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CRAWLER CONFIGURED FOR SUBMARINE USE

The invention relates to a crawler configured for submarine use, with a bottom side for

positioning against and adhesion by suction to a surface. The crawler can be used for

transport or work, for example cleaning the hull of a ship, installing and removing

plugs in hull passages and operating valves on underwater structures.

The greatest challenge with crawlers cleaning surfaces and performing other tasks

under water is to hold the crawler stationary when it is subjected to forces from a con

trol cable, possibly from a hose for collecting marine fouling, sea currents or waves.

Prior art for underwater transport and work comprises several types of devices. For

work offshore, so-called Remotely Operated Vehicles or ROVs are often used. An ROV

moves in the water by means of one or more propellers and can, to a certain degree,

remain stationary relative to the place where it is carrying out work. If there is a fixed

object to grasp, the ROV can hold on t o this with a manipulator arm provided with a

grip-hook. If there is a smooth surface that is stationary, the ROV may hold on to this

with an arm provided with a suction cup. If the ROV holds on t o a hull and is subjected

to back-sweep or rolling motion of the hull, it will easily pivot around the point that it

is holding on to, and therefore will often not have a sufficiently stable working posi

tion. A task which is carried out by ROVs today is installing and removing plugs from

hull passages in connection with the maintenance of valves on the inside of the hull

passage. Such work is often dependent on calm weather in order to be carried out.

With the present-day techniques, the weather may thus delay the work.

Surfaces that are submerged in water, especially in seawater, will become covered in

fouling over time. The fouling may consist of organisms with a hard surface, like shells

and barnacles, and of organisms with a soft surface, like tunicates and algae. A sur

face which is basically even will become uneven after some time as it becomes cov

ered in fouling. In particular, fouling from shells will give an uneven surface.



For cleaning hulls of marine fouling, there are several variants of cleaning tools and

methods of holding the device carrying the cleaning tool stationary relative to the sur

face that is being cleaned. The device may be held stationary with propellers, or the

device may be provided with a vacuum chamber sealing against the surface that the

device is cleaning and a propeller or a pumping device creating negative pressure in

the vacuum chamber, so that the device is pressed against the surface. Other solu

tions include holding the device against the surface by means of magnets. Some de

vices have an arrangement with two sets of suction cups which alternatingly adhere to

and move along the surface, so that the device moves discontinuously along the sur

face, which is undesired in many cases.

A suction cup can be made from a relatively soft, elastic material. The rim of the suc

tion cup against the surface towards which it is sucked may thereby mould itself

somewhat according t o the character of the surface. The wall of the suction cup may

be stretched or compressed so that the height of the suction cup may vary. The wall

of the suction cup may further be given a corrugated form, so that the height of the

suction cup may be further varied.

US4574722 discloses a device which is driven by wheels and moves along a surface

which is to be cleaned. A negative pressure in a vacuum chamber holds the device to

the surface. One drawback is that the vacuum chamber gives less holding power than

the use of a suction cup against the surface. The friction of the wheels against the sur

face determines the stability of the device. Another drawback is that a diver is needed

t o control the device. A larger crew will therefore be required in order to perform the

task than if a remote-controlled device carries out the same job.

US3906572 discloses a device resembling the device disclosed in US4574722, but the

device is remote-controlled via a control cable. The device may also form a platform

for operations under water. A drawback of this structure is that if the device is to carry

out work that subjects the device to great forces, the pressure in the vacuum chamber

must be so low that the friction between a seal in the vacuum chamber, sealing

against the surface, and the surface will be so great that the wheels that are to pro

vide propulsion may spin during a movement.

US4270484 discloses a device for carrying out painting. The device uses elect romag

nets to hold on t o the surface to be painted, in addition to a propeller as an extra

means. This device uses a wheel for propulsion on the surface. A drawback of e lec

tromagnets is that the magnets only create a holding force against the surface and

that it is the friction of the wheel against the surface that determines the stability of



the device. Another drawback is that the device can only be used on magnetic surfac

es.

WO8502135A1 discloses a crawler including two chains with suction cups to be placed

against a vertical or sloping surface. Negative pressure for the suction cups is con

trolled by separate valves for each suction cup. The crawler is relatively complicated.

A vacuum pump produces negative pressure in the suction cups via a separate vacu

um conduit which is located in an operator panel. The crawler is unsuitable for use in

water. Further, the vacuum conduit may kink at corner passages, for example, so that

the negative pressure disappears and the crawler loses its suction power against the

surface t o which it is attached. A further drawback is that the device includes a cable

in addition to the vacuum conduit for controlling the device. This complicates automat

ic manipulation of the crawler by the vacuum conduit being reeled on or off a drum.

US4664212 discloses a crawler including two tracks with recesses on their outer sides

for positioning against a surface. Support beams with vacuum chambers lie under the

tracks and on the opposite side of the recesses. Holes through the tracks form connec

tions between the vacuum chambers and the recesses. A negative pressure is thereby

created in the recesses when there is negative pressure in the vacuum chambers. The

tracks with the recesses adhere by suction to the surface. The design of the tracks is

an alternative t o the use of suction cups. The tracks are specially formed to be able to

move across a rough surface such as a rough concrete surface. Ordinary suction cups

easily become worn on such a surface and the crawler may fall down because of lack

of holding power. A drawback of this crawler is that it does not have any guides that

hold the tracks against the support beams. By a load on the crawler in a direction

away from the surface, there may thereby be a leakage of ambient air into the co n

nections between the recesses of the tracks and the vacuum chambers, so that the

negative pressure is reduced or disappears, and the adhesion to the surface ceases.

The crawler has air ejectors to create negative pressure and is equipped with air m o

tors for propulsion. The device will therefore not work in water. Another drawback is

costly and specially made tracks, and that the edges of the many vacuum chambers

will cause much wear on the track. A further drawback is that the tracks will have to

be run in mutually opposite directions or the track must be run only on one side of the

crawler for the crawler to change direction. The suction cups will then slide across the

surface, with resulting wear and a risk of losing their hold on the surface to which the

crawler is attached by suction.



