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(54) A SLURRY PUMP

(57) A slurry pump (1) for pumping a liquid and solid
particle mixture comprises a casing (3) which accommo-
dates a drivable impeller and includes a suction inlet (5)
and an outlet (6), and protection means (2) for protecting

the environment against leakage of liquid or ejection of
fragments of the casing (3) in case of damage thereof.
The protection means (2) comprises a protective cover
(2) which is wrapped around the casing.
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Description

[0001] The present invention pertains to a slurry pump
for pumping a liquid and solid particle material, compris-
ing a casing which accommodates a drivable impeller
and includes a suction inlet and an outlet, and protection
means for protecting the environment against leakage of
liquid or ejection of fragments of the casing in case of
damage thereof.
[0002] A slurry pump in the form of a dredge pump
including protection means is known in the field of dredg-
ing vessels with on-board dredge pumps which are used
for sucking slurry of sand, gravel and so forth from the
bottom of the sea, lake, river or the like. Such a dredging
vessel often has a suction tube and a cutting mechanism
located nearby an inlet of the suction tube. The cutting
mechanism loosens the bed material, after which it is
transported to the inlet of the suction tube. The dredging
vessel may also have a suction tube and drag head with
or without jet water which loosens the bed material, like
a Trailing Suction Hopper Dredger.
[0003] The dredged material is sucked up by the
dredge pump and discharged to a barge, for example.
Dredged material may comprise solid abrasive pieces
such as sand, stones or the like. When such materials
are thrown against the inner surfaces of the casing by
the impeller, they cause considerable wear to the inner
parts of the pump. This may result in weak areas of the
casing at a certain moment the casing may be worn such
that it starts leaking liquid. Consequently, the casing must
be replaced. Furthermore, the dredged material may also
contain unexploded ordnance like grenades, bombs,
shells and mines that did not explode when they were
employed, but may detonate upon entering the dredge
pump or when hitting the impeller or after being acceler-
ated by the impeller. If this happens, the casing, which
is generally made of cast iron, will be damaged and frag-
ments of the casing may be ejected. When the dredge
pump is placed in a closed room or a box this functions
as a protection means for reducing the risk of damage
to personnel and equipment in the environment of the
pump.
[0004] It is an object of the present invention to provide
a safe slurry pump which requires minimum space.
[0005] This is achieved by the slurry pump according
to the invention which is characterized in that the protec-
tion means comprises a protective cover which is
wrapped around the casing.
[0006] The fact that the cover is wrapped around the
casing, or enfolds the casing, provides the opportunity
to create a close fitting of the cover about the casing. Any
empty and unused space such as in case of a conven-
tional protective box of solid plates around the pump can
be omitted. Furthermore, a relatively small or no distance
between the casing and the protective cover may im-
prove the absorption characteristics of the impact of
ejected fragments. Besides, the slurry pump including
the protective cover can be assembled before transport-

