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A cleaning device
(1) of the type operating
by means of a pair of
hydraulic nozzles (2), each
nozzle spraying a cleaning
liquid jet which carries out
a swabbing action, allowing
a  considerable  handling
flexibility by making the
nozzles (2) substantially
independent from each other,
and comprising an operative
end (3) for handling said
hydraulic nozzles (2); and
a feeding unit (4) operating
said hydraulic nozzles (2)
by unwinding and winding
a pair of hoses (5), each
tube being connected to
the  respective  hydraulic
nozzle (2), comprising a
reel (21), wherein said
hoses (5) are wound; one or
more motor—driven rotating
elements (23) for moving
said hoses (5) forward and
backward; a drive shaft (30)
controlled by a reversible

mover (29), mechanically connected both to the reel (21) and the rotating elements, so as to provide them with the same direction of
rotation, said reel (21) being connected to said drive shaft (30) by a first power chain (31, 32, 34, 36) which operates when the hoses 5)
are moved backward, with said rotating elements being independently connected from each other to said drive shaft (30) by respective
second power chains (31, 33, 35, 37) which operates when said hoses (5) are moved forward.
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“CLEANING DEVICE”
DESCRIPTION

The present invention relates to a cleaning device, in particular for tube
bundles and the like, comprising a pair of hydraulic nozzles which carry out a
swabbing action by spraying a cleaning liquid.

In its general-purpose embodiment, such device comprises an operative end
for handling said nozzles, and a feeding unit moving said nozzles by winding
and unwinding a pair of hoses, each connected to its respective hydraulic
nozzle, said feeding unit comprising a reel wherein the hoses are wound,
and one or more motor-driven rotating elements, which are apt to drag
forward and backward said hoses.

As it is known, devices of the above-mentioned type are used especially in
petrochemical plants, refineries and thermal power plants during
maintenance operations for cleaning of heat exchange tube frames,
eliminating the need to disassemble said frames.

In this kinds of applications, whose object is to remove said frames fouling
which limits the effectiveness of the heat exchange, time is a crucial factor,
as protracted maintenance extends downtime of said complex plants,
resulting in money loss.

Present techniques provide manual operation of the hydraulic nozzles,
possibly with the help of motor-driven mechanisms for winding and
unwinding the hoses feeding the hydraulic nozzles, followed by manual
finishing. A mechanism of this kind is described in European Patent No.
0,446,653 B1 in the name of MIGEN S.r.l.

Such techniques are siow, and imply the presence of at least two people
carrying out a particularly heavy work.

Further devices are known, which provide mechanical operation of the pair of
nozzles, wherein the control of the forward and backward motion is carried
out by a single drive unit that acts on the nozzles only, i.e. on the rotating
elements which are intended to move the hoses forward, feeding the
nozzles

Said devices, even if they speed up the cleaning operations, involve
reliability problems as, in cases when progress of one of the nozzles is
stopped, for example because of particularly hard fouling, the other nozzie
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stops as well.

Other systems comprise winches provided with helicoidal grooves or similar
thrusting means for unwinding hoses from a reel, or smooth drums having
roller assemblies that force the tubes against the cylindrical surface of the
reel. These systems, like the ones mentioned above, provided with
pneumatic drives, involve great problems with the nozzle synchronization.

Moreover, they are not particularly suitable for multiple nozzle operation.

The technical problem which underlies the present invention is to provide a
cleaning device for overcoming the drawbacks mentioned with reference to
the prior art.

Said problem is solved by a cleaning device, as set forth above,
characterized in that said feeding unit comprises at least one drive shaft
operated by a reversible mover, mechanically connected both to the reel and
the rotating elements so as to provide them with the same direction of
rotation, said reel being directly connected to said drive shaft by means of a
first power chain which operates when the hoses are moved backward, and
said rotating elements being independently connected from each other to
said drive shaft by means of respective second power chains which operate
when said hoses are moved forward.

The main advantage of the cleaning device according to the present
invention is that it allows the nozzles to be moved forward independently
from each other, so that while one of them is applied in the removal of hard
fouling, the other is moved forward inside the tube bundle carrying out its
own cleaning actions.

