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1 FLEXIBLE PIPE 5 The invention relates to a flexible pipe for

transporting abrasive slurry, comprising a tubular body of a flexible

polymer, such as rubber, and a multitude of coaxial, wear-resistant rings

provided in the polymer along the length of the tube, which rings and

which tubular body have substantially the same internal. 10 diameter.

Such a pipe is known from GB-A-1,573,189. While the term "pipes" is

used herein, the invention also relates 15 to flexible expansion pieces,

bends, reducing pieces and T-pieces. Many of these products are used

as flexible couplings in pipes through which abrasive slurries are pumped.

These products are used in, for example, the dredging industry, the sand

and gravel extraction industry, the diamond mining industry 20 and the
FLEH- iﬁaggtry. Developments in the dredging industry have been such

that increasingly abrasive mixtures are being pumped. The invention also

relates to new pipes which, before use, have 25 a flexible (rubber)

internal lining that covers the wear-resistant rings, part of which flexible
Thintérmat fihingrhas: Vidrhsaway aftér i pife Rad Beef Usetforsbie fithe,
202S &;result of which $he.innersusface, of the sings becomes:exposesh Somer,

that 2 the internal diameter of the ringg. and that of the tu_bular.b%%}/ o
such as rubber, and a multitude ¢f coaxlial, wear-resistanc rings
provided in the polymer along the length of the tube, which rings
and which tubular body have substantially the same internal

diameter.

Such a pipe is known from GB-A-1,573,189.

While the term "pipes" is used herein, the invention also relates
to flexible expansion pieces, bends, reducing pieces and
T-pieces. Many of these products are used as flexible couplings
in pipes through which abrasive slurries are pumped. These
products are used in, for example, the dredging industry, the
gand and gravel extraction industry, the diamend mining industry
and the oil-sand industry. Developments in the dredging industry
nave been such that increasingly abrasive mixtures are being

pumped.

The invention also relates to new pipes which, before use, have
= Flegible {rubber) internal lining that covers the

wear-resistant rings, part of which flexible internal lining has
worn away after the pipe has been used for some time, as a result

of which the inner surface of the rings becomes exposed, so that
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are only at least substantially the same after some period of usage. 5

Pipes for slurry transportation are generally built up of an interior wearing

layer of rubber (or another polymer), one or more inlays, possibly steel

vacuum rings or a coil and an outer layer. The wear-resistant rings

function to slow down the wearing process, for example by preventing

sharp objects in the slurry 10 cutting through the rubber wearing layer

over a large distance. Said rings are usually formed of steel pj_ate, cut,
N IR &R e fde T5thnTon kitidd of Sfedl 'ATe UdRd, bt aliso high tatsife2®Y
arandwiearaesistant-kinds,ssuch:as CreusabroIvhandiardoxdM. HeThed of

usoa%)gct of the invention is to provide a flexible pipe which is more resistant

to'wear and damage. The thickness of the rings near their inner
circumference is to that end larger than the thickness of the rings near
their outer circumference. 20 Various properties of the pipe can be
improved by using this configuration of the rin%s, such as the bending

PIRuS, the Titd Tdnd e &iitfriess? in Parttiartha Hrichofing ‘bf the Hngsin®"

intheqipe istmptovediimthis mannepk2s In axprefertédcembodiment, thene oxr
ncj0e8eRon Lie:Aoresnid paraling Ungne substanlaly dapesoidal e
layer. The wear-resistant rings function to slow down the wearing
process, for example by preventing sharp cbklects in the slurry

cutting through the rubber wearing layer over a large distance.

Said rings are usually formed of steel plate, cut, roclled and
welded. Common kinds of steel are used, but also high-tensile

and wear-resistant kindsz, such as Creusabro™ and Hardox .

The obiect of the invention is to provide a flexible pipe which
is more resistant to wear and damage. The thickness of the rings
near their inner circumference is to that end larger than the

thickness of the rings near their outer circumference.

