh@chtdmvb‘xbﬁdir@
may range from Q.20 t

General Iy, A&~ tthpgl’(‘ﬁje'gg Wq\%'&/d %’atﬁ'ﬁéj afmrg (8 %mle%a"%g the
e.g. from Gad@ casscrctidffabsufage.ns valledya ghhdensiip sirength- 56

nm e.9. URehdle it tﬂﬁhﬂ%&d’@%@%@t- 3000 X & W®h li€called a super-
st rengt hs, a t%né%g% strength Rn exceedi ng 3500 - 2000

x d RPa vvhé'i‘gé‘ Pl $HE9 ameter of a circle having the
same Cr 0ss-A seeitd areabttsBy éaeaiing $300at PP xnd MPa, is called an

hi gh-tensi | [BNGhdie Hehshsi | € strength Rm exceeding
2000 - “2o00 TP iofighcte sftehGRS! | super hi gh- tensile
strength. A tensile strength n exceeding 4300 - 2000 x

d MPa, is crieliegnéon apdlieabothithh spicahesi haes andiogirhided heses. A
Ibnvqgt i on %th@ﬁ%é%%sgalgh%sSgh{o%eﬁ%nhwﬁgsgwﬁ‘ﬁ‘q thiclkhess t below
rai

ed hose rail hose usual r}/ h
r ei nf or cenehtd fiM-89\f PHa'sd PATecieHBY S rﬁ'é fosRME i gy Ith @
and a spir ahrkhdioseecluswatd ymhas rei nforcenent wres
with a thickness t below 0.75 mm The rratrix mat eri al
of the hoses may be rubber, thernoplasti
pol yur et hantheag ¥ et ¢riak &t thgyhoggs 'H%’S'Bpr f”ﬁf’?r HnesT oRipdic:
dr awsngs. Towyurétveid aranhwiikd. now be described into
nore detail with reference to

Brief description of the drawings.

The invention will now be described into more detail with reference 1o

20 the accompanying drawings wherein

- FIGURE 1 is a cross-section of a flattened steel wire ;

- FIGURE 2 is a cross-section of another flattened steel

wire ;

- FIGURE 3 is a tensile diagram explaining the different
25 elongations ;

- FIGURE 4 compares a prior art hose with an invention hose.

Description of the preferred embodiments of the invention and of

30 a comparison with prior art embodiments

A prior art round wire has a limitation concerning the efficiently used
space. Indeed, the space occupied by a round wire with diameter d is
equal to d? whereas the reinforced area is only mi2/4, so the degree
of efficiently used space amounts to w4 = 0.785.

35



t he acconpanyi ng drawi ngs wherein FIGURE 1 is a
cross-section of a flattened steel wwre ; FIGURE 2 is

W@ 205068846 secti on of another flattened steel WEEBEP2005/051858
FIGURE 3 is a tensile diagram expl aining the different
el ongations ; FIGURE 4 conpares a prior art hose with
an i nvention hose. Description of the preferred
enbodi ments of the invention and of a comparison with
prior art enbodinents A prior art-4ound wire has a
limtation concerning the efficiently used space.
I ndeed, the space occupied by a round wire with
fj;agﬁlt er dg/TZ(S ﬂgru?rlt rdun@ vl lg\’h?ﬁ %&?p&rb@ \M'tlﬁlarffrstrﬂw&in&f ®Re 10

y o) re ef fi1cient

amounts t G° 39 mh'gGggg %Jf&tgnecjrw'é? arhfa s%éﬁd%ﬁ%s??@ﬁh%
now conpar erdnwnti la vedthjw gt 0. ﬁpemmenéelﬂw i raifp igea4HEnA-803.

in FI GURE e EL@&&;%&QOW% QectéhgtAis RiibiiicdeNedPOB ndh2, while
0.485 mm and a w dt

is ejual t ®° E?”ﬁ?)@ed "r"r?é '%ﬁgf‘g%g'"br e tg“]e $H§9r0g8 f'c'emi?y used
in dott ed |spa@san qinfs RIB8HNLhich istdréaser than FfeihﬁfC@iSQ:efoﬁ prior art
area is ogg@%m Sothe degree of efficiently used
space anmounts to reat e an

case of a pf%t@Pe‘éWtre18ma”9\ﬁ“faé ed&‘f" 1a2t %&E wPéChﬁe gedges
nat ural eddesebXy rahidg 22bynddied lwirgrtetwdee tedgelts Vf'thOPﬁed