EP0710188B1 discloses a crawler including two chains with suction cups for positioning

against a surface. Rails with grooves provided with channels lie under the chains on

the opposite side of the suction cups. Pipes through the chains form connections be

tween the suction cups and the channels which in turn are connected to a source of

negative pressure. Negative pressure may thereby propagate from the source of nega

tive pressure, via the channels and pipes to the suction cups, so that they adhere to

the surface. The channels are provided with lips which are resting against tracks on

the chains and provide sealing between the channels and the tracks. Each link of the

chains is provided with a projection that is guided by a groove in the rail. The crawler

is relatively complicated.

The invention has for its object to remedy or reduce at least one of the drawbacks of

the prior art or at least provide a useful alternative to the prior art.

An object of the invention is t o produce a crawler which is of a relatively simple st ruc

ture, in which the connection between the suction cups and the source of negative

pressure is simple and robust, while, at the same time, it is tight towards the sur

roundings, in which the track solution is simple and the tracks are carried stably, and

in which there are few valves and control devices, so that the crawler will be relatively

inexpensive to produce and have high reliability. The object is also to produce a crawl

er which, compared with known crawlers, lends itself well to carrying out operations

under water. An object is to produce a crawler which is suitable for installing and re

moving plugs in hull passages under water. A further object is to produce a crawler

which, compared with known crawlers, is better able to perform cleaning of surfaces

under water in a remote-controlled operation.

The object is achieved through the features which are specified in the description be

low and in the claims that follow.

The invention is defined by the independent claim. The dependent claims define ad

vantageous embodiments of the invention.

In a first aspect, the invention relates t o a crawler configured for submarine use, with

a bottom side to be placed against a surface, including:

- at least two wheels and a driving device for driving at least one of the two wheels;

- a track extending around and between the wheels, the track between the wheels

extending in an inner portion and an outer portion, wherein an outside of the outer

portion of the track forms the bottom side of the crawler;

- a rail positioned within an inside of the outer portion of the track;



- suction cups on the outside of the track for positioning against the surface; and

- a suction device in fluid communication with the suction cups so that a negative

pressure is produced in the suction cups when the suction cups on the outside of the

outer portion of the track are placed against the surface, and the crawler is thereby

held to the surface,

wherein:

- each suction cup is provided with a neck;

- the neck is attached to the track;

- the neck includes at least one gap;

- an internal channel extends through the neck and the track;

- a guide fixed to the crawler includes at least one guide rib positioned in the gap

when the suction cups are on the outside of the outer portion of the track; and

- a fluid connection is formed from a vacuum pipe, a vacuum chamber and the internal

channel between the suction device and the suction cup.

The guide may consist of two longitudinal guide ribs on opposite sides of the neck of

the suction cup. The guide may be fixed to the rail.

The neck of the suction cup may be provided with a circular groove; and a guide rib

may be provided with a longitudinal bulb in its longitudinal direction, so that the bulb

may be positioned in the groove when the suction cup is on the outside of the outer

portion of the track. The suction cup may be attached to the track with a pipe to an

attachment block on the inside of the track. The suction cup may be attached t o the

track with a through connection to an attachment block on the inside of the track.

The track may, in the main, lie tight and slidingly against the rail in a sealing area.

The rail may have at least one vacuum chamber in fluid communication with the suc

tion device via the vacuum pipe, and the vacuum chamber may be in fluid communi

cation with the internal channel through a longitudinal opening. The rail may have two

vacuum chambers, each in fluid communication with a respective suction device

through a respective vacuum pipe, and the two vacuum chambers may be in fluid

communication with different internal channels.

The rail may have a recessed longitudinal middle portion which is open towards the

track, and the recessed middle portion may be in fluid communication with the suction

device via the vacuum pipe, so that a vacuum chamber is formed between the rail and

the track, and the vacuum chamber is in fluid communication with the internal chan

nel.



The vacuum chamber may be elongated.

A method of changing the direction of propulsion of a crawler as described above is

disclosed as well. By an attachment plane is meant a plane consisting of the suction

cups on the bottom side of the crawler. When the suction cups are attached to the

surface, the attachment plane coincides with the surface. Actuators may move the

suction cups from a position above the attachment plane, towards and past the at

tachment plane and back. The suction cups may be collectively or individually mova

ble. The number of holders, actuators and suction cups may be different from the four

shown.

Taking for a starting point that the crawler is stuck fast to a surface, such as the sur

face mentioned above, by means of the suction cups, the changing of the direction of

propulsion of the crawler comprises the following steps:

- moving at least two of the suction cups of a turntable up to the attachment

plane, into position against the surface;

- producing negative pressure between the suction cups of the turntable and

the surface, so that the suction cups of the turntable adhere to the surface;

- removing negative pressure between the suction cups of the track and the

surface, so that the suction cups of the track detach from the surface;

- further moving the suction cups of the turntable past the attachment plane so

that the suction cups of the track and the frame structure of the crawler are lifted

from the surface;

- rotating the turntable relative to the frame structure, so that the frame st ruc

ture is rotated relative to the surface;

- retracting the suction cups of the turntable to the attachment plane, so that

the suction cups of the track are positioned against the surface;

- producing negative pressure between the suction cups of the track and the

surface, so that the suction cups of the track adhere to the surface;

- removing negative pressure between the suction cups of the turntable and

the surface, so that the suction cups of the turntable detach from the surface; and

- further retracting the suction cups of the turntable from the attachment

plane, so that the suction cups of the turntable are moved away from the surface.

The frame structure forming a main part of the crawler has thereby been rotated and

been given a new longitudinal direction, which is also the new direction of propulsion

of the crawler. If necessary, the above steps are repeated until the crawler has been

given the desired direction of propulsion.



