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Description

The present invention relates to apparatus for
movably mounting a work head on a structure of cir-
cular cross-section. Such apparatus are particular-
ly useful for cleaning and descaling the exterior of
cylindrical structures such as pipe lines and the
jackets of off-shore oil rigs.

U.S. Patent No. 4 177 913 discloses an automatic
pipe welding apparatus which comprises an annular
base member and three carriages mounted for cir-
cumferential movement on the outer periphery of
the annular base member. The annular base member
comprises three arcuate sections which are pivot-
ably connected to allow the annular base member to
be opened and closed for mounting on a cylindrical
structure, and the three carriages are adapted to
carry respectively a detecting unit adapted to de-
tect the portion on the surface of the structure to
be welded, a welding unit, and a drive unit adapted
to drive all three carriages about the periphery of
the annular base member.

The apparatus of U.S. Patent No. 4 177 913 is not
intended for cleaning and descaling the exterior of a
cylindrical structure and, therefore, it does not
comprise means enabling it to be driven along the
structure in either direction. Moreover, it is ques-
tionable whether it would be able io operate effec-
tively whilst carrying a cleaning nozzle capable of
producing the high pressures required to clean a
pipeline or the like forming part of an offshore oil
rig.

In our published European Patent Application No.
0 000 808 there is described apparatus for cleaning
and descaling the exterior of a cylindrical structure
such as a pipe line. The apparatus comprises an an-
nulus mounted on and surrounding the structure
and means for driving the annulus along the struc-
ture in either direction. The annulus has mounted
thereon an arm member which projects from the an-
nulus parallel to the structure and which member
carries a nozzle for producing high pressures
which nozzle is rotatably reciprocable along the
arm. The arm member is around the annulus. By the
above described apparatus the exterior of the
structure can be cleaned and descaled. The fea-
tures of the pre-characterising part of the present
independent claim are known from this document.

The arm member described above may have a
reach of some six feet (2 metres) and to provide ad-
equate support the annulus needs to be of consider-
able length. Furthermore, it is important that the
nozzle is maintained at a predetermined stand-off
distance from the cylindrical structure. The above
described apparatus is particularly suitable for use
on cylindrical structures which are straight. Indeed
its construction with the projecting rotatable boom
and reciprocating nozzle makes it unsuitable for
use on cylindrical structures which incorporate
bends. It is unsuitable because it cannot be manoeu-
vered along cylindrical structures incorporating
bends, and even if it could the boom could not be ro-
tated around the annulus to treat the concave sec-
tions of the structure.
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The cylindrical structures such as pipe lines and
the jackets of off-shore oil rigs frequently incorpo-
rate- bends. The bends may be smooth arcuate
curves or curves made up by one or more straight
cylindrical sections welded together at angles. in-
deed the pipe from the well head may utilise a double
S-bend for expansion purposes.

Because the above described apparatus is rela-
tively large it has to be fitted in position by divers,
whilst being supported by a crane untit it is located
on the cylindrical structure. it would be advanta-
geous if such apparatus could be located in position
without the use of divers.

The present invention aims to provide an appara-
tus for movably mounting a work head on a struc-
ture of circular cross-section be they straight or
curved and an apparatus suitable for cleaning and
descaling cylindrical structures be they straight or
curved.

It is a further aim of the invention to provide ap-
paratus which can be fitted in position without the
use of a crane.

According to the present invention there is pro-
vided an apparatus for movably mounting a work
head on a structure of circular cross-section, com-
prising an annulus defined by two or more members
which are engagable cooperably and movable be-
tween an open position which allows the annulus to
be fitted onto the structure and a closed position in
which the annulus surrounds the structure, the
work head being mounted on the annulus for circum-
ferential movement with respect to the structure,
and means for locating the annulus on the structure
and for moving it axially along the length thereof,
said means comprising three or more support legs
mounted on the annulus at spaced circumferential
locations, characterised in that at least some of
said legs are movable in a radial direction relative to
the annulus by actuating means to locate the annu-
lus on the structure, and that each supporting leg is
provided with drive means which are controliably in-
dependently for moving the annulus along the struc-
ture in a plane normal {o the axial centre line of the
structure.

Preferably two work heads are provided which
are mounted diametrically opposite one another on a
circumferentially reciprocable mounting plate car-
ried by the annulus. Preferably the annulus com-
prises a plurality of buoyancy chambers to increase
the displacement of the apparatus in relation to its
weight to give it a pre-determined neutral buoyancy.
More preferably, the annulus is defined by three
arcuate members, with two of said members being
pivotally secured o the third. Actuating means is
provided for moving said two members pivotally with
respect to the third to open and close the annulus to
allow it to be fitted onto and removed from the struc-
ture of circular cross-section. Further actuating
means is preferably provided to lock the free ends
of the two members together in the close position by
means of an overthrow clamp or the like. The actuat-
ing means preferably comprise hydraulic rams. in
one embodiment said third member is provided with a
mounting lug to enable it to be held by a remotely op-
erated vehicle (ROV).
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Each support leg preferably comprises two axial-
ly spaced wheels or rollers which engage the exteri-
or surface of the structure. One or both of the
wheels or rollers may be driven. The circumference
of the wheels or rollers are provided with a rubber
or plastics coating which exhibits high frictional
qualities to provide a good grip on the structure.
Preferably, each support leg is movable radially by
actuating means to centralise the annulus on said
structure. The radial movement is preferably actu-
ated hydraulically by means of an equal flow system
which ensures that the annulus is positioned cen-
trally. A mechanical locking mechanism may be pro-
vided to lock in support legs in the applied position
so that the annulus remains in position in the event
of failure of the hydraulic system. A spring mount-
ing system may be employed to compensate for small
variations in the diameter of the structure. The use
of axially spaced wheels or rollers, approximately |
foot (30 cm) apart ensures stability of the annulus
on the structure. An endless band may be fitted on-
to the axially spaced wheels or rollers to give an im-
proved grip in certain circumstances. The number
of support legs will be determined by the diameter of
the structure. Typically four legs will be provided,
but the larger sizes may have six or eight.