by ngl l'ing @4 Q4R 1Rl Eﬁgtléf\ﬁld\nﬁlnbﬁ&h\’\ﬁ)ﬂﬂn b¥Rehdbdis to the action
wi t hout obstructing the plastic flowin a direction

per pendi cul %N ™ ©H& action of the two rolls. The
conmparison with a prior art round wire is continued

wi th the help cgﬁwpglj s(a'ﬁﬁthza pmtatrﬁnﬁ% Wirk 6s efhtiR@& With the help

t hi ckness t of mm and a
of FIGURE 2 F]attened wire 20 has a thickness t of 0.310 mm and a
15 width w of 0.853 mm. So the t/w ratio is equal to 0.363. The surface

area of the rectangle in dotted lines is 0.26443 mm?2, while the
reinforced area is 0.247 mm2. So the degree of efficiently used space
amounis to 0.934, which is greater than in the case of a prior art
round wire and greater than in the case of FIGURE 1. The smaller the

20 t/w ratio, the greater the degree of efficiently used space.

A flattened steel wire may be manufactured as follows. The source
material is a wire rod with a steel composition along the following lines
. a minimum carbon content of 0.60 %, a manganese content ranging
25 between 0.30 and 0.80 %, a silicon content ranging between 0.10 and
0.45 %, a maximum sulfur content of 0.04 %, a maximum phosphorus
content of 0.04 % and possibly micro-alloying element such as nickel,
chromium and vanadium in amounts ranging up 10 0.40 %.
The wire rod is drawn until a diameter of 0.35 mm. Thereafter, the

30 drawn steel wire is flattened between a pair of rolls.

The degree of drawing, the steel composition, the number (if any) of
intermediate heat treatments and the degree of flattening determine
the final tensile strength.

35



width wof 0.853 nm So the t/wratio is equal to
0. 363. The surface area of the rectangle in dotted

WO 2008808836 0. 26443 MR , while the reinforced aPEHEPH05/051858
0.247 mm . So the degree of efficiently used space
amounts t o 0.934, which is greater than in the case
of a prior art round wire and greater than in the case
of FIGURE 1. The snmaller the t/wratio, the greater
the degree of efficiently used spate. A flattened
steel wire may be manufactured as follows. The source
material is a wre rod wwth a steel conposition along
the followimgt!lines : a m ninum carbon content of 0.60

% 2 mngangse SO0LENLed aNclng, BEbNRED, QiR §aSne

% a silico
a maxi num sigd wrfe@bﬁﬁérﬁrtmof 0.04 % a maxi mum

phosphorus content ofa : %"@‘ﬂiaﬁ/@rﬂrﬁtﬂurﬁmﬂﬁ&l&hb% Haf Q383 mm
al | oyi ng el ement SUCE /n!fl%[ge?nh/ﬂg u]r:hﬁ %%kHessqq)g Ovsqg

i n amounts ranging u
until a diameter of @. 3‘51"/ﬂﬁ11ﬂ€ﬂmrle‘é'f t@knei{sﬁe@f Qr%?ﬁ/n“m

steel wire 'Ifh%sé atd ﬂﬁ?éih r@etié@?&@ rav Bédn &leléd){d ﬁreeT&]ﬁerent

(L1 any) . of oV el SrENEae T BaL AR PA T

degree of fteadiedHNngratothewing nred aheltar kal ‘fetnéli%NFE ) strength
st rgg@gt h. Tq,§,];e Thr ee di fferent degr ees of flattening
have been applie ound steel wire of 0.35 mm.: A

. 5% 1 att elieRg’ St SefeRnaCtafmgp i Benaidty Mohsygfs for
flatteni ng alndasés aridi lderbess com pdred wBh Sherfly Gilue dijsmparable
flatteni ng Wptd kirdddi ckness t of 0.300 mm These three
flatteni ng degrees have been applied t o three

different levels of tensile strength : a nornal

t endlisl e ( NThabit t kevgtdvensyremadzehitigghteents. | e ( HT)

strength wire and an ultra- high tensile (UHT)

retnﬁ%h W|re a high-

strength

Table 1

Degree of
flattening 4

Normal tensile
NT
(Agin %)

High-tensile
HT
(Ag in %)

Ultra high-tensile
UHT

(A, in %)

A:5%

1.13

0.66

B: 10%

1.22

C:14%

1.38

Ref : round wire

0.90

0.70

0.65

20

25

The data in bold refer to embodiments of the invention.

The permanent elongation at maximum load A;must be distinguished

from other elongations such as the total elongation at fracture A,.