Furthermore, the reliability of the device is increased, while operating time is
reduced, as no nozzle suffers an inactivity period during cleaning operations.

The present invention will be hereinafter disclosed by a preferred
embodiment thereof, shown as a non-limiting example, with reference to the
annexed drawings wherein:

* figure 1 is a perspective view of the cleaning device according to the
present invention;

* figure 2 is a more detailed perspective view of the cleaning device of
figure 1;
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+ figure 3 is an elevational side view of a detail of the cleaning device of
figure 1;

+ figure 4 is a side cross section view, along line A-A of figure 3, of the detail
illustrated in said figure;

* figure 5 is an elevational side view of a further detail of the cleaning device
of figure 1; and

* figure 6 is a side cross section view, along line B-B of figure 5, of the detail
shown in said figure.

With reference to figure 1, the cleaning device is indicated 1 as a whole. It is
of the type normally used in petrochemical plants, refineries, thermal power
plants and similar plants during maintenance operations for cleaning heat
exchange tube frames, eliminating the need to disassemble said frames.

To this purpose, the device 1 comprises a pair of hydraulic nozzles 2 to be
inserted inside the tubes, which spray a cleaning liquid jet, for example high-
pressure water, carrying out a swabbing action inside the tubes.

The device 1 illustrated hereby generally consists of three components: an
operative end 3, held by an operator to handle said hydraulic nozzles 2; a
feeding unit 4, moving said hydraulic nozzies 2 by winding and unwinding a
pair of hoses 5, each tube being connected to the respective hydraulic
nozzle 2; and a power unit 6, which provides the feeding unit 4 and the
nozzles 2 with the required power as it will be explained herebelow, for the
forward and the backward motion of the nozzles 2.

In the present embodiment, pressurized water is provided by a feeding
pipeline C, directly connected to the feeding unit 4.

The end 3 (figure 1) comprises a pistol-grip 7 supporting the pair of nozzles
2, which is used to position the latter in front of the inlet of the tube frame or
bundie to be swabbed.

The pistol-grip 7 comprises switches to control the forward and the backward
motion of the nozzles 2, together with the injection and the shutdown of the
water flow.

Moreover, said pistol-grip 7 comprises a pitch adjuster of the usual type and
hence not shown in figure 1, able to adjust the distance between the axes of
the two nozzles to the pitch of the tubes to be swabbed.
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Each nozzle 2 comprises a spraying outlet 8 and a protective element 9,
protecting the operator from high-pressure liquid spray, which can be placed
on the respective inlet of the tube to be cleaned.

The outlet 8 can be of the multiple-jet type, i.e. able to spray various jets
whose directions originating from the outlet or head 8, to increase the
swabbing action of said nozzle 2.

The end 3 is connected to the feeding unit 4 by means of a pair of flexible
safety pipes 10, for example of the corrugated-surface type, inside which are
housed the respective hoses 5, which feed the nozzles 2 with the water to be
sprayed.

The main function of the flexible pipes 10 is the protection of said hoses 5,
whose diameter is large enough to allow the hoses 5 to slide freely.

The power unit 6 (figure 1) comprises a first engine 11, which is the primary
source of mechanic and hydraulic power of the device 1.

Said engine 11 can be for example of the silenced Diesel type, fed from a
respective fuel, i.e. naphtha, tank 12, controlied by a suitable control board
13. Moreover, the engine 11 comprises a battery, not shown, for both the
start up and the supply of the control board 13.

Furthermore, the power unit 6 comprises a first high-pressure hydraulic
pump, driven by the engine axle and therefore not shown, for an oil circuit
which, as will be explained herebelow, supplies hydraulic energy needed for
moving the hoses 5 and the nozzles 2 forward and backward. Said pump is
fed by a second tank 15 for the oil.

Pressurized oil is forwarded and brought back into the pump by a group of
valves 14 and through respective first supply and return tubes, connecting
the power unit 6 to the feeding unit 4.

The power unit 6 comprises also a terminal board 17, connecting it to the
feeding unit 4 by way of a suitable electrical connection 18.

The feeding unit 4 (figure 1 and 2), mounted on wheels 19, corhprises a
frame 20 having a substantially parallelepipedal shape, wherein its
components are installed.