The third arcuate member of the annulus is pref-
erably at least 180° of arc and its axial end is defined
by the mounting plate which carries the two work
heads. A drive mechanism is disposed within the
third member and comprises an endless chain en-
trained around sprockets and carrying a pin which
is co-operable with a slot in a carriage to which the
mounting plate is secured. The carriage runs on
rails within said third member and rotation of the
chain causes the carriage fo be reciprocated
through an arc of some 180°. A second carriage is
provided diametrically opposite the first and con-
nected thereto by means of the mounting plate. The
second carriage thus moves in synchronism with
the first on rails formed in the other two arcuate
members of the annulus. The two work heads are se-
cured to a respective one of the carriages. The use
of two work heads enables the full 360° of the struc-
ture to be operated on. The work heads are recipro-
cated through an arc of slightly more than 180° to en-
sure complete coverage.

The apparatus of the invention is particularly
suitable for cleaning and descaling structures of
circular cross-section. The work heads incorporate
nozzles by means of which a high pressure water jet
or other abrasive material can be trained onto the
surface of the structure. The jet can be a pencil jet
or a fan jet. Preferably, the nozzle is mounted for
rotation in a housing so as to describe a circular
path. By this means, movement of the two work
heads circumferentially through 180° or slightly
more treats the entire circumference of the struc-
ture and over an axial length corresponding to the
diameter of circle described by the jet from the noz-
zle. The drive means of the annulus is then used to
move the annulus along the structure so that a fur-
ther section can be treated.

in an alternative embodiment, the work head in-
cludes a combined camera and lighting system which
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is mounted to be rotatable through 180°, and a twin
jet nozzle disposed between the camera and the an-
nulus and mounted so as to be tiltable through 20°.
Thus, the camera is mounted for pan and tilt.

The apparatus is particularly suitable for treating
curves in such structures since the axial length of
the .apparatus is small. That is to say the distance
between the location point (the support legs) and the
work heads is short. The stand-off distance can be
maintained by a follower mounted on the work head
and controlling the position of the nozzle. The fol-
lower typically comprises a spherical end which con-
tacts the surface of the cylindrical structure and
which is coupled to the nozzle to determine its posi-
tion from the structure. The arrangement is resil-
iently biased into contact with the structure. The fa-
cility of being able to drive each of the wheels inde-
pendently enables the attitude of the annulus to be
maintained as it moves along a curved section of
the structure. That is to say the wheels on the out-
side of the curve have to travel further than those
on the inside. Control of the apparatus is performed
remotely by way of an umbilical cord. A camera is
employed to monitor the position of the apparatus so
that the operator can move the appropriate controls
to maintain the desired attitude of the apparatus, ie.
with the annulus in a plane normal to the axis of the
structure.

By incorporating buoyancy chambers in the appa-
ratus, conveniently as part of the annulus, the ap-
paratus can have neutral buoyancy. This makes it
easy to manoeuver into position by a remotely oper-
ated vehicle. By using a camera for monitoring pur-
poses, and remote control of the actuating means
for opening and closing the arcuate members of the
annulus, an ROV can be used to position the appa-
raius on and surrounding the cylindrical structure.
The locking mechanism and the actuation of the sup-
port legs are likewise operable remotely to position
the apparatus on the structure before the ROV re-
leases it. The ability to use an ROV for manoeuver-
ing the apparatus into position avoids the need to
use divers. This is particularly advantageous when
the apparatus is required to work at considerable
depths where saturation diving would be involved.

It is further proposed to add thrusters to the ap-
paratus to convert it into a self-propelled remotely
operated vehicle. Preferably, three thrusters are
incorporated in the annulus, one in each of the arcu-
ate members.

The apparatus according to the invention may
carry work heads having a variety of different
functions, for example:- water jet nozzles; shot
blast nozzles; abrasive blast; paint applicators
(brush or spray); non-destructive testing equip-
ment; abrasive; steel cutting heads; remotely con-
trolied articulated robot arm.

The present invention will now be described fur-
ther, by way of example only, with reference to the
accompanying drawings, in which:-

Fig. | is a simplified berspec’tive view illustrating
one embodiment of apparatus according to the
present invention;



5 EP 0 214 841 B1 6

Fig. 2 is a simplified elevational view showing the
apparatus mounted on a structure of circular cross-
section;

Fig. 3 is an end view looking in the direction of ar-
row A in Fig. 2;

Fig. 4 is an end view looking in the direction of ar-
row B in Fig. 2; and

Fig. 5 is an end view corresponding to that of Fig.
4 but illustrating the annulus in its open position, and

Fig. 6 is a simplified perspective view according
to an alternative embodiment of the invention.