In

order to clarify this, FIGURE 3 gives a schematic drawing of a tensile

strength — elongation curve 30 with various parameters that can be

determined with the help of curve 30.

Abscissa is the elongation € (%) and ordinate is the strength T (MPa

or MegaPascal).

- Rm (MPa) is the tensile strength

Following parameters can be derived :




wire. The permanent el ongation at maxi num | oad A9 has

been neasured for all cases and has been conpared with
wao bh@sAgsy@l ue of conparabl e round wi res. Tabl ePAI/EP2005/051858

her eunder summari zes the results. Table 1 The data in

bold refer t o enbodi nents of the invention. The

per manent el ongati on at nmaxi mum | oad A nust be

di sti ngui shed from ot her el ongations such as the total

el ongation at fracture At . In order to clarify this,

FIGURE 3 gives a schematic drawing of a tensile

strength - elongation curve 30 with various paraneters

that can be deter mi negviv) tiditHeheeid edrgngl aCoLRVE p3fnanent
Abscissa is the el (?%&agi on e (%9 and ordinate is the
strength T (MPa or® 6 Phscal ). Follow ng paraneters
can be derived : RiogNMap) isshe hieldtstiespiheat Ot Hlehrgrenparem
(MPa) is the yiel dygigagitgt h at 0.2 % per nanent

el ongation o, 0i ( i.s the vyiel trength at. 0. 01 %
per nenent el ohgat il\@?il/‘ﬂds f%p%r%alﬂeﬁ‘ge%@%’aﬁr'g%éiﬂpax'mum thad
el ongation at- maxi A lisoae pArqedage slonbetiquetise fitagiyes

el ongation after fgaghug %ﬂerée%adeﬁoiaﬁ‘@loﬁﬁit%rﬂta&@ture
total elongation at fractuyre Euil\/P) [ g e nodul us of
elasticity. So theEM'fGSés A4 “Ss%ﬁllﬁsg?' ¥ han the

val ue of AtSa thRekerdf Mg isbamcklet then Tabyvauelof At is known
and fhphe results in the Table confirmthis, that an

7 St 09 Aatd Bk S P PRSI iy
sinply confirm this, that an increasing tensile strength lowers the permanent
elongation A; at maximum load. This is the reason why simply
increasing the tensile strength has been unsuccessful up to now in the
15 reinforcement of hoses. Flattening round steel wires, however, lead
to higher values of the permanent elongation A, due to the already
mentioned Bausinger effect. So the combination of increasing the
tensile strength R, together with the flattening of steel wires enables
an efficient and improved reinforcement of hoses.
20
A hose according to the invention may be manufactured as follows.
An inner liner is extruded around a mandrel. A reinforcing layer of
flattened high-tensile steel wires is made around the inner layer. This
can be done either by means of a braiding machine or by means of a
25 spiraling machine. The reinforcing layer is possibly followed by one or
more intermediate layers and other reinforcing layers. A hose may
comprise from one to four or even more reinforcing layers. The radially

outer reinforcing layer is extruded by means of a cover layer.

30 FIGURE 4 compares a prior art hose 40 with an invention hose 42.
Both hoses have the same sequence of layers.
Prior art hose 40 has an inner liner 402, a single reinforcement layer
404 and a cover layer 406.
Invention hose 42 has an inner liner 422, a single reinforcement layer

35 424 and a cover layer 426.



increasing the tensile strength has been unsuccessf ul
upt o nowin the reinforcenent of hoses. Flattening

wo owadossteel w res, however, lead t o hi gher vBCT/ER200$/051858
t he permanent elongation At , due t o the already
nment i oned Bausi nger effect. So the conbi nation of
increasing the tensile strength Rn together with the
flattening of steel wires enables an efficient and
i nproved reinforcement of hoses. A7hose according t o
the invention may be manufactured as foll ows. An inner
liner is extruded around a mandrel. A reinforcing

| ayer dof hf | Bt cﬁﬂ&‘ldnéﬂ Qshweirﬁﬂﬁzi th@ 15fceeliedih tRS tyips dgade
around the inner layer_.This can be n j

nmeans of a rl‘f’rmg?raff"ﬁeg el 9 gshéjf’e ﬁi())/%ﬁggr]g%rg%fks’émg%?sr%{I_r?unnéj steel
machi ne. Theirgsewif adigimeter 1086eh M, $¥heESs iPYIONdIFORe$ by
Ione or ”Rr ﬁréirﬂ&r@éd@ﬁh@ﬁ@s bfﬂ%};@{eﬁe@%emik&;wifﬁhmfﬁia{’r@'bsﬂgof
ayers. 0 may c tise frojp.one t r _or _even ..
nor e ¥ ei nf o?'gﬁ%ﬁ‘"rgvggg’fdﬂﬁﬂemroa Party T%B'te %ﬁlereunda fiEhtions
r ei nf or ci ngtheaiiskndsseseofttheidertbulsyeyeesadns dfthe aeyyeyated

| ayer. FlI GUREnh&iefONMpares a prior art hose 40 with an

i nvention hose 42. Both hoses have the sanme sequence

of layers. Prior art hose 40 has an inner liner 402, a
single rei nfarleenent | ayer 404 and a cover |ayer 406.