A plug tool for installing and/or removing a plug in a hull passage by means of a

crawler as described above and a method of using the plug tool to install and/or re

move a plug in a hull passage are described as well. The plug tool may include two or

more linear actuators mounted on a turntable. The linear actuators may have piston

rods which are attached to a plug holder which includes a locking device for the plug.

The locking device may be a hydraulic actuator. The plug tool may also include a line

ar actuator with a piston rod with a hydraulic male coupling for engagement with a

corresponding hydraulic female coupling in the plug for the application of hydraulic

pressure. The linear actuators may be electric, or they may be hydraulic cylinders.

The plug is locked to the plug holder, and the hydraulic male coupling is inserted into

the hydraulic female coupling before the crawler is launched. The crawler is then posi

tioned at and attached to the surface with the suction cups as described above, with

the plug over the hull passage. Then the linear actuators are extended as well, so that

the plug is moved towards the surface and into the hull passage. Next, hydraulic pres

sure is applied to the plug through the hydraulic couplings, which, in a known manner,

brings a seal in the plug to expand against a sealing surface in the hull passage so

that the plug is locked. After that, the actuator is retracted, so that the male coupling

is pulled out of the female coupling. The locking device is disengaged, so that the plug

is released from the plug holder. Then the linear actuators are retracted, so that the

plug holder is removed from the plug. The plug is now installed in the hull passage

and the crawler may be detached from the surface and removed. The above may be

repeated in the reverse order when the plug is to be removed from the hull passage.

Instead of having the linear actuator with the hydraulic male coupling, the plug tool

may alternatively be equipped with a motor or an actuator for the operation of a m e

chanically operable plug.

In what follows, examples of preferred embodiments are described, which are v isua

lized in the accompanying drawings, in which:

Figure 1 shows a front view of a crawler according to the invention;

Figure 2 shows a side view of the crawler according to the invention;

Figure 3 shows a bottom view of the crawler according to the invention;

Figure 4 shows a cross section on a larger scale taken along the section line A-A of

figure 2 of one embodiment of the invention;



Figures 5 and 6 show cross sections taken along the section line A-A of figure 2 of an

other embodiment of the invention;

Figure 7 shows a cross section taken along the section line A-A of figure 2 of yet

another embodiment of the invention;

Figure 8 shows the same as figure 4 with an alternative embodiment of a suction

cup;

Figure 9 shows the same as figure 4 with an alternative design of a guide and the

neck of a suction cup;

Figure 10 shows a bottom view on a smaller scale, in which the crawler has a buoy

ancy body mounted on it; and

Figure 11 shows a front view, in which the crawler has a tool mounted on it for the

installation and removal of a plug in a hull passage.

Figures 1-3 show from the front, from the side and from below, respectively, a crawler

according to the invention for use in work under water.

Directional indications, such as "bottom side", "longitudinal direction", "lateral direc

tion", "vertical direction" and so on, refer to the crawler when it is on a horizontal sur

face. Referring to figures 1-3, showing the x-, y- and z-direction, the "longitudinal d i

rection" is the x-direction, in the horizontal plane, coinciding with the direction of

propulsion of the crawler. The "lateral direction" is the y-direction, in the horizontal

plane, transverse to the direction of propulsion of the crawler, and the "vertical direc

tion" is the z-direction. Such directional indications are used for practical reasons to

describe the crawler and are not to be understood as restrictive, as an important

characteristic of the crawler is that, under water, it can be used in any orientation.

In the drawings, the reference numeral 100 indicates a crawler. The crawler 100 in

cludes a frame structure 1 with at least two wheels 2 mounted thereon, one wheel 2

at the front and one wheel 2 at the back. In the drawings, the crawler 100 is shown

with four wheels 2, with two wheels 2 on either side of the crawler 100. The crawler

100 is provided with a driving device 19 for driving at least one of the wheels 2 (see

figure 3). The wheels 2 may be connected in pairs to a through shaft 9, or each wheel

2 may be provided with a separate shaft 9 . A track 4 extends around and between the

wheels 2 on either side of the crawler 100. Between the wheels 2, the track 4 extends

in an inner portion 29 and an outer portion 30, wherein an outside of the outer portion



30 of the track 4 forms a bottom side of the crawler 100. A rail 3 1 (see figures 4, 8, 9)

is placed within an inside of the outer portion 30 of the track 4 and is fixed relative to

the frame structure 1. On its outside, the track 4 is provided with suction cups 5 with

suction faces facing away from the track 4 .

The crawler 100 also includes a suction device 50 which is in fluid communication with

the suction cups 5. The suction device 50 may be any device that produces a negative

pressure relative to the ambient pressure of the water surrounding the crawler 100.

The suction device 50 may be, for example, a pump (not shown) which is mounted in

the crawler 100 or a hose connection to a pump standing on a boat deck (not shown).

The crawler 100 further includes propellers 17 for moving the crawler 100 in a long i

tudinal direction and in a lateral direction, and propellers 18 for moving the crawler

100 in a vertical direction.

The driving device 19 for the at least one of the wheels 2 and driving devices (not

shown) for the propellers 17, 18 may be electric, pneumatic or hydraulic motors. Elec

tric motors may be supplied with energy from batteries (not shown) or via a cable 23

from a boat (not shown), for example. Pneumatic or hydraulic motors may be supplied

with pressurized air or hydraulic fluid through an umbilical (not shown). As an alterna

tive, the crawler 100 may be provided with an electrically operated hydraulic pump

(not shown) which is supplied with electric power from batteries or via the cable 23. I n

addition to these energy consumers, the crawler 100 also contains actuators (not

shown) which may be electric, pneumatic or hydraulic, sensors, valves and control

devices, and possibly cameras, lights and tools, which may be supplied with energy

from batteries, through the cable 23 or from an electrically operated hydraulic pump.