Referring to the drawings there is shown appara-
tus for mounting on a structure of circular cross-
section such as off-shore pipelines and the like.
The apparatus comprises an annulus which is made
up of three arcuate members in the illustrated em-
bodiment. Two of the arcuate members |,2 are pivot-
ally attached to the third 3 for example by respec-
tive pivot pins 4,5 seen in Figs. 3,4 and 5

The third arcuate member 3 extends over an arc
slightly in excess of 180°, whilst the first and second
arcuate members ,2 have an arc of slightly less
than 80° each. The first and second arcuate mem-
bers are pivotable between open and closed posi-
tions by any suitable actuator means, but conve-
niently the actuator means comprises a respective
hydraulic ram. One ram is coupled between the first
member | and the third member 3, and the other ram
is secured between the second member 2 and the
third member 3. The free ends of the first and sec-
ond arcuate members 1,2 lie adjacent one another
when in the closed position and preferably abut with
each other so that the three members define a con-
tinuous annulus. Figs. 3 and 4 show the annulus in
the closed position, whilst Figs. | and 5 show the an-
nulus in the open position. A locking member, not il-
lustrated, is provided fo lock the ends of the first
and second members together when in the closed
position. This preferably comprises an over-throw
clamp which is actuated by a further hydraulic ram.

The arcuate members of the annulus carry sup-
port legs 6 which serve to locate the annulus on a
pipe and to move it along the pipe. The legs are also
mounted for radial movement with respect to the an-
nulus and are illustrated in their withdrawn position
in Fig . Figs. 3, 4 and 5 show them in extended posi-
tions. In the illustration, each of the first and sec-
ond arcuate members carries a respective support
leg 6, whilst the third member 3 carries two support
legs 6. Thus, in the illustration, four support legs
are provided, spaced circumferentially at 90° to
one another. An equal flow hydraulic system is con-
veniently utilised o move the support legs radially.
The purpose of the support legs is two fold:- Firstly
to locate the annulus centrally on the structure, and
secondly to propel the annulus in either direction
along the structure. To achieve these objectives,
the end of each leg carries two spaced apart rollers
8 which contact the exterior surface of the struc-
ture. The rollers are spaced apart in the axial direc-
tion of the structure so as to impart stability to the
annulus and prevent twisting thereof on the struc-
ture. One or both of the rollers of each leg are ro-
tatably driven, conveniently by a hydraulic motor.
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The rollers of each leg are driven independently so
that the movement at each leg can be controlled in-
dependently. This is necessary to manoeuver the
apparatus along curved structures, where the roll-
ers at the larger radius have to travel further than
those at the smaller inner radius if the annulus is to

‘be maintained in the desired attitude in a plane nor-

mal to the axis of the structure. The rollers are pref-
erably provided with a plastics or rubber tread to
aid their grip on the structure.

An endless band may be placed around the roll-
ers where it is felt this would give an improved grip.
Each roller may be replaced by one or more wheels.

The above described construction enables the
apparatus to be moved along the structure in either
direction. The purpose of attaching such an appara-
tus to a structure of this nature is to be able to per-
form operations of numerous types on the siruc-
ture. One type of operation which has to be tackled
is that of cleaning and descaling the structure. This
is one type of operation for which the apparatus is
particularly suited. To perform such operations a
work head - typically a nozzle for directing water at
high pressure at the structure - has to be capable
of being moved around the structure.

In the illustrated embodiment this is achieved by
forming a circular track on the annulus and having
two work heads 11, 12 disposed diameirically oppo-
site one another which work heads are each recip-
rocable through an arc of some 180°. By this means
the complete circumference of the structure can be
operated on. More particularly, the arcuate mem-
bers |, 2 and 3 incorporate concentric rails, shown
diagramatically as 9 and 10 in the drawings. The third
arcuate member 3 incorporates a drive mechanism
which comprises an endless chain entrained around
two sprockets. This is preferably accommodated
within the annulus at one axial end thereof. The
sprockets are disposed diametrically opposite one
another and the chain is constrained to follow an ar-
cuate path by the inner and outer radial walls of the
third arcuate member. The chain carries a pin mem-
ber which engages in a slot in one of two carriages.
The said one carriage is constrained axially by the
rails 9,10 and circumferentially by the inner and out-
er walls of the arcuate member 3. Rotation of the
chain causes the pin to move and its co-operation
with the carriage causes the carriage to recipro-
cate through an arcuate path as defined by the path
of the chain. As the pin passes round the sprock-
ets, the pin moves across the slot in the carriage.
This changes the speed of the carriage at the end
points where the change of direction occurs.

A mounting plate is secured to the driven car-
riage and a second carriage is secured to the
mounting plate diametrically opposite the first. The
mounting plate is arcuate. By means of the mounting
plate the second carriage is caused to follow the re-
ciprocal movements of the first carriage. The sec-
ond carriage runs on a track formed by the first and
second arcuate members. A respective work head
is mounted on each of the carriages.

Each carriage preferably comprises a plate mem-
ber having four wheels or rollers journalled for ro-
tation thereon. The wheels or rollers run on the cir-
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cular track and take the axial thrust load generated
by the work heads.

The described construction gives rise to a short
axial length between the support legs 6 and the work
heads. This enables the apparatus to move round
bends in the structure whilst allowing operations,
such as cleaning and descaling to be performed on
the bends. The work heads may carry nozzles for
high pressure water cleaning; shot blast; abrasive
blast or paint applicators by brush or spray. It is
further envisaged that the work heads may be pro-
vided with abrasive steel cutting heads or probes
for use in non-destructive testing.