Various properties of the pipe can be improved by using this
configuration of the rings, such as the bending radius, the life
and the stiffness. In particular the anchoring of the rings in

the pipe is improved in this manner.

In a preferred embodiment, the cross-section of the aforesaid

part of the rings is substantially trapezoidal.
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The rings are preferably made by moulding a heated, flowable metal or a

ceramic powder in a mould. Cast iron, cast steel, a cast ceramic material

and other materials that can be processed 5 by means of a casting

technique or sintering or pressing teghniques may be used for this

purpose. Such techniques enable a high degree of freedom in moulding

this type of rings, such as the various rings discussed in the description.

10 The invention will now be explained in more detail in the following

description of embodiments thereof, which are illustrated in the figures, in

which: Figure 1 is a schema7zic, longitudinal sectional view_of a part 25, .
151 & HERBIE Bibe Brovidet with VT FeGiStR FHES IvARS IS S | J-ovanle
megmbodiments:theeréof; Figules 2,18 andod are cigss-séctional ews ofeel, 2
c\arious. emhogiments of a weareiesistant fng,2Q Figyre 28 a,schematics ¢

longitudinal sectional view of a bent flexible pipe provided with _
byyvagarssistant rifigs aceerdif§ 16 6he effbotiment &1t 25 Figie e i¥a
+ sohenatics alongitudisakisectional\denseba eonisakflexiepipees enable

provided with wear-resistant rings. 4 According to figure 1, a flexible pipe
= B3 S TREdIn reab ae QiR higber Tibdlar Lo S WRERGE! | Suh
a providedawithuweal-rgsistant rngs<3; 4,15, 6Hn variousiermbodiments

thereof.

The invention will now be explained in more detaill in the
following description of embodiments therecf, which are

illustrated in the figures, in which:

Figure 1 is a schematic, lengitudinal sectional view of a part
of a flexible pipe provided with wear-resistant rings in various

embodiments thereof;

Figures 2, 3 and 4 are cross-sectional views of various

embodiments of a wear~resistant ring;

Ficure 5 is a schematic, longitudinal sectional view of & bent
flexible pipe provided with wear-resistant rings according to

one embodiment; and

Figure 6 is a schematic, a longitudinal sectional view of a

conical, flexible pipe provided with wear-resistant rings.
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Figure - is merely a schematic representation, in a practical 5 embodiment

identical wear-resistant rings 3, 4, 5, 6 will generally be used.

Furthermore, besides the rubber tubular part 2 and the rings 3, 4, 5, 6, a

flexible pipe 1 will usually also comprjse at least an outer layer arranged

around the rubber part 2. 10 The wear-resistant rings 3, 4, 5, 6 are

provided in coaxial, regularly spaced-apart relationship in the rubber part

2, with the rings 3, 4, 5, 6 and the rubber, part 2 having the same internal .
PGRAAED &5 haC HSH e Ua-16 Gt ek SLAACE o e 12 by ™8
copipe 1 siterpatelypoensistibg b rubbartaritd aweartresistamomaterialis th
w<Qtained; The auter surface of the rubberpart 2 anly onsists,of tubbet ... ¢

The wear-resistant ring 3 is of rectangular section. The 20 wear-resistant
FIGREE i of trapREBidal 3eBfbiT With the ThTCkARES BF thé ring™ Beitg ot 1cal
sr3fallersnearithernnes diameter Abansiearthe outer diametes ,The wiiz

Wear-r;ielsisgant rirL%S is of trgagezoidal sectjon, ngl;l the tglgzknet:ssbof fbg "
g 4 being”1arger near the mner diameter than near the outer diaméter”**
2 The 25 weatrgsistantiring 6 kas a T-shapebssection, with tHe thivknéss also

cidheing 6 heing smallernearthednner diameter than-neat, the guter. . -

diameter. According to figure 2 and figure 3, the rings whose shape 30
2-corresponds to that of the ring 4 of figure 1, is made of materials

The wear-resistant rings 3, 4, 5, & are provided in coaxial,
regularly spaced-apart relationship in the rubber part Z, with
the rings 3, 4, 5, 6 and the rubber part 2 having the same internal
diameter, so that a substantially smocoth inner surface of the
flexible pipe 1 alternately consisting of rubber and a
wear—resistant material is obtained. The outer surface of the

rubbeyr part Z cnly consists of rubber.