The crawler 100 may be remote-controlled through the cable 23, or it may be operat

ed by a diver (not shown). A yoke 22 keeps the cable 23 at a distance from movable

parts that may damage the cable 23.

The crawler 100 as shown in figures 1-3 has negative buoyancy in water. It may

therefore be positioned under water by a hoisting device (not shown).

Figure 10 is a bottom view of the crawler 100 with a buoyancy body 24 mounted on it,

so that it will have approximately neutral buoyancy in water. When the crawler 100

has approximately neutral buoyancy, it can be positioned with the propellers 17, 18.

When in use, the crawler 100 is positioned with the suction faces of the suction cups 5

on the outside of the outer portion 30 of the track 4 facing a surface 28, see figure 2.

The surface 28 may be a ship's side. The suction device 50 produces negative pres-



sure between the suction cups 5 and the surface 28, so that the suction cups 5, and

thereby the track 4 and crawler 100, are stuck fast to the surface 28.

Figure 3 shows the crawler 100 from below, with a brush tool 20 mounted on it that is

equipped with a lifting/lowering device 21.

Figure 4 shows a cross section, taken along the section line A-A of figure 2, of one

embodiment of the invention. Each suction cup 5 is provided with a neck 5b, and the

neck 5b is attached to the track 4 . The neck 5b has an internal channel 32 which

forms part of a fluid connection between the suction device 50 and the suction cup 5.

A guide 6 which is fixed relative to the frame structure 1 of the crawler 100 guides the

necks 5b of the suction cups 5 in the longitudinal direction of the track 4 . The guide 6

in figures 4-8 consists of a longitudinal inner guide rib 61, on that side of the neck 5b

of the suction cup 5 which faces the middle portion of the crawler 100, and a longit u

dinal outer guide rib 63, on the opposite side of the neck 5b of the suction cup 5 . The

guide 6 fixes the neck 5b and consequently the track 4 in the transverse direction of

the track 4 .

The guide ribs 61, 63 are attached to the rail 31. The rail 31 is attached to a bracket 3

which is attached to the frame structure 1, see figure 1. The guide ribs 61, 63 could

alternatively have been attached to the bracket 3 or further alternatively directly or

indirectly to the frame structure 1 in some other way. Figure 1 and figures 4-8 show

the attachment of the rail 31, the guide ribs 61, 63 and the bracket 3 with bolts. A l

ternatively, some or all of these attachments could be welded joints.

The neck 5b of the suction cup 5 has an internal guide lip 33 and an external guide lip

34 positioned on the inside and outside, respectively, of the inner and outer guide ribs

61, 63. The guide lips 33, 34 form a gap 54 between them. The guide ribs 61, 63 are

positioned in the gap 54 so that the track 4 is prevented from lifting from the rail 31.

In figure 4, the internal channel 32 of the neck 56 is formed of a pipe 52 which forms

a through connection from the suction cup 5, through the neck 5b, through the track 4

and through an attachment block 5c. The attachment block 5c is recessed in the track

4 from the inside of the track 4, wherein the bottom side of the attachment block 5c in

the main flushes with the inside of the track 4 . The suction cup 5 and the track 4 are

formed from elastic materials, typically an elastomer. The neck 5b and the attachment

block 5 may be made from a more rigid material, the more rigid material possibly be

ing a polymer which may also be an elastomer. The pipe 52 forming the channel 32

may be made of metal, for example 316 stainless steel. Depending on the choice of



materials for the different components, they may be moulded together, glued toget h

er, vulcanized together, attached to each other by heat treatment or attached to each

other with a threaded connection. The pipe 52 may also be provided with an at tach

ment collar at one or both ends (not shown).

The rail 3 1 in figures 4, 8, 9 is shown as a channel section, but other forms may be

used as well, for example a pipe. An opening 8b in the form of a longitudinal gap in

the rail 3 1 forms a connection between an internal cavity 8 of the rail 31 and the

channel 32 of the neck 5b. The inner diameter of the channel 32 may correspond to

the width of the opening 8b. The inner diameter of the channel 32 may be somewhat

smaller than the width of the opening 8b. The inner diameter of the channel 32 may

be somewhat larger than the width of the opening 8b. It is advantageous that the

width of the opening 8b is narrow and the inner diameter of the channel 32 is small,

as this reduces the resistance that the track 4 will have to overcome to be moved

along the rail 31. The width of the opening 8b and the inner diameter of the channel

32 may not be too small as this will reduce the fluid flow in the suction cup 5 and

thereby the negative pressure created to give holding power against the surface 28.

A vacuum pipe 10 forms a connection between the cavity 8 of the rail 31 and the suc

tion device 50. Control devices not shown, such as switches, regulators and valves,

may be switched on and off and possibly control the negative pressure in the vacuum

pipe 10. When the pressure in the vacuum pipe 10 is lower than the ambient pressure,

a negative pressure is created in the cavity 8 of the rail 31, which may then be termed

a vacuum chamber. Water and possibly air will be sucked in from the area between

the suction cup 5 and the surface 28, see figure 2, through the channel 32 of the neck

5b, into the vacuum chamber 8 and further through the vacuum pipe 10 of the suction

device 50. Thereby negative pressure will arise between the suction cups 5 and the

surface 28, so that the suction cups 5 adhere to the surface 28. The track 4 lies, in the

main, tight and slides with its inside against the rail 3 1 in a sealing area 36. The seal

ing area 36 ensures that surrounding water, possibly air, is not or only in a limited

amount sucked into the vacuum chamber 8 between the track 4 and the rail 31.