ing the pump to a dredging vessel, which reduces instal-
lation work on board. On the other hand, some space
between the casing and the protective cover may be de-
sired in order to receive gas from an explosion. It is noted
that the wrapped protective cover minimizes additional
weight. Since the protective cover can protect the envi-
ronment against leakage of liquid the cover is preferably
made of a watertight material. An advantage of the in-
vention is that the pump can be used until it starts leaking
instead of replacing the casing preventively.
[0007] The cover may comprise a flexible fabric. This
means that the cover is flexible under operating condi-
tions. Since the cover is wrapped around the casing it is
always flexible upon wrapping it around the casing, but
in an alternative embodiment the cover may be cured
such that it is solid or semi-solid under operating condi-
tions.
[0008] The cover may comprise a textile or a woven
fabric. The tenacity of these materials provide a great
resistance against impact of ejected fragments of the
casing. Due to the woven structure of filaments, fibres,
yarns or the like, energy absorption of an impact is dis-
tributed in width direction of the cover. Therefore, similar
materials are applied in the field of bulletproof vests, for
example. Alternatively, the cover may comprise a non-
woven material.
[0009] The fabric may comprise fibres, for example
plastic fibres made of polyethylene or the like. It is con-
ceivable that the fabric comprises a plurality of layers of
woven or laminated fibres, but three-dimensional weav-
ing with fibres connecting flat wovens together into a 3D
system is also possible.
[0010] The cover may comprise a plurality of layers
wherein the outer layer may be made of a fire-resistant
and/or waterproof material. For example, a part of the
plurality of layers may be waterproof PVC sheets. The
layers may be adhered to each other, but it is also pos-
sible that the layers are separate from each other and
are only fixed to each other at theirs side edges.
[0011] In a practical embodiment the impeller is cou-
pled to an impeller drive shaft which leaves the casing
at a drive shaft side as seen from the impeller, and the
protective cover is attached to the casing through holding
members at the suction inlet, at the outlet and the drive
shaft side. It is conceivable that the protective cover is
attached to the casing through holding members which
are only located at the suction inlet, at the outlet and the
drive shaft side, whereas the remainder of the protective
cover is free from the casing or only contacting the casing.
[0012] At least one of the holding members may com-
prise a flange and a clamp for clamping the protective
cover between the clamp and the flange.
[0013] The clamp may be formed of a plurality of blocks
which are mountable to the flange in circumferential di-
rection thereof. The blocks may be wedge-shaped such
that the space between two neighbouring blocks is min-
imized. Nevertheless, some space between the blocks
may be desired in order to provide room for creases in
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the protective cover. The blocks may be separate units
in order to make installation relatively simply.
[0014] Each of the blocks may be provided with a cavity
at its side facing the flange which may be arranged such
that after mounting the blocks on the flange the cavities
form a ring-shaped channel between the blocks and the
flange for receiving a thickened end portion of the cover.
[0015] In an advantageous embodiment the protective
cover at the flange is folded about a string hence forming
a hem with the string therein, wherein at least a part of
the hem including the string is accommodated in the ring-
shaped channel, since this provides an additional form-
fitting connection.
[0016] In a preferred embodiment a crease flattener is
fixed between two neighbouring blocks, which crease
flattener presses a crease of the protective cover against
the flange. Such a crease in the protective cover typically
arises at the flange since the surface for fixing the pro-
tective cover at the flange is smaller than the surface of
the protective cover at that location. Due to the presence
of the crease flattener the protective cover can be sealed
between the neighbouring blocks. This provides the op-
portunity to prevent any leakage of liquid out of the
wrapped slurry pump. The crease flattener may be a
plate-shaped element which fits between two neighbour-
ing blocks and which is also fixed to the flange, for ex-
ample indirectly via the blocks.
[0017] The crease flattener and the blocks may be pro-
vided with cooperating locking members for locking the
crease flattener between the blocks in a radial direction
of the flange. The locking members may be lateral pro-
trusions of the crease flattener which fit in mating recess-
es of the neighbouring blocks. In case of a pulling force
on the protective cover, for example caused by a leaking
and/or damaged casing, this prevents the crease flatten-
er from being pulled out from the space between the
neighbouring blocks.
[0018] In an advantageous embodiment each of the
blocks are provided with at least two pressure elements
which are freely movable with respect to the flange in
radial outward direction thereof, wherein the pressure
elements of two neighbouring blocks face each other and
a crease of the protective cover extends between the
pressure elements, and wherein the pressure elements
and the blocks are adapted such that the distance be-
tween the pressure elements in circumferential direction
of the flange decreases upon moving the pressure ele-
ments in radial outward direction thereof. In case of a
pulling force on the protective cover, it tends to move in
radial outward direction of the flange. Since the volume
of the crease typically increases in opposite direction
thereof, i.e. towards the centreline of the flange, the pro-
tective cover will pull the pressure elements in radial out-
ward direction. Consequently, the distance between the
pressure elements reduces and the crease will automat-
ically be hold stronger between the neighbouring blocks.
[0019] In an embodiment where the crease flattener
and the pressure elements are present, the pressure el-

ements may be movable outside the crease flattener, for
example along opposite sides thereof.
[0020] The invention will hereafter be elucidated with
reference to drawings illustrating embodiments of the in-
vention very schematically.