I nvention hose 42 hgs—am pRgFcdi hd@er 22¢, a [5wB&fién hose
rei nforcement |ayer {424 and a_cover lgyﬁ[ 426, The
di fference between t|hdNickRese ayBeymuiated | nThig@ess, jd\epimulated

rei nforcenment. Prior|l argmnrhose| 4@iansetérei nf ogreepl by diameter
means of round steel| wires wth B(an ameter 0.56 MM mm
whereas inyention hase 42 is fein n?rpd by _neans lof

flattened bteel Wherds witH5a85{hi ckn®8§35{ of 95880 nm 9525
and a VVI dt h wotdfmd?erd53 mm . Tabl e 2 heretnder nent|i ons
;Eiutnuh: gfgfiﬁi‘;@@g;? vapteprrayes e ot 15525
Reinforce- 2x4x0.37 15.485 2x4x031 15.005
ment layer
Cover layer 1.2 17.885 1.2 17.405
10
1t can be derived from Table 2 that the reinforcement layer of an
invention hose has a decreased thickness due to the use of flattened
steel wires. This decreased thickness in reinforcement layer leads to
a reduced outer diameter of the hose and to a reduced amount of
15 rubber. In the case of Table 2 a reduction in amount of rubber of

about 3% has been obtained.



Table 2 It can be derived from Table 2 that the

rei nforcenent |ayer of an invention hose has a
waelewsaassed t hi ckness due to the use of fl attenkdI/BP®e$/051858

wires. This decreased thickness in reinforcenent |ayer

| eads to a reduced outer dianmeter of the hose and t o

a reduced anount of rubber. In the case of Table 2 a

reduction in anmount of rubber of about 3% has been

obt ai ned. CLAI MB 1. A flexible hose or pipe reinforced

by neans of at |east one flattened steel wire with

natural edges, said steel wire having - a

t hi ckness-t@aMidth ratio t/w below 0.95, - a tensile

strength Rln exceeding 3500 - 2000 x d, where d is the

di aneter of a circle having the sane cross- sectional

surface and'-wAdlexibiR Hose expip@ saiEerchh by/megans ofat jeashrafent

el ongation at feeHef el @rd whf rRturatedgegst 0.70 % 2. A

flexi_ble hose qr pipe as in claiml1, wherein said

tensPl e stren@?'%s‘%ill"i"ee F&€s 4300 - 2000 x d. 3. A

f1 exi bl e hose- arthigknrss-ds-Widthgaio v haew PP&cedi ng

g' Iai ”Bb \Sgefil réiéﬁild s£rgfﬁkhﬁ§%§cée@m\@/!3@bbl _rR0b @ d, MMeiesd is the

el ow 0.90. 4. exi 0se or pipe as in.on

the precedi ng9@M& e’ a\ﬂ@?é’?ﬂ”%gﬁed& © r%%é?ecgﬁréa(?é &&e and

Wi re i s woundwhedeiR:ab keypressed froMAa.a spiral ed hose or

pipeg 5. A flexihhfalias8oRatibh BEMBSMUR 1BRLACS! o llRis1B.78 % .

t o 3, wherein nore than one steel wire is provided.

6. A flexible hose or pipe as in claim5, wherein said

more than oheAdtegible haise er pige bs i alnl 1 avhersimsald kangiledgtpngth

hose or pipe. g exceeds 4300 - 2000 x d.

15 3. A flexible hose or pipe as in one of the preceding claims, wherein

said thickness-to-width ratio t/w is below 0.90.

4. A flexible hose or pipe as in one of the preceding claims, wherein

said at least one steel wire is wound helically to form a spiraled

20 hose or pipe.

5. A flexible hose or pipe as in one of claims 1 to 3, wherein more

than one steel wire is provided.

25 6. A flexible hose or pipe as in claim 5, wherein said more than one

steel wire is braided to form a braided hose or pipe.