Figures 5 and 6 show cross sections taken along the section line A-A of figure 2 of an

alternative embodiment in which a rail 31' includes two vacuum chambers 8' and 8"

which are connected t o their respective suction devices 50 through respective vacuum

pipes 10', 10". A bolt 35 connects the suction cups 5', 5" t o respective necks 5b', 5b",

the track 4 and respective attachment blocks 5c', 5c", in a corresponding way to that

explained for the pipe 52 forming the channel 32 in figure 4 . Figure 5 shows a through



channel 32' laterally offset in relation to the channel 32 of figure 4, forming a connec

tion from the suction cup 5' to the bottom side of the attachment block 5c', into

alignment with a longitudinal gap 8b' of the rail 31'. Figure 6 shows a correspondingly

laterally offset channel 32" which forms a connection from the suction cup 5" to the

bottom side of the attachment block 5c", into alignment with a longitudinal gap 8b" of

the rail 31'. The suction cups 5', 5" are positioned along the track 4, for example a l

ternately, so that the suction effect of the two vacuum chambers 8', 8" is distributed

between the suction cups 5', 5". Two vacuum circuits thereby appear. The rail 31' is

provided with a longitudinal seal 361 between the longitudinal gap 8b and the longit u

dinal gap 8b". The attachment blocks 5', 5" rest sealingly against the longitudinal seal

361. The longitudinal seal 361 may be formed from a resilient material, such as a rub

ber or a synthetic elastomer like polyurethane. If the negative pressure is reduced or

disappears in one vacuum circuit, which may be owing to a fault in the circuit, a leak

between the track 4 and the rail 31' in the sealing area 36, or a suction cup 5', 5" d e

taching from the surface 28 t o which it is attached, the suction cups 5', 5" in this cir

cuit will have their suction effect reduced or lose it. However, the suction effect of the

suction cups 5', 5" in the other vacuum circuit will not be affected.

The vacuum chambers 8, 8', 8" in figures 4-6, 8, 9 form an integral part of the rail 31,

31'. The rail 31, 31' extends between the wheels 2, which hold the track 4, and is

terminated at a short distance from the wheels 2 . However, the vacuum chambers 8,

8', 8" may be divided into several separate vacuum chambers placed one after anot h

er as part of or connected to the rail 31, 31' (not shown).

Referring to figures 4-6, 8, 9, the gaps 8b, 8b', 8b" are described as longitudinal gaps

8b, 8b', 8b". These gaps may extend over the entire length of the vacuum chambers

8, 8', 8". The gaps 8, 8', 8" may alternatively consist of several short, oblong open

ings, or many small openings that together give a sufficient connection between the

vacuum chambers 8, 8', 8" and the channels 32, 32', 32" in the necks 5b, 5b', 5b" of

the suction cups 5, 5', 5". It is only on that part of the outer portion 30 of the track 4

which rests against the rail 31, 31' between the wheels 2 that the channels 32, 32',

32" of the necks 5b, 5b', 5b" are in communication with the openings 8b, 8b', 8b" of

the vacuum chambers 8, 8', 8", so that the suction cups 5, 5', 5" will have negative

pressure and adhere to the surface 28. When a portion of the track 4 is either around

one of the wheels 2 or in a position in which the track 4 is about to make contact with

or leave the surface 28, or in the inner portion 29 of the track 4, there is no negative

pressure in the suction cups 5, 5', 5".



Figure 7 shows a cross section taken along the section line A-A of figure 2 of an alter

native rail 31" with a recessed longitudinal middle portion 37 which is open towards

the track 4 . The recessed middle portion 37 is in fluid communication with the suction

device 50 via a vacuum pipe 10, so that a vacuum chamber 38 is formed between the

recessed middle portion 37 of the rail 31" and the track 4 . The channel 32 in the neck

5b of the suction cup 5 propagates the negative pressure from the vacuum chamber

38 to the suction cup 5. At the same time, the negative pressure of the vacuum

chamber 38 sucks the track 4 in so that the track 4 is pressed against the rail 31" in

the sealing areas 36 at the sides of the recessed middle portion 37. This improves the

seal between the track 4 and the rail 31" and helps to ensure the suction effect of the

suction cups 5 in that water or air is not drawn in between the track 4 and the rail 31".

Such an embodiment increases the resistance between the track 4 and the sealing

area 36 when the track 4 is moved relative to the rail 31.

Figure 8 shows a cross section taken along the section line A-A of figure 2 of an alter

native embodiment of the suction cup 5. The wall 53 of the suction cup 5 is formed as

a corrugated wall 53 or a bellows-shaped wall 53. This increases the ability of the suc

tion cup 5 to stretch or be compressed so that the suction cup 5 will adhere to a more

uneven surface. It also increases the possibility of the mouth portion 59 of the suction

cup 5 to be slanted relative to the track 4 . This is advantageous on uneven surfaces

and where the surface has curvatures of relatively small radii. All the suction cups 5,

5', 5" mentioned may have a wall 53 formed as a corrugated wall 53 or a bellows-

shaped wall 53.

Figure 9 shows a cross section taken along the section line A-A of figure 2 of an alter

native embodiment of a guide 6'. I n its edge portion facing the neck 56 of the suction

cup 5, a guide rib 65 is provided with a longitudinal bulb 67 in the length of the guide

rib 65. At the bottom 55 of the gap 54 between the guide lips 33, 34, the neck 56 is

provided with a circular groove 57 with a diameter somewhat larger than the diameter

of the bulb 67, as is shown in figure 9 . The distance between the guide lips 33, 34 is

smaller than the diameter of the bulb 67. The suction cup 5 and the track 4 cannot

move sideways relative to the guide 6' as the bulb 67 cannot be displaced from the

groove 57 in a direction perpendicular to the longitudinal direction of the rail 31. The

suction cup 5 and track 4 cannot be lifted up from the rail 3 1 either. The through

channel 32 of the suction cup 5 is laterally offset relative to the centre of the suction

cup 5. Correspondingly, the attachment block 5c is laterally offset relative to the cen

tre line of the track 4, and the opening 8b is laterally offset relative to the centre line

of the rail 31.