Fig. 1 is a perspective view of a part of an embodi-
ment of the slurry pump according to the invention,
showing the pump without a protective cover.
Fig. 2 is a similar view as Fig. 1, but showing the
opposite side of the slurry pump.
Figs. 3-7 are a top view and four side views, respec-
tively, of the embodiment of Fig. 1 on a smaller scale.
Figs. 8-12 are similar views as Figs. 3-7, but showing
the slurry pump including the protective cover ac-
cording to the invention.
Figs. 13 and 14 are similar views as Figs. 1 and 2,
but showing the slurry pump without holding mem-
bers for holding the protective cover.
Figs. 15 and 16 are similar views as Figs. 13 and 14,
but showing the slurry pump including parts of the
holding members for holding the protective cover.
Figs. 17 and 18 are perspective views of wedge-
shaped blocks for fixing the protective cover.
Fig. 19 is a perspective view of a part of a counter
outlet flange for fixing the protective cover.
Fig. 20 is a sectional view of the holding member at
the suction inlet.
Fig. 21 is a sectional view of the holding member at
the outlet.
Fig. 22 is a perspective view of an alternative em-
bodiment of the slurry pump according to the inven-
tion, showing the pump without a protective cover.
Fig. 23 is a frontal view of a part of the embodiment
of Fig. 22 on a larger scale.
Fig. 24 is a top view, a perspective view, a side view
and a front view of a holding member of the embod-
iment of Fig. 22 on a larger scale.
Fig. 25 is a top view and a side view of a crease
flattener of the embodiment of Fig. 22 on a larger
scale.
Fig. 26 is a top view and a side view of a fitting plate
of the embodiment of Fig. 22 on a larger scale.
Figs. 27 and 28 are cross-sectional views at a holding
member and a crease flattener, respectively, of the
embodiment of Fig. 22 on a larger scale.
Fig. 29 is a top view, a side view and a perspective
view of a pressure element of the embodiment of
Fig. 22 on a larger scale.

[0021] Figs. 1-7 show different views of a slurry pump
1 without a protective cover, and Figs. 8-11 show different
views of an embodiment of the slurry pump 1 including
a protective cover 2 according to the invention. In partic-
ular Figs. 3-7 and Figs. 8-12 are views from the same
respective sides, showing the embodiment of the slurry
pump 1 without and with the protective cover 2, respec-
tively. The slurry pump 1 including the cover 2 can be
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installed on board of a dredging vessel (not shown). Such
a dredging vessel is provided with a suction tube and a
cutting mechanism located nearby an inlet of the suction
tube. The cutting mechanism loosens the bed material
of a sea bed, a river bed or a lake bed, for example, and
a mixture of solids and water is then sucked up by the
slurry pump 1 via the suction tube. The slurry pump 1
according to the invention is not limited to dredging ap-
plications, but is also suitable for pumping liquid and solid
particle mixtures in other fields, for example in the mining
industry.
[0022] The slurry pump 1 as shown in the figures is a
centrifugal pump and has a casing 3 which accommo-
dates an impeller (not shown). The impeller has an im-
peller shaft which is supported by bearings, located in a
bearing housing. The impeller shaft is driven by an elec-
tric motor 4. Alternatively, the impeller shaft may be driv-
en by alternative driving means such as an internal com-
bustion engine, hydraulic motor or the like, possibly via
a transmission. The casing 3 has a suction inlet 5 and a
tangentially oriented outlet 6. The casing 3 comprises a
volute or cup shaped part 3a and a substantially flat im-
peller lid 3b which is bolted to the cup shaped part 3a at
the side of the pump 1 where the suction inlet 5 is located.
The impeller lid 3b is removable in order to easily reach
the impeller in case of maintenance or replacement of a
worn impeller. At a side of the casing 3 opposite to the
side where the impeller lid 3b is located, the impeller shaft
leaves the casing 3.
[0023] In practice, the slurry or dredged material may
also contain unexploded ordnance like grenades and
bombs which may detonate upon entering the slurry
pump 1 such that the casing 3 will be damaged and frag-
ments of the casing 3 will be ejected. In order to avoid a
dangerous situation for operators and equipment the cas-
ing 3 is enveloped by the protective cover 2. The cover
2 in the embodiment as shown in Figs. 8-12 comprises
a flexible fabric which is wrapped around the casing 3.
The cover 2 is made of a woven fabric and comprises
plastic fibres, for example para-aramid synthetic fibre
known under the registered trademarks Kevlar or Twaron
or polyethylene fibre under the registered trademarks
Dyneema or Spectra. Such fibres are also used for man-
ufacturing bulletproof vests, for example. Nevertheless,
alternative fibres are possible.
[0024] The protective cover as shown in Figs. 8-12
forms a bag which surrounds the casing 3 and which
comprises three holes at the suction inlet 5, the outlet 6
and the side of the casing 3 where the electric motor 4
is located. At these locations the protective cover 2 is
attached to the casing 3. In the embodiment as shown
in the figures the casing 3 is provided with an outlet flange
7 at the outlet 6, see Fig. 14. The protective cover 2 is
clamped to the outlet flange 7 by a counter outlet flange
8, as illustrated in Figs. 8-12. The counter outlet flange
8 comprises three portions which are bolted to each oth-
er. One of the three portions is shown in Fig. 19. Fig. 21
shows in cross-section how the protective cover 2 is