The unit 4 comprises a reel 21, consisting of two separate spools indicated
21a and 21b, wherein hoses 5 are wound.
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The reel 21 is installed on a first driven shaft 22, installed on the frame 20.
Furthermore, the reel 21 horizontal axis of rotation is adjacent to one of unit
4 end side, i.e. the one wherefrom protective pipes 10 branch out, with the
hoses 5 which are wound so as to unwind from the bottom of the reel 21,
proceeding toward the center of the unit 4.

The reel 21 comprises, at its driven shaft 22 (figure 4), a rotating fluid joint 43
for the connection with the feeding pipeline C, which supplies high-pressure
liquid, i.e. water in this example, to the wound hoses. To this purpose the
joint 43 is provided with a thnreaded hub 44.

Such joint must withstand a 100 MPa pressure.

The unit 4, moreover, comprises a pair of rotating elements which, in the
ilustrated embodiment, comprise respective pulleys, each indicated 23,
receiving in corresponding races 24 the hoses 5 from the reel 21. In order to
guarantee the input of the hoses 5 into the corresponding race 24, the
bottom of the pulley 23 comprises a leading element 45.

The pulleys 23 are mounted inside the frame 20 by means of a second
horizontal driven axle 25, paraliel to the axie of the reel 21 and instalied
substantially at the same level.

The hoses 5 are wound on the respective pulleys 23 with a circular arc of
approximately 190°, and in any case wider than 180°. At the upper apex of
the pulleys 23, the hoses 5 come out of the respective races 24 and are
introduced into the respective protective pipes 10, which connect them to the
respective hydraulic nozzles 2, as previously ililustrated.

At said pulleys 23 (figures 5 and 6), the unit 4 comprises means to keep the
hoses 5 adhered to the respective races 24.

Said means comprises, for each pulley, a plurality of chained rollers 26,
which extend from the leading element to the upper apex of the pulleys 23.

In this preferred embodiment, the chained rollers 26 comprise an idle roller
triple chain 27, extending on a circular arc of at least 180°, in order to keep
the hoses 5 pressed and adhered to the races 24 because the high-pressure
liquid flowing inside hoses 5 tends to keep them straighten.

This straightening force tends to eliminate the contact between the hoses 5
and the races 24, preventing pulleys 23 from dragging said hoses 5, as will
be explained in detail herebelow,.



10

15

20

25

30

WO 00/17595 PCT/IT98/00253

-6 -
Moreover, the unit 4 comprises (figures 5 and 6) first tightening means for
keeping the triple chain 27, i.e. the rollers 26, pressed to the respective hose
5. Said tightening means comprises a dynamometer system 28 for exerting a
variable adhering pressure against hoses 5, which will conveniently increase
as internal pressure in hoses 5 increases.

The feeding unit 4 comprises moreover a reversible mover 29, fed by the
driving fluid supplied by power unit 6.

Said mover 29 is a reversible hydraulic motor, i.e. capable of reversing its
direction of rotation by simply changing the path followed by the driving fluid
inside said motor.

Adjustment of motion induced by unit 4 is this way made easy, and can be
controlied directly from operative end 3.

The hydraulic motor 29 rotates, in both possible directions, a drive shaft 30
of the feeding unit 4, provided with first gear wheels 31 for transmitting the
motion produced by the shaft 30.

The driven axles 22, 25 of the reel 21 and of the pulleys 23 have, in their
turn, respective second and third gear wheels 32 and 34 for to receive the
motion produced by the drive shaft 30.

The drive shaft 30 is mechanically connected to control the rotation of the
reel 21 and of the pulleys 23, so as to provide them with the same direction
of rotation: the hoses 5, dragged by the pulleys 23, move forward when the
reel 21 is operated to unwind, while, when the reel 21 is operated to wind,
the hoses 5 are dragged backward.

To this purpose, the reel 21 is connected to the drive shaft 30 by a first
power chain comprising, besides the relative first and second gear wheels 31
and 32, a first element for the transmission of motion 34, i.e. a chain in the
present embodiment.

Similarly, each pulley 23 is connected to the drive shaft 30 by a second
power chain, comprising a second element for the transmission of motion 35,
i.e. a chain in the present embodiment.