The design of the suction cups 5, 5', 5" enables the crawler 100 to move across an

uneven surface or a surface that curves, even though the frame structure 1 of the

crawler 100 is rigid. The rail 3 1 may also be rigid. This is advantageous when the

frame structure 1 forms a platform for tools like brush tools 20 and for actuators 16.

In a variant of the invention, a further rail (not shown) is placed within an inside of the

inner portion 29 of the track 4, see figure 2, and a suction device 50 is in fluid com

munication with the suction cups 5 on the outside of the inner portion 29 of the track

4, to produce negative pressure for the suction cups 5 in the same way as explained

for the suction cups 5 on the outside of the outer portion 30 of the track. With that, a

crawler 100 which, both on its bottom side and top side, has suction cups 5 that can

adhere to a surface 28 is produced.

The track 4 is of the full-track type. By a full track is meant a track that forms an u n

broken external surface and is without any through gaps transversely to the longit udi

nal direction of the track. A track of the link-track or chain-track type will not work

together with the invention, as a link track will have gaps between two consecutive

links. Fluid may flow through the gaps and thereby it is not possible to create a nega

tive pressure in the suction cups 5, 5', 5" as described in the foregoing.

When the suction cups 5, 5', 5" are stuck fast to the surface 28, and the crawler 100

thereby is attached to the surface 28, the crawler 100 may be subjected to forces

from waves, tools or other things, which may lead to the frame structure 1 of the

crawler 100 moving towards and away from the surface 28. A movement of the crawl

er 100 away from the surface 28 might lift the track 4 clear of the rail 31, 31', 31", so

that fluid may freely enter between the track 4 and the rail 31, 31', 31" in the sealing

area 36 and there will no longer be negative pressure in the suction cups 5, 5', 5".

Movement of the crawler 100 away from the surface 28 brings the guide ribs 61, 63

into abutment against the internal guide lips 33, which will stop the movement.

The guide 6 for the necks 5b, 5b', 5b" of the suction cups 5, 5', 5", which is shown

with the guide ribs 61, 63 in the figures, is on the outside of the tracks 4, seen from

the crawler 100. The tracks 4 are thereby guided stably in their longitudinal direction,

and the tracks 4 are not subjected to torsion to any substantial degree when there is a

lateral strain on the crawler 100. In what follows, it will be described how the direction

of propulsion of the crawler 100 can be changed.

Figure 3 shows a turntable 11 in the middle area of the crawler 100. The turntable 11

is rotatably supported along its outer edge in brackets 12, so that it can be rotated in



the horizontal plane relative to the frame structure 1. The rotation is effected and co n

trolled by a linear actuator 16 which may be electric, or it may be a hydraulic cylinder.

The working length of the linear actuator 16 gives the possibility of only a limited rot a

tion of the turntable 11. The rotation may alternatively be brought about by a motor

(not shown) attached t o the frame structure 1, rotating the turntable 11 via a chain, a

track or via a gear on the motor in engagement with a toothed rim on the turntable 11

(not shown). I n that case, the turntable 11 may be fully rotatable relative to the frame

1.

The turntable 11 includes four holders 15, each holding a respective actuator 13, see

figure 1. Each actuator 13 is provided with a suction cup 14, with suction faces facing

the bottom side of the crawler 100. The suction cups 14 are connected via vacuum

hoses 39 to a suction device not shown, which may produce a negative pressure which

can be switched on and off and possibly be adjustable via means not shown, such as

electric actuators, valves and switches. The suction cups 14 are shown as being a r

ranged peripherally near the outer edge of the turntable 11.

To understand how the direction of propulsion of the crawler 100 can be changed, it is

useful to imagine a plane formed of the suction faces of the suction cups 5 on the bot

tom side of the crawler 100. This plane is termed the "attachment plane" in what fol

lows. When the suction cups 5 are stuck fast to the surface 28, the attachment plane

coincides with the surface 28. The actuators 13 can move the suction cups 14 from a

positon above the attachment plane, towards and past the attachment plane and

back. The suction cups 14 may be collectively or individually movable. The number of

holders 15, actuators 13 and suction cups 14 may be different from the four shown.

Taking for a starting point that the crawler 100 is attached to a surface, exemplified,

in what follows, by the surface 28, by means of the suction cups 5, the changing of

the direction of propulsion of the crawler 100 comprises the following steps:

- moving at least two of the suction cups 14 of a turntable 11 up to the at

tachment plane, into position against the surface 28;

- producing negative pressure between the suction cups 14 of the turntable 11

and the surface 28, so that the suction cups 14 of the turntable 11 adhere to the sur

face 28;

- removing negative pressure between the suction cups 5 of the track 4 and the

surface 28, so that the suction cups 5 of the track 4 disengage from the surface 28;

- further moving the suction cups 14 of the turntable 11 past the attachment

plane so that the suction cups 5 of the track 4 and the frame structure 1 of the crawl-



er 100 are lifted from the surface 28;

- rotating the turntable 11 relative t o the frame structure 1, so that the frame

structure 1 is rotated relative to the surface 28;

- retracting the suction cups 14 of the turntable 11 to the attachment plane, so

that the suction cups 5 of the track 4 are positioned against the surface 28;

- producing negative pressure between the suction cups 5 of the track 4 and

the surface 28, so that the suction cups 5 of the track 4 adhere to the surface 28;

- removing negative pressure between the suction cups 14 of the turntable 11

and the surface 28, so that the suction cups 14 of the turntable 11 disengage from the

surface 28; and

- further retracting the suction cups 14 of the turntable 11 from the attachment

plane, so that the suction cups 14 of the turntable 11 are moved away from the sur

face 28.