The wear-resistant ring 3 i1s of rectangular secticn. The
wear—-resistant ring 4 1s of trapezoidal section, with the
thickness of the ring 4 being smaller near the inner diameter
than near the ocuter diameter. The wear-resgistant ring 5 is of
trapezoidal section, with the thickness of the ring 4 being
larger near the inner diameter Than near the outer diameter. The
wear-resistant ring 6 has a T-shaped section, with the thickness
of the ring 6 being smaller near the inner diameter tThan near

rthe outer diamster.

According to figure 2 and figure 3, the rings whose shape

corresponds to that of the ring 4 of figure 1, is made of materials
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5 having two different hardnesses. The ring of figure 2 consists of a
subring 71 of a hard, highly wear-resistant material such as hardfacing
steel along the inner circumference, and a snoring 72 of a ductile, less
breakable material such as mild steekalong 5 the outer circumference.
The ring of figure 3 consists of a hollow ring 82 of a hard, highly
wear-resistant material such as hardfacing steel, the cavity of said ring
being filled with a ring 81 of circular section made of];:a ductile, Iefs

hagrgakabll® Mafertal SSUch a5 HRE Sfeel. Ihfigdre™# 86, thé HAg is T o
ofup of stibtings 9,92 ef materialsihavingwwe ifferent thardnesses isimikwrch
to the ring of figure 2, with this difference that the ring is of rectangulary, . ;
ass%% |6jrf %Jﬁpg %at ,et eaﬁgr%tgfﬁégli%lé%?lﬁe%lgl}that Is used in g'iredging 15 e
7 2comprises airlibberstublias parlE RicrisProvided with 1 dévargel along
-nwearresistapt-rings 43x Figuie.d isimerely aisphematicoiepeesertations 1 Low

‘besides the rubber tubular part 12 and the rings 13, a practical h
r igMbBdirméntof s figxible" Blipe 1T Wit usGam” 5ist- cOmpristht 184St an ®
haQUieE tayes arranged atounchthetrubber 20 part 1%y Thelweal-rédistantith a
rings, 13 are provided in coaxial, regularly  spaced-apart.relationship in the,; -
rlrrffgbsgf part 2, With the ﬁﬁaagl% arﬁ%jj%eorabber part 12 having the same
meihtarhaldigmeter: 86725 ¢hat assubstanfiafy sfdoth River-Sfifade dftReP 1+
Jlexible pipe 1L aiernajely.gonsisting efinibber and a weagesistant:

hardnesses, similar to the ring of figure 2, with this difference

that the ring is& of rectangular section.

In figure 5, the bent flexible pipe 11 that is used in dredging
comprises a rubber, tubular part 12, which Is provided with

several wear—-resistant rings 13. Figure 5 is merely a schematic
representation, besides the rubber tubular part 12 and the rings
13, a practical embodiment of a flexible pipe il will usually
also comprise at least an outer layer arranged around the rubber

part 1Z2.

The wear-resistant rings 13 are provided in coaxial, regularly
spaced-apart relationship in the rubber part 12, with the rings
13 and the rubber part 12 having the same internal diameter, so¢
that a substantially smooth inner surface of the flexible pipe
11 alternately consisting of rubber and a wear-resistant

material is obtained. The outer surface of the rubber part 1Z

only consists of rubber.
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material is obtained. The outer surface of the rubber part 12 only consists

of rubber. 6 The thickness of the wear-resistant ring 13 is smaller in the

inside bend of the pipe than in the outside bend. As a result, the ring 13 is

trapezoidal in section in the outside kend, with the thickness of the rings

13 being smaller near the inner 5 diameter than near the outer diameter.