Said first and second power chains further comprise respective first and
second freewheel couplings 36 and 37, mounted on the respective driven
shafts 22 and 25, which allow rotation of the reel 21 and of the pulleys 23.
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In particular, the free-wheel coupling 36 and 37 are unidirectionally driving
couplings provided with a driving element which drives a driven element only
when it rotates in a predetermined direction, while it automatically
disengaging when the driving element rotates in the opposite direction.

in the device 1 of the present invention, the free-wheel couplings 36 and 37
are placed so that the first power chain, i.e. the one connecting the drive
shaft 30 and the reel 21, operates only when the hoses 5 are dragged
backward, i.e. when the hoses 5 are wound on the reel 21.

Furthermore, the second power chain, i.e. the one connecting the drive shaft
30 and the pulleys 23, operates only when hoses 5 are moved forward, i.e.
when the hoses 5 are pulled and pushed by the operation of the pulleys 23,
in cooperation with the means for keeping hoses 5 adhering to the races 24.

In other words, thanks to the action second power chain, the drive shaft 30
transmits the motion to the pulleys 23, which make the hoses 5, and
therefore the hydraulic nozzles 2 of the operative end 3, move forward, as
the reel 21, which is free to rotate following to the direction of the pulleys 23,
unwinds.

The driving action of the pulleys 23. i.e. of the corresponding rotating
elements such as drums and similar, is therefore allowed, causing the hoses
5 to be dragged.

It is to be noted that each pulley 23 comprises its own second free-wheel
coupling 37, so that they are connected to the drive shaft 30 independently
from each other.

Moreover, thanks to the second power chain, the drive shaft 30 transmits the
motion to the reel 21, which carries out a driving action, winding and
unwinding the hoses 5.

The continuity of the motion transmission along the first and second power
chains is assured by respective second and third tightening means, 38 and
39, connected to -the frame 20 and partly shown (figure 2), which are
connected to respective first and second auxiliary gear wheels, 40 and 41,
which, supported by bars 42 hinged to frame 20, are pressed against motion
transmitting chains 34 and 35.

The feeding unit 4 further comprises a limit stop 46 (figure 3), to prevent the
pulleys from thrusting when the reel 21 has completed unwinding or winding
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of hoses 5.

Said stop 46 comprises a threaded spindle 47 caused to rotate by the reel 21
by means of a suitable gear-down device, comprising a chain 50 and a
further gear wheel 51, both connected to the first driven axle 22, and suitable
down gears 52, moving a mated follower 48, running along the whole spindle
length: in one direction during unwinding, and in the opposite direction during
winding.

The spindle ends are equipped with limit switches 49, contacted by the
mated follower 48, so as to stop the hydraulic motor 29.

The hydraulic motor 29 is stopped also when the nozzles 2, or one of the
nozzles 2, meet excessive resistance. This stop is regulated by a hydraulic
oil maximum allowable pressure, monitored by a special sensor connected to
the control board, not shown in the figure.

As for the operation of the device 1, the operator inserts the nozzles 2 in the
respective tubes, and controls from the operative end 3 as the hoses 5 start
unwinding and progress through the protective pipes 10, pushing the
hydraulic nozzles 2 forward. In order to better protect the operator from
sudden pressure surges, which could cause the hoses to dart like whips, the
protective pipes 10 are stiffen by an internal steel braided wire.

At the same time, the pressurized water flow is let in, allowing it to defouling
the tube internal surfaces.

As the hoses 5 move forward, the second free-wheel coupling 37 causes the
pulleys 23, rotated by hydraulic motor 29 by means of the drive shaft 30 and
the second power chain 31,33,35,37, to drag the hoses 5.

The adherence between the hoses 5 and the races 24 is assured by the
above described means, which prevent the hoses 5 from slipping off, thus
making the swabbing action ineffective.

When fouling is so hard as to slow down the forward motion of one of the
nozzles 2, paired motion of the nozzles can be reinstated by reversing the
rotation of the reel 21, i.e. making it drive and drag the hoses 5, so that the
pulley 23 relative to the slowed-down nozzle 2, under the pulling action of the
reel 21, will be able to rotate more quickly than the other puiley, pulleys 23
being free to rotate on their free-wheel couplings 37 and being no longer
connected to the second driven shaft 25.
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Any skewness of the nozzies 2 can therefore be corrected by a suitable
winding, even minimum, by reversing the motion, an operation which can be
easily carried out by a single operator from operative end 3.