clamped between the outlet flange 7 and the counter out-
let flange 8. It is noted that there are numerous alternative
means for fixing the protective cover 2 to the outlet 6.
[0025] At the suction inlet 5 and the opposite side of
the casing 3 facing the electric motor 4, the protective
cover 2 is fixed in more or less the same manner. Figs.
15 and 16 show that an inlet flange 9 is mounted at the
suction inlet 5 and an impeller shaft flange 10 is mounted
at the side of the casing 3 facing the electric motor 4. For
clarity reasons, it is referred to Figs. 13 and 14 which are
similar views as Figs. 15 and 16, but in which the inlet
flange 9 and the impeller shaft flange 10 are not shown.
The inlet flange 9 is mounted to the casing 3 by means
of welding whereas the impeller shaft flange 10 is bolted
to the casing 3.
[0026] The protective cover 2 can be fixed at the inlet
flange 9 and at the impeller shaft flange 10 by means of
wedge-shaped blocks 13 which are bolted to the respec-
tive flanges 9, 10. Each of the blocks 13 is provided with
a cavity 14, see Figs. 17 and 18. After installing all blocks
13 the cavities 14 form a ring-shaped channel between
the blocks 13 and the respective flanges 9, 10.
[0027] Fig. 20 shows how the protective cover 2 is fixed
at the inlet flange 9. The protective cover 2 is fixed to the
impeller shaft flange 10 in the same way. It can be seen
in Fig. 20 that the protective cover 2 at its end edge is
provided with a hem 11 with a string 12 therein which is
accommodated in the mating cavity 14 of the wedge-
shaped blocks 13. The string 12 and a portion of the hem
11 are clamped between the blocks 13 and the respective
flanges 9, 10. The hem can be made by means of sewing
or gluing or the like.
[0028] Figs. 11 and 12 illustrate that creases 15 in the
protective cover 2 are present at the inlet flange 9 and
the impeller shaft flange 10. The creases 15 arise since
the surface for fixing the protective cover 2 at the inlet
flange 9 is smaller than the surface of the protective cover
2 at that location. The creases 15 may protrude outwardly
and clamped between respective neighbouring wedge-
shaped blocks 13.
[0029] In case of maintenance or replacement of a
worn impeller the blocks 13 at the inlet flange 9 can be
loosened and the protective cover 2 can be folded back-
wards in order to provide access to the bolts of the im-
peller lid 3b so as to be able to remove the lid 3b.
[0030] Fig. 22 shows an alternative slurry pump 1 and
Fig. 23 shows a part of the pump 1 at the suction inlet 5.
For explanatory reasons the pump 1 is depicted without
the protective cover 2. This embodiment has different
holding members or blocks 13 than the embodiment as
described above. In this embodiment the suction inlet 5
is provided with twelve blocks 13. Fig. 24 shows different
views of one of the blocks 13. The block 13 has also a
wedge-shape as seen from above and comprises a cavity
14, as well. After installing all blocks 13 on the cooper-
ating inlet flange 9 the cavities 14 form a ring-shaped
channel between the blocks 13 and the inlet flange 9 for
receiving the string 12 enveloped by the protective cover