There will now be described details of apparatus
for use in cleaning and descaling for which the ap-
paratus of the invention is particularly suited. In
such apparatus, each work head has a nozzle for
directing a high pressure water jet with or without
any additional abrasive material on to the external
surface of the structure. The nozzle has to be posi-
tioned at a predetermined distance from the exterior
surface of the structure. A positioning device is
provided for this purpose which conveniently com-
prises a spherical member 15 secured to the mount-
ing for the nozzle and biased into contact with the
exterior surface. The positioning device is movable
in the radial direction to accommodate variations in
the distance between the exterior of the structure
and the annulus as the work head is moved circum-
ferentially. By this simple means, the nozzle is main-
fained at a predetermined stand-off distance from
the exterior surface of the structure. The nozzle
can produce a pencil jet or a fan jet. A pencil jet is
preferred for high pressure water cleaning, but to
increase the area covered during the circumferen-
tial movement, the nozzle is arranged to be rotat-
able so as to describe a circular path. This means
that an axial band on the structure is operated on
during circumferential movement of the work head.
This is advantageous because not only does it
speed up the operation, but it also means that the
movement of the apparatus in the axial direction by
way of the drive means in the support legs is less
critical. It will be appreciated that this "band clean-
ing" simplifies the procedure when bends are in-
volved because overlap between bands ensures
that all sections of the bend can be thoroughly
cleaned.

A further feature of the invention which has not
yet been described is the provision of buoyancy
chambers within the annulus. The members of the
annulus are provided with sealed chambers 18 be-
tween the support legs which effectively increase
the displacement of the apparatus disproportionate-
ly in relation to the weight so that the apparatus is
given a predetermined bouyancy or even a variable
bouyancy. This enables the apparatus to be ma-
noeuvered more easily under water by remotely op-
erated vehicles (ROV’s). These vehicles cannot
handle heavy objects and so if the buoyancy can be
set at a fixed level for a particular depth of opera-
“tion the apparatus can be manoeuvered into posi-
tion using such vehicles and thus avoid the use of
divers.

For handling purposes the annulus is illustrated
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as having a T-shaped mounting slot 20 for engage-
ment by a correspondingly shaped member of an
ROV. The hole 2 serves to receive a hydraulically
actuated locking pin. The shape of the mounting
member may be varied to suit other designs or may
simply comprise a conveniently shaped projecting

- lug which can be grabbed by the jaws of an articulat- -

ed arm. As a further development, it is proposed
that the apparatus be provided with its own thrust-
ers, so that it can be seli-propelled.

In positioning the apparatus onto the structure it
will be understood that cameras will be utilised to
monitor the operation. These may be mounted direct-
ly on the apparatus itself or be those of the ROV.
The apparatus is conirolled remotely and for this
purpose an umbilical cord connects with the appara-
tus from the remote control station, be it a surface
vessel or the oil rig - depending on the nature of the
structure involved. The umbilical cord has the nec-
essary hydraulic and electrical lires fo provide the
required control signals and power supply to the
various motors.

The apparatus is manoeuvered up to the struc-
ture in a direction substantially normal to the axis
thereof, with the first and second arcuate members
in the open position as illustrated in fig. I. The sup-
port legs 6 are preferably fully withdrawn at this
stage. Thus, the apparatus is manoeuvered so that
the structure is positioned within the third arcuate
member 3. The hydraulic rams controlling the first
and second members 1,2 are then remotely operated
to move these members into their closed position,
whereupon the hydraulic ram controlling the over-
throw lock is actuated so that the ends of the mem-
bers | and 2 are held closed. Hydraulic fluid is then
admitted to the rams controlling the position of the
support legs 6 and this causes them to move radially
inwardly. An equal flow system is employed to en-
sure that each of the legs moves the same distance
so that the annulus is centralised on the structure.
The rollers thus contact the structure to locate the
annulus. The drive means to the rollers incorpo-
rates a brake mechanism which prevents rotation of
the rollers when the drive motor is not operating.
Thus, the loading of the legs against the structure
ensures that the annulus remains in position. A me-
chanical locking mechanism is conveniently em-
ployed to locate the support legs in the extended po-
sition so that the annulus remains located in the
event of hydraulic failure. The legs may be resilient-
ly mounted so that small variations in the surface

“ configuration do not result in a loss of grip by the

support legs. Once the legs have been extended the
ROV can be disconnected from the mounting point.

By operating the drive motors of the support legs
6 the annulus can be caused to move in either direc-
tion along the structure. By controlling the drive mo-
tors of each leg individually the annulus can be ma-
noeuvered round bends in the structure.

In order to perform the described cleaning and
descaling operation water under high pressure is
fed into the nozzle at each of the two work heads,
the nozzles are rotated to describe the circular
path, and the work heads are reciprocated circum-
ferentially through the arc determined by the path
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of the endless chain. In practice the arc covered by
each nozzle is just in excess of 180° to ensure that
the two nozzles together cover the full 360° of the
structure. Thus, an axial band is cleaned by the de-
scribed method. The apparatus is then moved axially
along the structure and the reciprocal movement of
the work heads repeated. Thus, the apparatus
works its way along the structure, and around any
bends which it encounters. it will be noted that the
axial length of the apparatus is short so that it can
be easily manoeuvered round bends.