The frame structure 1, which constitutes a main part of the crawler 100, has thereby

been rotated and been given a new longitudinal direction, which is also the new direc

tion of propulsion of the crawler 100. If necessary, the above steps are repeated until

the crawler 100 has been given the desired direction of propulsion.

Figure 10 shows the crawler 100 from below and shows an opening lib in the t urnta

ble 11. The opening lib has attachment possibilities, for example brackets with holes

for bolts (not shown), for tools for carrying out work when the crawler 100 is fixed to

the surface 28. The opening lib may also be used as a cargo space.

Figure 11 is a front view of the crawler 100 with a plug tool mounted on it on the t urn

table 11. The plug tool is for installing and removing a plug 27 in a hull passage 28b.

The plug tool includes two or more linear actuators 25 mounted on the turntable 11.

The linear actuators 25 have piston rods that are attached to a plug holder 25c, which

includes a locking device 25b for the plug 27. The locking device 25b may be a

hydraulic actuator. The plug tool also includes a linear actuator 26 with a piston rod

with a hydraulic male coupling 26 for engagement with a corresponding hydraulic fe

male coupling 27b of the plug 27, for the application of hydraulic pressure. The linear

actuators 25, 26 may be electric, or they may be hydraulic cylinders.

The plug 27 is locked to the plug holder 25c, and the hydraulic male coupling 26b is

inserted into the hydraulic female coupling 27b before the crawler 100 is being

launched. The crawler 100 is then, as explained earlier, positioned at and stuck to the

surface 28 with the suction cups 5, with the plug 27 over the hull passage 28b. Then

the linear actuators 25 and 26 are extended, so that the plug 27 is moved towards the



surface 28 and into the hull passage 28b. Then hydraulic pressure is applied to the

plug 27 through the hydraulic couplings 26b, 27b, which, in a manner known per se,

brings a seal in the plug 27 t o expand against a sealing surface in the hull passage

28b, so that the plug 27 is locked. Then the actuator 26 is retracted, so that the male

coupling 26b is pulled out of the female coupling 27b. The locking device 25b is disen

gaged, so that the plug 27 is released from the plug holder 25c. Then the linear act ua

tors 25 are retracted, so that the plug holder 25c is removed from the plug 27. The

plug 27 is now installed in the hull passage 28b, and the crawler 100 may be detached

from the surface 28 and removed. The above may be repeated in the reverse order

when the plug 27 is to be removed from the hull passage 28b. The plug tool may a l

ternatively be equipped with a motor or actuator (not shown) instead of the linear

actuator 26 with the hydraulic male coupling 26b to operate a mechanically operable

plug.

In the drawings, the suction cups 5 are shown as circular suction cups 5 . The suction

cups 5 may also have other geometries such as square or rectangular, as is known in

the art.

It should be noted that all the above-mentioned embodiments illustrate the invention

but do not restrict it, and persons skilled in the art may construct many alternative

embodiments without departing from the scope of the dependent claims. In the

claims, reference numbers in brackets are not to be considered restrictive. The use of

the verb "to comprise" and its different forms does not exclude the presence of ele

ments or steps that are not mentioned in the claims. The indefinite article "a" or "an"

before an element does not exclude the presence of several such elements. The fact

that some features are specified in mutually different dependent claims does not ind i

cate that a combination of these features cannot be used with advantage.



C l a i m s

A crawler (100) configured for submarine use, with a bottom side for posi

tioning against a surface (28), including:

- at least two wheels (2) and a driving device (19) for driving at least one of

the two wheels (2);

- a track (4) extending around and between the wheels (2), the track (4)

between the wheels (2) extending in an inner portion (29) and an outer por

tion (30), wherein an outside of the outer portion (30) of the track (4) forms

the bottom side of the crawler (100);

- a rail (31, 31', 31") positioned within an inside of the outer portion (30) of

the track (4);

- suction cups (5, 5', 5") on the outside of the track (4) for positioning

against the surface (28); and

- a suction device (50) in fluid communication with the suction cups (5, 5',

5"), so that a negative pressure is produced in the suction cups (5, 5', 5")

when the suction cups (5, 5', 5") on the outside of the outer portion (30) of

the track (4) are placed against the surface (28), and the crawler (100) is

thereby held fixed against the surface (28),

c h a r a c t e r i z e d i n that

- each suction cup (5) is provided with a neck (5b, 5b', 5b");

- the neck (5b, 5b', 5b") is attached to the track (4);

- the neck (5b, 5b', 5b") includes at least one gap 54;

- an internal channel (32, 32', 32") extends through the neck (5b, 5b', 5b")

and the track (4);

- a guide (6, 6') fixed in the crawler (100) includes at least one guide rib

(61, 63; 65) positioned in the gap (54) when the suction cups (5, 5', 5") are

on the outside of the outer portion (30) of the track (4); and

- a fluid connection is formed from a vacuum pipe (10, 10', 10"), a vacuum

chamber (8, 8', 8"; 38) and the internal channel (32, 32', 32") between the

suction device (50) and the suction cup (5, 5', 5").

The crawler (100) according to claim 1, wherein the guide (6) consists of

two longitudinal guide ribs (61, 63) on opposite sides of the necks (5b, 5b',

5b") of the suction cups (5, 5', 5").

The crawler (100) according to claim 1 or 2, wherein the guide (6, 6') is at

tached to the rail (31, 3 , 31").



4 . The crawler (100) according to claim 1, wherein the neck (5b, 5b', 5b") of

the suction cup (5, 5', 5") is provided with a circular groove (57); and a

guide rib (65) is provided with a longitudinal bulb (67) in its longitudinal d i

rection, the bulb (67) being positioned in the groove (57) when the suction

cup (5, 5', 5") is on the outside of the outer portion (30) of the track (4).

5. The crawler (100) according to claim 1, wherein the suction cup (5, 5', 5") is

attached to the track (4) with a pipe (52) to an attachment block (5c) on the

inside of the track (4).