In the inside bend, the rind 13 is trapezoidal in section, with the thickness

of the rings 13 being larger near the inner diameter than near. outer ., .
Thiamieter: icgérd’% ng t%’eﬁaﬂfé: B a Fe%jﬁle rré”ggci:llgﬁlpﬁgces IEitlt::jte)enlipr:'}iEs.q‘est he
inardbbertubuldr par 22| wehoseinrier walk andotidewaditexieAd Gomieay,t

enal '!% to each ather, with a flange 24,.25 being present-atithe wg,ends: «n
Wear-resistant rings 23 are provided in the rubber of the conical tubular
thsai 2o Sud Weak-reSRtdnt 5 rings 23 4@ IiKBMidé Eonftar in-Sfape  so
a:that they have a, parallelegrameshapechseetion, sucththat the innerawails the
.of the conical rings 23 extend parallel with respect to.the inner wall, of th
i OGP B T3 S0 E5 b Beeh it o e Cee B e s+ o
13shevingn figume6 thesinnehwallsrof the rimys 23 do ot liegda thé santaiter

di%:%ggaars the inner wall of the tubular part 22, but that, on the contrary,

the rings 23 are surrounded by rubber. Said rubber can wear away in
practice, as a result of which the rings 23 w"_11 come to lie

According te figure 6, a flexible reducing plece 21 comprises
a rubber tubular part 22, whose inner wall and cuter wall extend
conically, parallel to each other, with a flange 24, 25 being
present at the two ends. Wear-resistant rings 23 are provided
in the rubber of the conical tubular part 22. Said wear-resistant
rings 23 are likewise conical in shape, so that they have a

parallelogram-shaped section, such that the inner walls of the
conical rings 23 extend parallel with respect to the inner wall

of the conical tubular part ZZ.

Tt can be seen that in the case of the rings shown in figure ©
the inner walls of the rings 23 do not lie in the same plane as
the inner wall of the tubular part 22, but that, on the contrary,
the rings 23 are surrounded by rubber. Sald rubber can wear away
in practice, as a result of which the rings 23 will come to lie
at +the inner surface of the pipe 22 yet. This aspect may also

apply to the embodiments that have been previcusly discussed.



5

10

15

i

1

25 at the inner surface of the pipe 22 yet. This aspect may also apply to
the embodiments that have been previously discussed. 7 CLAIMS 1. A
flexible pipe for transporting abrasive slurry, comprising a tubular body of
a flexible polymer, such as rubber, and a 5 multitude of coaxial,
wear-resistant rings provided in the polymer along the length of the tube,
which rings and which tubular body have substantially the same internal
diameter, characterised in that the thickness of the rings (5, "13) near
©Bit-outer circumference is smaller over at least part of 10 their
circumference than the thickness of the rings near their inner
circumference. 2. A flexible pipe according to claim 1, wherein the
cross-section of the aforesaid par of the rings (5, 13) is 15 substantially

‘trapefoidalt 8. WREXibRY pip 8E6YdmY fo TREMSE 8F 25 Wheréin HERRGS 179

(3, 13hare-mase-ef eastirar, hardfaced steel or asceranie materal, and a
multitude of coaxial, wear-resistant rings provided in the
polymer along the length of the tube, which rings and which
tubular body have substantially the same internal diameter,
characterised in that the thickness of the rings (5, 132) near
thelr outer circumference is smaller over at least part of
their circumference than the thickness of the rings near their

inner circumferencs.

2. A flexible pipe according to claim 1, wherein the

3.

cross-section of the aforesaid part of the rings (&5, 13) is

substantially trapezoidal.

-

A flexible pipe according to claim 1 or 2, wherein the rings
(5, 13) are made of cast iron, hard-faced steel or a ceramic

material.