The embodiment of apparatus for cleaning and
descaling has the advantage that it is of short axial
length which enables it to be moved along struc-
tures which are curved to perform cleaning and
descaling on such structures. The independent con-
trol of the support leg drive means enables the ap-
paratus to be manoeuvered along the structure and
round curves. The use of bouyancy chambers en-
ables the apparatus to be easily manoeuvered into
position by means of an ROV.

An apparatus of the above described type can al-
so be used for performing other operations on such
structures simply be attaching the appropriate type
of work head. It is also envisaged that the annulus
could be provided with an articulated work arm.
Such an articulated work arm could carry a non-de-
structive testing probe or a camera for checking
welded joints on such structures. The articulated
arm being remotely operated. The articulated arm
could be attached to the circumferentially movable
work head or secured to another part of the annu-
lus. The annulus preferably has secured thereto a
camera for monitoring movement of the annulus and
operations being performed by the work heads.

Referring now to Fig. 6 there is shown another
embodiment of the invention which is of the same ba-
sic construction of the apparatus described with
reference to Fig. I. However, it differs in the con-
struction and mounting of the work heads and in the
provision of built-in thrusters. These features will
be described further hereinafter. It will be under-
stood that the earlier described embodiments could
be provided with the thruster system or jet and/or
camera system described hereatfter.

The same reference numerals as used in the de-
scription of Fig. | have been used in Fig. 6 and the
description of Fig. | applies to the construction of
Fig. 6 in these respects.

The work heads Il and 12 each comprise two jet
nozzles 100,102 which are mounted on a member 104
which is movable through approximately 90° with re-
spect to a mounting member 106. The mounting mem-
ber 106 is secured to the drive means for moving the
work head on the 180° arcuate path. The member 104
is movable in a plane which is perpendicular to the
plane of movement of the mounting member 106.

A combined camera |08 and light 110 is mounted in a
housing li2 on the member 104. The housing lI2 is
mounted for movement through approximately 180°
with respect to the member 104 and in a plane paral-
lel o a plane passing though the two jet nozzles
100,102. The fact that the member 104 is tiltable
means that the camera and light are likewise tiltable.
The possible movements of the camera enables the
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operator to view the job being cleaned (for example)
and to make an appraisal of the position of the appa-
ratus when approaching the tubular structure.

The apparatus also includes three thrusters,
each of which is mounted in the annulus. A main
thruster 120 is mounted in the third arcuate part 3
and comprises a rotor disposed within a tubular
sleeve 122 and driven by a motor. The motor may be
driven in either direction so that thrust is generated
in either the direction of the arrow A or the direction
of the arrow B. The sleeve passes through the an-
nulus. Two positional thrusters 124,126 are also pro-
vided one in each of the first and seocnd arcuate
parts | and 2. These are likewise received in a tubu-
lar sleeve which passes through the member and
the rotors are driven by reversible motors.

The thrusters 120,124,126 are employed to ma-
noeuver the apparatus into position about a tubular
structure. The neutral buoyancy enables this to be
done with only low powered thrusters and being self-
propelled, a diver is not reqired. Accordingly, the
device can be easily manceuvered into position.
The first and second members will usually be in the
position illustrated in Fig. 6 when manoeuvering is
taking place.

Claims

1. An apparatus for movably mounting a work
head (11, 12) on a structure of circular cross-sec-
tion, comprising an annulus defined by two or more
members (1, 2, 3) which are engagable co-operably
and movable between an open position which allows
the annulus to be fitted onto the structure and a
closed position in which the annulus surrounds the
structure, the work head (11, 12) being mounted on
the annulus for circumferential movement with re-
spect to the structure, and means (6) for locating
the annulus on the structure and for moving it axial-
ly along the length thereof, said means (6) compris-
ing three or more support legs (6) mounted on the
annulus at spaced circumferential locations, char-
acterised in that at least some of said legs (6) are
movable in a radial direction relative to the annulus
by actuating means to locate the annulus on the
structure, and that each supporting leg (6) is pro-
vided with drive means (8) which are controllable in-
dependently for moving the annulus along the struc-
ture in a plane normal to the axial centre line of the
structure.

2. Apparatus according to claim I, characterised
in that the annulus is defined by three arcuate mem-
bers (,2,3) with two of said members (1,2) being piv-
otally secured to the third (3).

3. Apparatus according to claim |, characterised
in that actuating means is provided for moving said
two members (1,2) pivotally with respect to the third
(3) to open and close the annuius to allow it to be fit-
ted onto and removed from the structure of circular
cross-section.

4. Apparatus according to claim 2 or 3, charac-
terised in that actuating means is provided to lock
the free ends of the two members (I,2) together in
the closed position by means of an overthrow clamp
or the like.
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5. Apparatus according to claim 4 and 5, charac-
terised in that said actuating means and the lock ac-
tuating means each comprise hydraulic rams.

6. Apparatus according to any preceding claim,
characterised in that each support leg (6) com-
prises two axially spaced wheels or rollers (8) which
engage the exterior surface of the structure and
one or both of the wheels or rollers (8) may be
driven.

7. Apparatus according to any preceding claim,
characterised in that each support leg (6) is mov-
able radially by actuating means to centralise the an-
nulus on said structure and the radial movement is
actuated hydraulically by means of an equal flow
system which ensures that the annulus is positioned
centrally.

8. Apparatus according to claim 7, characterised
in that a mechanical locking mechanism is provided
to lock the support legs (6) in position on said struc-
ture.

9. Apparatus according to claim 6, 7 or 8, charac-
terised in that a spring mounting system is employed
on each support leg (6) to compensate for small
variations in the diameter of the structure.