6 . The crawler (100) according to claim 1, wherein the suction cup (5, 5', 5") is

attached to the track (4) with a through connection (35) to an attachment

block (5c) on the inside of the track (4).

7 . The crawler (100) according to one of the preceding claims, wherein the

track (4) lies, in the main, tight and slidingly against the rail (31, 31', 31") in

a sealing area (36).

8 . The crawler (100) according to one of the preceding claims, wherein the rail

(31, 31') has at least one vacuum chamber (8, 8', 8") in fluid communication

with the suction device (50) via the vacuum pipe (10, 10', 10"), and the

vacuum chamber (8, 8', 8") is in fluid communication with the internal chan

nel (32, 32', 32") through a longitudinal opening (8b, 8b', 8b").

9 . The crawler (100) according to claim 8, wherein the rail (31') has two vacu

um chambers (8', 8") in fluid communication with respective suction devices

(50), each with a vacuum pipe (10), the two vacuum chambers (8', 8") be

ing in fluid communication with different internal channels (32', 32").

10. The crawler (100) according to claim 1, wherein the rail (31") has a recessed

longitudinal middle portion (37) which is open towards the track (4), and the

recessed middle portion (37) is in fluid communication with the suction de

vice (50) via the vacuum pipe (10), so that a vacuum chamber (38) is

formed between the rail (31") and the track (4), and the vacuum chamber

(38) is in fluid communication with the internal channel (32).

11. The crawler (100) according to any one of the preceding claims, wherein the

vacuum chamber (8, 8', 8"; 38) is elongated.



AMENDED CLAIMS
received by the International Bureau on 13 January 201 6 ( 13.01 .201 6)

A m e n d e d c l a i m s

A crawler (100) configured for submarine use, with a bottom side for

positioning against a surface (28), including:

- at least two wheels (2) and a driving device (19) for driving at least one of

the two wheels (2);

- a track (4) extending around and between the wheels (2), the track (4)

between the wheels (2) extending in a first portion (30) facing the bottom

side of the crawler (100), and a second portion (29) opposite of the first

portion, wherein an outside of the first portion (30) of the track (4) forms

the bottom side of the crawler (100);

- a rail (31, 31', 31") positioned within an inside of the first portion (30) of

the track (4);

- suction cups (5, 5', 5") on the outside of the track (4) for positioning

against the surface (28); and

- a suction device (50) in fluid communication with the suction cups (5, 5',

5"), so that a negative pressure is produced in the suction cups (5, 5', 5")

when the suction cups (5, 5', 5") on the outside of the first portion (30) of

the track (4) are placed against the surface (28), and the crawler (100) is

thereby held fixed against the surface (28),

c h a r a c t e r i z e d i n that

- each suction cup (5) is provided with a neck (5b, 5b', 5b");

- the neck (5b, 5b', 5b") is attached to the track (4);

- the neck (5b, 5b', 5b") includes at least one gap 54;

- an internal channel (32, 32', 32") extends through the neck (5b, 5b', 5b")

and the track (4);

- a guide (6, 6') fixed in the crawler (100) includes at least one guide rib

(61, 63; 65) positioned in the gap (54) when the suction cups (5, 5', 5") are

on the outside of the first portion (30) of the track (4); and

- a fluid connection is formed from a vacuum pipe (10, 10', 10"), a vacuum

chamber (8, 8', 8"; 38) and the internal channel (32, 32', 32") between the

suction device (50) and the suction cup (5, 5', 5").

The crawler (100) according to claim 1, wherein the guide (6) consists of

two longitudinal guide ribs (61, 63) on opposite sides of the necks (5b, 5b',

5b") of the suction cups (5, 5', 5").



3. The crawler (100) according to claim 1 or 2, wherein the guide (6, 6') is

attached to the rail (31, 31', 31").

4. The crawler (100) according to claim 1, wherein the neck (5b, 5b', 5b") of

the suction cup (5, 5', 5") is provided with a circular groove (57); and a

guide rib (65) is provided with a longitudinal bulb (67) in its longitudinal

direction, the bulb (67) being positioned in the groove (57) when the suction

cup (5, 5', 5") is on the outside of the first portion (30) of the track (4).

5. The crawler (100) according to claim 1, wherein the suction cup (5, 5', 5") is

attached to the track (4) with a pipe (52) to an attachment block (5c) on the

inside of the track (4).

6. The crawler (100) according to claim 1, wherein the suction cup (5, 5', 5") is

attached to the track (4) with a through connection (35) to an attachment

block (5c) on the inside of the track (4).

7. The crawler (100) according to one of the preceding claims, wherein an

inside of the track (4) is, in the main, tight and slidingly positioned against

the rail (31, 31', 31") in a sealing area (36).

8. The crawler (100) according to one of the preceding claims, wherein the rail

(31, 31') has at least one vacuum chamber (8, 8', 8") in fluid communication

with the suction device (50) via the vacuum pipe (10, 10', 10"), and the

vacuum chamber (8, 8', 8") is in fluid communication with the internal

channel (32, 32', 32") through a longitudinal opening (8b, 8b', 8b").

9. The crawler (100) according to claim 8, wherein the rail (31') has two

vacuum chambers (8', 8") in fluid communication with respective suction

devices (50), each with a vacuum pipe (10), the two vacuum chambers (8',

8") being in fluid communication with different internal channels (32', 32").

10. The crawler (100) according to claim 1, wherein the rail (31") has a recessed

longitudinal middle portion (37) which is open towards the track (4), and the

recessed middle portion (37) is in fluid communication with the suction

device (50) via the vacuum pipe (10), so that a vacuum chamber (38) is

formed between the rail (31") and the track (4), and the vacuum chamber

(38) is in fluid communication with the internal channel (32).



11. The crawler (100) according to any one of the preceding claims, wherein the

vacuum chamber (8, 8', 8"; 38) is elongated.
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