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2. Each of the blocks 13 is mounted to the inlet flange 9
via a threaded pin 16 running through a through-hole 17
in the block 13 and fixed thereto by a nut, in a similar way
as the blocks 13 in the previous embodiment.
[0031] After clamping the protective cover 2 including
the string 12 between the blocks 13 and the inlet flange
9, creases 15 of the protective cover 2 are present be-
tween neighbouring blocks 13. The creases 15 are flat-
tened by means of crease flatteners 18 such that the
protective cover 2 forms a watertight sealing. Figs. 22
and 23 show that the crease flatteners 18 are located
between each two neighbouring blocks 13. As shown in
Fig. 25 the crease flattener 18 has a wedge shape and
fits between two neighbouring blocks 13 which can be
observed in Fig. 23. Each of the crease flatteners 18 is
pressed onto a crease 15 by means of a crease flattener
bolt 19 which is screwed in a tapped hole 20 of a fitting
plate 21, see Fig. 26, and ends in a recess 22 of the
crease flattener 18. The fitting plate 21 is mounted on
two neighbouring blocks 13 by means of fitting plate bolts
23, see Figs. 22 and 23. The fitting plate bolts 23 are
screwed in mating holes 29 in the blocks 12.
[0032] In order to avoid a bending force on the crease
flattener bolt 19 in case of a pulling force on the protective
cover 2, the crease flattener 18 is provided with lateral
protrusions 24 which fit in mating recesses 25 of the ad-
jacent blocks 13 such that the crease flatteners 18 are
locked with respect to the blocks 13 in radial outward
direction of the inlet flange 9.
[0033] Figs. 27 and 28 illustrate an assembled situation
by cross-sectional views taken along a plane through the
block 13 at the threaded pin 16 and the through-hole 17
and taken along a plane through the crease flattener 18,
respectively.
[0034] Fig. 29 shows different views of a pressure el-
ement 26, which has a semi-circular cross-section. Each
block 13 is provided with two pressure elements 26 of
which the curved portions face away from each other. In
assembled condition a crease 15 between two adjacent
blocks 13 is flattened and clamped to the inlet flange 9
by the crease flattener 18, whereas the pressure ele-
ments 26 of two neighbouring blocks 13 prevent the pro-
tective cover 2 from moving out of the space between
the blocks 13, the inlet flange 9 and the crease flattener
18 upon exerting a pulling force on the protective cover
2. This is caused by the fact that the amount of material
of the protective cover 2 in radial inward direction of the
inlet flange 9 beyond the pressure elements 26 increases
which increases resistance during displacement of the
protective cover 2 in outward direction. Besides, the pres-
sure elements 26 are freely movable in radial outward
direction of the inlet flange 9, since protrusions 27 at the
back side of the pressure elements 26 slidably fit in co-
operating rails 28 of the blocks 13. The rails 28 of a block
13 are diverging in radial outward direction of the inlet
flange 9. This means that upon a sudden pulling force
on the protective cover 2, the cover 2 may pull the pres-
sure elements 26 in radial outward direction such that

