
FLEXIBLE PIPE The invention relates to a flexible pipe for transporting abrasive slurry, comprising a
tubular body of a flexible 5 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 diameter. 10 Such a pipe is known from DE 84 37 910.3 Ul. The rings
in said known pipe are of two different types arranged in alternating manner, each of triangular section,
wherein the thickness near the inner circumference of the rings of the first type is larger than the
thickness of the rings near 15 their outer circumference, and the thickness near the inner
circumference of the rings of the second type is smaller than the thickness of the rings near their outer
circumference. 20 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 25 dredging industry, the sand and gravel extraction industry, the diamond mining
industry and the oil-sand industry. Developments in the dredging industry have been such that
increasingly abrasive mixtures are being pumped. 30 The invention also relates to new pipes which,
before use, have a flexible (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  



la a result of which the inner surface of the rings becomes exposed, so that  2 the internal diameter of
the rings and that of the tubular body 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 10 in the slurry cutting through the rubber wearing layer over a large distance. Said rings are
usually formed of steel plate, cut, rolled and welded. Common kinds of steel are used, but also high-
15 tensile and wear-resistant kinds, such as CreusabroTM and HardoxTM. 



The object of the invention is to provide a flexible pipe which is more resistant to wear and damage. To
that end, in 20 said pipe identical rings are generally used, wherein the thickness of the rings near their
inner circumference is larger than the thickness of the rings near their outer circumference and the
cross-section of the rings is trapezoidal. 25 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.  3 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 techniques 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 inmore detail in t following description of embodiments thereof,
which are illustrated in the figures, in which: 



Figure 1 is a schematic, longitudinal sectional view of a part 15 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; 20 Figure 5 is a schematic, longitudinal sectional view of
a bent flexible pipe provided with wear-resistant rings according to one embodiment; and 25 Figure 6
is a schematic, a longitudinal sectional view of a conical, flexible pipe provided with wear-resistant
rings.  4 According to figure 1, a flexible pipe 1 that is used in dredging comprises a rubber tubular part
2, which is provided with wear-resistant rings 3, 4, 5, 6 in various embodiments thereof. Figure 1 is
merely a schematic 5 representation, in a practical 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 comprise 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 diameter, so that a substantially smooth inner 15
surface of the flexible pipe I alternately consisting of rubber and a wear-resistant material is obtained.
The outer surface of the rubber part 2 only consists of rubber. The wear-resistant ring 3 is of
rectangular section. This 20 embodiment does not fall within the scope of the currently claimed
invention. The wear-resistant ring 4 is of trapezoidal section, with the thickness of the ring 4 being
smaller near the inner diameter than near the outer diameter. This embodiment does not fall within the
scope of 25 the currently claimed invention. The wear-resistant ring 5 is of trapezoidal section, with the
thickness of the ring 5 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 30
inner diameter than near the outer diameter. This embodiment does not fall within the scope of the
currently claimed invention.  



4a 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  having two different hardnesses. The ring of figure 2 consists of a sabring 71
of a hard, highly wear-resistant material such as hardfacing steel along the inner circumference, and a
subring 72 of a ductile, less breakable material such as mild steel along 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,
less breakable material, such as mild steel. In figure 4, too, the ring is built 10 up of subrings 91, 92 of
materials having two different 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 15
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 11 will usually also comprise at least an outer layer arranged around the
rubber 20 part 12. 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 25 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 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 bend, with the thickness of the rings 13 being smaller near 5 the inner diameter than near the
outer diameter. In the inside bend, the ring 13 is trapezoidal in section, with the thickness of the rings
13 being larger near the inner diameter than near the outer diameter. 10 According to figure 6, a
flexible reducing piece 21 comprises a rubber tubular part 22, whose inner wall and outer 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 15 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 22. This embodiment does not fall within the 20 scope of the currently claimed
invention. It can be seen that in the case of the rings shown in figure 6 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 25 the contrary, the
rings 23 are surrounded by rubber. Said 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 previously discussed.  7 CLAIMS 1.A flexible pipe (1) for transporting
abrasive slurry, comprising a tubular body of a flexible polymer, such 



5as rubber, and a multitude of coaxial, wear-resistant rings (5, 13) provided in the polymer along the
length of the tube, which rings (5, 13) and which tubular body have substantially the same internal
diameter, characterised in that in said pipe identical rings are 10generally used, wherein the thickness
of the rings (5, 13) near their outer circumference is smaller than the thickness of the rings (5, 13) near
their inner circumference and the cross-section of the rings (5, 13) is trapezoidal. 15 2A flexible pipe
according to claim 1, wherein the rings (5, 13) are made of cast iron, hard-faced steel or a ceramic
material. 