A series of “forward and backward” operations can therefore rid the tube of

5 the hardest fouling. In case the elimination of the latter should prove
impossible, this would anyway cause nozzle 2 to stop, so that the operator
would not need to stop the device 1 manually.

Besides the above mentioned advantage, the cleaning device described
above with reference to its preferred embodiment allows significant reduction

10 in the number of manual operations, with consequent reduction in the
number of working accidents.

In order to meet further contingencies, a man skilled in the art will be able to

provide the cleaning device described above with further different

modifications, all of them, however, falling within the protective scope of the
15 present invention, as defined by claims annexed hereinafter.
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CLAIMS

1. A cleaning device (1) of the type operating by means of a pair of hydraulic
nozzles (2), each nozzle spraying a jet of cleaning liquid which carries out a
swabbing action, comprising an operative end (3) for handling said hydraulic
nozzles (2); and a feeding unit (4), operating said hydraulic nozzles (2) by
winding and unwinding a pair of hoses (5), each hose being connected to a
respective hydraulic nozzle (2), said feeding unit (4) comprising a reel (21)
wherein said hoses (5) are wound, and one or more motor-driven rotating
elements (23), which are apt to drag forward and backward said hoses (5),
characterized in that said feeding unit (4) comprises at least one drive shaft
(30), controlled by a reversible mover (29) mechanically connected both to
the reel (21) and the rotating elements (23) so as to provide them with the
same direction of rotation, said reel (21) being directly connected to said
drive shaft (29) by means of a first power chain (31, 32, 34, 36), which
operates when said hoses (5) are moved backward, and said rotating
elements (23) being independently connected from each other to said drive
shaft (30) by respective second power chains (31, 33, 35, 37), which operate
when said hoses (5) are moved forward.

2. The cleaning device, according to claim 1, wherein said first power chain
comprises a first element (34) for the transmission of motion, connected to a
respective first freewheel coupling (36) placed so as to transmit motion to the
reel (21) when the hoses (5) are moved backward, allowing the reel (21)
driving action to unwind the hoses (5).

3. The cleaning device (1), according to claim 1, wherein said second power
chain comprises a second element (35) for the transmission of motion,
connected to a respective second free-wheel coupling (37) placed so as to
transmit motion to the respective rotating element (23) when the hoses (5)
are moved forward, allowing the rotating element driving action to drag the
hoses (5).

4. The cleaning device (1), according to claim 2, wherein said first element
(34) for the transmission of motion is a chain.

5. The cleaning device (1) according to claim 3, wherein said second
element (35) for transmission of motion is a chain.

6. The cleaning device (1) according to claim 1, wherein said one or more
motor-driven rotating elements comprise a pair of pulleys (23), each of them
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being apt to drag a corresponding hose (5) inserted in a respective race (24)
of the pulley (23).

7. The cleaning device (1) according to claim 6, wherein the feeding unit (4)
comprises means (26, 27) to keep the hoses (5) adhering their respective
race (24).

8. The cleaning device (1) according to claim 7, wherein said means to keep
the hoses (5) adhering comprise a plurality of rollers (26) chained
therebetween and kept adhered to the respective hose (5) by tightening
means (28).

9. The cleaning device (1) according to claim 8, wherein said plurality of
chained rollers (26) is and idle roller triple chain (27).

10. The cleaning device (1) according to claim 8, wherein the chained rollers
(26) extend on a circular arc of at least 180° on the respective puliey (23).

11. The cleaning device (1) according to claim 8, wherein said tightening
means comprise a dynamometer system (28).

12. The cleaning device (1), according to claim 8, wherein adhering pressure
exerted by the tightening means (28) increases as the hose (5) internal
pressure increases.

13. The cleaning device (1) according to claim 1, where said reversible
mover comprises a hydraulic motor (29) to which power is supplied by
means of a pressurized driving liqguid from a power unit (6).
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