the distance between neighbouring pressure elements
26 decreases. Consequently, it becomes still more diffi-
cult to move the crease 15 of the cover 2 in radial outward
direction of the inlet flange 9.
[0035] Figs. 22-29 show the manner of fixing the pro-
tective cover 2 at the suction inlet 5, but a similar manner
can be used for fixing the protective cover 2 at the impeller
shaft flange 10.
[0036] The invention is not limited to the embodiments
as shown in the drawings and described hereinbefore,
which may be varied in different manners within the scope
of the claims. For example, alternative holding members
are conceivable for fixing the protective cover to the cas-
ing.

Claims

1. A slurry pump (1) for pumping a liquid and solid par-
ticle mixture, comprising a casing (3) which accom-
modates a drivable impeller and includes a suction
inlet (5) and an outlet (6), and protection means (2)
for protecting the environment against leakage of liq-
uid or ejection of fragments of the casing (3) in case
of damage thereof, characterized in that the pro-
tection means comprises a protective cover (2)
which is wrapped around the casing (3).

2. A slurry pump (1) according to claim 1, wherein the
cover (2) comprises a flexible fabric.

3. A slurry pump (1) according to claim 1 or 2, wherein
the cover (2) comprises a textile.

4. A slurry pump (1) according to one of the preceding
claims, wherein the cover (2) comprises a woven
fabric or non-woven material.

5. A slurry pump (1) according to claim 4, wherein the
fabric comprises plastic fibres.

6. A slurry pump (1) according to one of the preceding
claims, wherein the impeller is coupled to an impeller
drive shaft which leaves the casing (3) at a drive
shaft side (10) as seen from the impeller, wherein
the protective cover (2) is attached to the casing (3)
through holding members (7, 8, 9, 10, 13) at the suc-
tion inlet (5), at the outlet (6) and the drive shaft side
(10).

7. A slurry pump (1) according to claim 6, wherein at
least one of the holding members comprises a flange
(7, 9, 10) and a clamp (8, 13) for clamping the pro-
tective cover (2) between the clamp (8, 13) and the
flange (7, 9, 10).

8. A slurry pump (1) according to claim 7, wherein the
clamp is formed of a plurality of blocks (13) which
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are mountable to the flange (9, 10) in circumferential
direction thereof.

9. A slurry pump (1) according to claim 8, wherein each
of the blocks (13) is provided with a cavity (14) at its
side facing the flange (9, 10) which is arranged such
that after mounting the blocks (13) on the flange (9,
10) the cavities (14) form a ring-shaped channel be-
tween the blocks (13) and the flange (9, 10) for re-
ceiving a thickened end portion of the cover (2) for
receiving a thickened end portion of the cover (2).

10. A slurry pump (1) according to claim 9, wherein the
protective cover (2) at the flange (9, 10) is folded
about a string (12) hence forming a hem (11) with
the string (12) therein, wherein at least a part of the
hem (11) including the string (12) is accommodated
in said ring-shaped channel.

11. A slurry pump (1) according to one of the claims 8-10,
wherein a crease flattener (18) is fixed between two
neighbouring blocks (13), which crease flattener (18)
presses a crease (15) of the protective cover (2)
against the flange (9, 10).

12. A slurry pump (1) according to claim 11, wherein the
crease flattener (18) and the blocks (13) are provided
with cooperating locking members (24, 25) for lock-
ing the crease flattener (18) between the blocks (13)
in a radial direction of the flange (9, 10).

13. A slurry pump (1) according to one of the claims 8-12,
wherein each of the blocks (13) are provided with at
least two pressure elements (26), which are freely
movable with respect to the flange (9, 10) in radial
outward direction thereof, wherein the pressure el-
ements (26) of two neighbouring blocks (13) face
each other and a crease (15) of the protective cover
(2) extends between the pressure elements (26),
wherein the pressure elements (26) in circumferen-
tial direction of the flange (9, 10) and the blocks (13)
are adapted such that the distance between the pres-
sure elements (26) decreases upon moving the pres-
sure elements (26) in radial outward direction there-
of.

14. A slurry pump (1) according to claims 11 and 13,
wherein the pressure elements (26) are movable out-
side the crease flattener (18).
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