10. Apparatus according to any preceding claim,
characterised in that two work heads are provided
which are mounted diametrically opposite one anoth-
er on a circumferentially reciprocable mounting
plate carried by the annulus.

Il. Apparatus according to claim 10, characterised
in that the third arcuate member (3) of the annulus is
at least 180° of arc and its axial end is defined by the
mounting plate which carries the two work heads
(1,12).

12. Apparatus according te claim ll, characterised
in that a drive mechanism is disposed within the third
member (3) and comprises an endless chain en-
trained around sprockets and carrying a pin which
is co-operable with a slot in a camiage on which is
mounted one of the two work heads (ll,I2) and to
which the mounting plate is secured.

13. Apparatus according to claim 12, character-
ised in that the carriage runs on rails (9,I0) within
said third member (3) and rotation of the chain
causes the carriage to be reciprocated through an
arc of some 180°.

4. Apparatus according to claim I3, character-
ised in that a second carriage on which is mounted
the other work head (II,12) is provided diametrically
opposite the first and is connected thereto by
means of the mounting plate such that the second
carriage thus moves in synchronism with the first
on rails (9,0) formed in the other two arcuate mem-
bers (1,2) of the annulus.

I5. Apparatus according to any preceding claim,
charactetised in that the work heads (Il,12) incorpo-
rate nozzles by means of which a high pressure wa-
ter jet or other abrasive material can be trained on-
to the surface of the structure.

I6. Apparatus according to claim I5, character-
ised in that each nozzle (I1,12) is mounted for rotation
in a housing so as to describe a circular path.

17. Apparatus according o any preceding claim,
characterised in that each work head (ll,12) com-
prises a combined camera and lighting system which
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is mounted so as to be able to view the work done
and the work ahead of the apparatus.

I8. Apparatus according to any preceding claim,
characterised in that the annulus comprises a plu-
rality of bouyancy chambers (18) to increase the dis-
placement of the apparatus in relation to its weight
to give it a predetermined neutral buoyancy. ‘

19. Apparatus according to any preceding claim,
characterised in that thrusters (120,124,126) are
connected to the apparatus to allow it to operate as
a self-propelled remotely operated vehicle.

20. Apparatus according to claim 19, character-
ised in that the thrusters (120,124,126) are incorpo-
rated in the annulus, one in each of the members
(,2,3).

Patentanspriiche

1. Eine Vorrichtung zum bewegbaren Anordnen
eines Arbeitskopfes (11, 12) an einer Struktur mit
kreisfdrmigem Querschnitt, mit einem Ring, der
durch zwei oder mehr Teile (1, 2, 3) gebildet wird, die
in Wirkungsverbindung zusammenfiigbar sind und
zwischen einer offenen Stellung, die es eriaubt, den
Ring auf der Struktur anzubringen und einer ge-
schlossenen Stellung bewegbar sind, in der der
Ring die Strukiur umgibt, wobei der Arbeitskopf (11,
12) auf dem Ring relativ zu der Struktur in Umfangs-
richtung bewegbar angeordnet ist, und mit Mitteln
(6), um den Ring auf der Struktur in Stellung zu brin-
gen und ihn axial 1angs der Strukiur zu bewegen, wo-
bei die Mittel (6) drei oder mehr TragfiiBe (6) enthal-
ten, die an dem Ring an-in Umfangsrichtung vonein-
ander in Abstand befindlichen Stellen angebracht
sind, dadurch gekennzeichnet, daB wenigstens eini-
ge der FiiBe (6) in einer radialen Richtung relativ zu
dem Ring durch Betatigungsmittel bewegbar sind, um
den Ring auf der Struktur zu positionieren, und daB
jeder TragfuB (6) mit Antriebsmittein (8) versehen
ist, die unabhangig steuerbar sind, um den Ring
langs der Struktur in einer Ebene zu bewegen, die
senkrecht zur axialen Mittellinie der Struktur liegt.

2. Vorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, daB der Ring durch drei bogenformi-
ge Teile (1, 2, 3) gebildet ist, von denen zwei Teile (1,
2) schwenkbar an den dritten (3) befestigt sind.

3. Vorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, daB ein Betétigungsmittel zum
schwenkbaren Bewegen der beiden Teile (1, 2) rela-
tiv zu dem dritten Teil (3) vorgesehen sind, um den
Ring zu &ffnen und zu schlieBen, um seine Anbrin-
gung und Entfernung von der Struktur mit kreisfor-
migem Querschnitt zu erlauben.

4. Vorrichtung nach Anspruch 2 oder 3, dadurch
gekennzeichnet, daB ein Betatigungsmittel vorgese-
hen ist, um die freien Enden der beiden Teile (1, 2)
miteinander in der geschlossenen Stellung mittels ei-
ner Uberwuriklemme od. dgl. zu verriegeln.

5. Vorrichtung nach Anspruch 4 und 5, dadurch
gekennzeichnet, daB das Betatigungsmittel und das
Riegelbetatigungsmittel Hydraulikzylinder aufwei-
sen.

6. Vorrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB jeder
TragfuB (6) zwei in axialem Abstand angeordnete
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Réader oder Rollen (8) enthalt, die an der AuBenfla-
che der Strukiur anliegen und daB eine oder beide
der Réder oder Rollen (8) angetrieben sein konnen.

7. Vorrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB jeder
TragfuB (6) durch Betatigungsmittel radial bewegbar
ist, um den Ring auf der Struktur zu zentrieren und
die Radialbewegung hydraulisch mittels eines
Gleichstromsystems betétigt wird, um die zentrierte
Positionierung des Ringes zu gewéhrleisten.

8. Vorrichtung nach Anspruch 7, dadurch ge-
kennzeichnet, daB ein mechanischer Verriegelungs-
mechanismus vorgesehen ist, um die TragfiiBe (6) in
Position auf der Struktur zu verriegeln.

9. Vorrichtung nach Anspruch 6, 7 oder 8, da-
durch gekennzeichnet, daB ein Federanbringungs-
system an jedem TragfuB (6) verwendet wird, um
kleine Variationen im Durchmesser der Struktur
auszugleichen.

10. Vorrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB zwei Ar-
beitskopfe vorgesehen sind, die diametral einander
gegeniiber auf einer von dem Ring geiragenen, in
Umfangsrichtung hin und her beweglichen Montage-
platte angebracht sind.

11. Vorrichtung nach Anspruch 10, dadurch ge-
kennzeichnet, daB der dritte bogenformige Teil (3)
des Ringes wenigstens 180 Bogengrad einnimmt und
sein axiales Ende von der Montageplatte gebildet
wird, die die beiden Arbeitskopfe (11, 12) tragt.

12. Vorrichtung nach Anspruch 11, dadurch ge-
kennzeichnet, daB ein Antriebsmechanismus in dem
dritten Teil (3) angeordnet ist und eine endlose Kette
enthalt, die um Kettenréder lauft und einen Stift
tragt, der mit einem Schlitz in einem Wagen oder
Schlitten zusammenarbeitet, auf dem ein oder die
beiden Arbeitskopfe (11, 12) montiert sind und an
dem die Montageplatte befestigt ist.

13. Vorrichtung nach Anspruch 12, dadurch ge-
kennzeichnet, daB der Wagen oder Schlitten auf
Schienen (9, 10) in dem dritten Teil (3) lauft und das
Drehen der Kette den Wagen oder Schlitten veran-
laBt, um einen Winkel von etwa 180° hin und her be-
wegt zu werden.

14. Vorrichtung nach Anspruch 13, dadurch ge-
kennzeichnet, daB ein zweiter Wagen oder Schlitten
vorgesehen ist, auf dem der andere Arbeitskopf
(11, 12) diametral entgegengesetzt zu dem ersten an-
geordnet ist und mit diesem mittels der Montageplat-
te befestigt ist, so daB der zweite Wagen oder
Schlitten sich mit dem ersten synchron auf Schie-
nen (9, 10) bewegt, die in dem oder den anderen bei-
den bogenférmigen Teilen (1, 2) gebildet sind.

15. Vorrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB die Ar-
beitskdpfe (11, 12) Diisen enthalten, mittels derer ein
Hochdruckwasserstrahl oder anderes abtragendes
Material auf die Oberflache der Struktur aufge-
bracht werden kann.

16. Vorrichtung nach Anspruch 15, dadurch ge-
kennzeichnet, daB jede Diise (11, 12) so drehbar an
einem Geh&use angeordnet ist, daB sie einen kreis-
férmigen Pfad beschreiben kann.

17. Vorrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB jeder Ar-
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beitskopf (11, 12) ein kombiniertes Kamera- und Be-
leuchtungssystem enthélt, das so angebracht ist,
daf es in der Lage ist, die getane Arbeit und die vor
der Vorrichtung liegende Arbeit zu betrachten.

18. Vorrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB der Ring
mehrere Auftriebskammern (18) enthalt, um die Ver-
drangung der Vorrichtung im Vergleich zu ithrem Ge-
wicht zu erhéhen, um ihr einen vorgegebenen neu-
tralen Aufirieb zu geben.

19. Vorrichtung nach einem der vorhergehenden
Anspriiche, dadurch gekennzeichnet, daB Trieb-
werke (120, 124, 126) mit der Vorrichtung verbunden
sind, um es ihr zu ermdglichen, als selbstangetriebe-
nes fernbedientes Fahrzeug zu arbeiten.

20. Vorrichtung nach Anspruch 19, dadurch ge-
kennzeichnet, daB die Triebwerke (120, 124, 126), ei-
nes in jedem der Teile (1, 2, 3), in den Ring einbezo-
gen sind.

Revendications

1. Appareil pour le montage de fagon amovible
d'une téte de travail (11, 12) sur une structure de
section circulaire, comprenant un anneau défini par
deux ou plus de deux membres (1, 2, 3) qui peuvent
s'engager de fagon coopérante et se déplacer en-
tre une position ouverte qui permet & I'anneau d'étre
mis en place sur la structure et une position fermée
dans laquelle 'anneau entoure la structure, la téte
de travail (4, 12) étant montée sur I'anneau pour se
déplacer périphériquement par rapport & la structu-
re et des moyens (6) pour positionner 'anneau sur
la structure et pour le déplacer axialement sur la lon-
gueur de celle-ci, lesdits moyens (6) comprenant
trois ou plus de trois jambes de support (6) montées
sur 'anneau en des emplacements espacés périphé-
riguement, caractérisé par le fait qu'au moins certai-
nes des dites jambes (6) sont déplagables en direc-
tion radiale par rapport 4 'anneau par des moyens
d'actionnement pour positionner l'anneau sur la
structure et que chaque jambe de support (6) et mu-
nie de moyens d’actionnement (8) qui sont comman-
dables de fagon indépendante pour déplacer fan-
neau le long de la structure dans un plan normal & la
ligne centrale axiale de la structure.

2. Appareil selon la revendication 1, caractérisé
par le fait que 'anneau est défini par trois membres
courbés en arc (1, 2, 3), deux de ces membres étant
fixés pivotants au troisiéme (3).

3. Appareil selon la revendication 1, caractérisé
par le fait qu'il est prévu un moyen d'actionnement
pour faire pivoter lesdits membres (1, 2) par rapport
au troisiéme (3) afin d'ouvrir et fermer 'anneau et
lui permettre d'étre mis en place sur et enlever de la
structure & section circulaire.

4. Appareil selon la revendication 2 ou 3, carac-
térisé par le fait qu'il est prévu un moyen d’actionne-
ment pour verrouiller 'une & l'autre les extrémités li-
bres des deux membres (1, 2) en position fermée gra-
ce a une bride de serrage a retournement ou
analogue.

5. Appareil selon la revendication 4 ou 5, carac-
térisé par le dit moyen d’actionnement et le moyen
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d'actionnement de verrouillage comprennent cha-
cun un piston hydraulique.

6. Appareil selon f'une des revendications précé-
dentes, caractérisé par le fait que chaque jambe de
support (6) comprend deux roues ou galets (8) espa-
cés axialement qui sont en prise avec la surface ex-
térieure de la structure et I'un des deux ou les deux
roues ou galets (8) peuvent étre actionnés. :

7. Appareil selon I'une des revendications précé-
dentes, caractérisé par le fait que chaque jambe de
support (6) est déplagable radialement par des
moyens d’actionnement pour centrer Fanneau sur la-
dite structure et le mouvement radial est actionné
hydrauliquement au moyen d'un systéme d’écoule-
ment égal qui assure le positionnement centré de
'anneau.

8. Appareil selon la revendication 7, caractérisé
par le fait qu'il est prévu un mécanisme de ver-
rouillage mécanique pour verrouiller les jambes de
support (8) en position sur la dite structure.

9. Appareil selon la revendication 6, 7 ou 8, ca-
ractérisé par le fait qu'un systéme de montage &
ressort est employé sur chaque jambe de support
(6) afin de compenser les faibles variations de dia-
métre de la structure.

10. Appareil selon 'une des revendications pré-
cédentes, caractérisé par le fait quil est prévu
deux tétes de travail qui sont montées diamétrale-
ment opposées |'une a 'autre sur une plaque de mon-
tage portée par 'anneau et susceptible d'étre ani-
mée d’'un mouvement de va-et-vient.

11. Appareil selon la revendication 10, caractérisé
par le fait que le troisitme membre arqué (3) de f'an-
neau est un arc d’au moins 180 et son extrémité axia-
le est définie par la plaque de montage qui porte les
deux tétes de travail (11, 12).

12. Appareil selon la revendication 11, caractérisé
par le fait qu'un mécanisme d'entrainement est dis-
posé dans le troisiéeme membre (3) et comprend une
chaine sans fin entrainée autour de pignons et por-
tant un tenon qui peut coopérer avec une fente
dans un chariot sur leque! est montée une des deux
tétes de travail (11, 12) et auquel est fixée la plaque
de montage.

13. Appareil selon la revendication 12, caractéri-
sé par le fait que le chariot se déplace sur des rails
(9, 10) dans ledit troisitme membre (3) et la rotation
de la chaine fait déplacer le chariot d'un mouvement
de va-et-vient sur un arc d’environ 180.

14. Appareil selon la revendication 13, caractéri-
sé par le fait qu'il est prévu un second chariot, dia-
métralement opposé au premier, sur lequel est mon-
tée lautre téte de travail (11, 12), et qui est relié au
premier par l'intermédiaire de la plaque de montage,
de sorte que le second chariot se déplace aussi en
synchronisme avec le premier sur des rails (9, 10)
formés dans les autres deux membres en arc (1, 2)
de l'anneau.

15. Appareil selon 'une des revendications pré-
cédentes, caractérisé par le fait que, dans les tétes
de travail (11, 12) sont incorporés des ajutages gra-
ce auxquels un jet d'eau & haute pression ou auire
matériau abrasive peut étre projeté sur la surface
de la structure.

16. Appareil selon la revendication 15, caractéri-
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sé par le fait que chaque ajutage (11, 12) est monté
rotatif dans un boitier de fagon & décrire une trajec-
toire circulaire.

17. Appareil selon l'une des revendications pré-
cédentes, caractérisé par le fait que chaque téte de
travail (11, 12) comprend un systéme de caméra et
d'éclairage combinés qui est monté de fagon & pou- -
voir visionner le travail fait et le travail en avant de
I'appareil.

18. Appareil selon I'une des revendications pré-
cédentes, caractérisé par le fait que I'anneau com-
prend une pluralité de chambres de flottabilité (18)
pour augmenter le déplacement de I'appareil par rap-
port & son poids et lui donner une flottabilité neutre
prédéterminée.

19. Appareil selon F'une des revendications pré-
cédentes, caractérisé par le fait que des impul-
seurs (120, 124, 126) sont connectés a I'appareil
pour lui permetire d'opérer comme véhicule auto-
propulsé télécommandé.

20. Appareil selon la revendication 19, caractéri-
sé par le fait que les impulseurs (120, 124, 126) sont
incorporés & Panneau, un dans chacun des mem-
bres (1, 2, 3).
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