"Method and Apparatus for Securing a Conduit to a Structure” This
invention relates to a method and apparatus for securing a conduit to 5a
structure. The structure typically contains fluids to be removed through the
conduit. Some embodiments may be useful for structures into which fluids
are to be injected through the conduit. Embodiments of the invention are
particularly useful for attaching conduits such as pipes to structures that
are relatively inaccessible, for example, tanks and other 10structures that
are submerged in water and only allow access to one face of the tank.
Some embodiments are useful for attaching pipes for the removal of oll
and other environmentally damaging fluids from submerged ships.
15Many submerged structures such as sunken ships etc contain large
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removal of 0|I and other environmentally damaging fluids from submerged

ships.

15 Many submerged structures such as sunken ships etc contain large
amounts of oil or other fluids that would be environmentally damaging to
release into the surrounding environment in an uncontrolled manner. In
order to prevent uncontrolled release of the fluids from the structure, the
oil or other fluid is typically removed from the structure in a controlled

20 manner, and conduits such as pipes are traditionally secured to tanks in
sunken ships for the purpose of emptying the tank of the oil contained

therein.

Currently, flanged pipes are secured to tanks by welding if possible,
25 otherwise they can be secured by fasteners such as bolts or rivets. In
some cases when both sides of the tank are accessible, the pipe can be

swaged into a previously bored hole using a pipe swaging tool.



5flanges are often held against the structure by magnetic drill stands as
they are drilled and secured to the structure. The flanged pipe is normally
pre-fitted with a valve and the final hole in the structures is drilled down
through the open valve within the bore of the attached pipe in order to
contain the oil within the pipe when the drill is removed. 10 The current
process can be risky if the liquid or gas in the tank is under pressure, or is
flammable or toxic, and it is always time gonsuming and difficult, and
therefore expensive in terms of diver time and level of skill needed. The
time and expense is compounded by the fact that oil 15 frequently spills
from the tank or machinery spaces of most wrecks and some of it remains
trappé@dievitiditiottab meres! 6o thigusth s uetoveal Theoipphsirtikerefore be

remowGH fagMaiRER GifEtRALRAMES BEML YISk VANChY %Wfb@@bz requires
b b hed ind for the

a large number of pipes to be attached in different locations for
contrOREGHEMGAFEF AROMAL VAT ANE B3 R85 1N4AE Ti45Bi59 iy prder to
disclosendiarigprdpiibools thé coend diong passingshosgiutiafanges. The

\CCOINGA0 INe G RO %&@?%@&'}Séﬁjf’é %V' ReMEiPRL Bl a

. S
attaching 25a conduit to a structure as claimed in cfaim 18. Typlcasl'ly the

structii®y i3pIdRRGLRRAIFES U S 4P fRESHHEUR- o PR SREIALBIRG fasermaly
exampie.filieISUICEVaIGaarePIPFiaal AdRNK fraviigiaoresterddirss) Jase,

and ag inn ftﬁqseecogr‘%'lé Gt %e{ﬁ%‘BoeerP@ié“?g&&% Orioner fhe
conduﬂ pa%ses tﬁPou_g | aenole in the outer (_|rs_t"3‘ qeeormihe rtictire until
the néektpisthes eHnailijn the Pipkeverairéhe, dildesaemeusd.

10

The current process can be risky if the liquid or gas in the tank is under
pressure, or is flammable or toxic, and it is always time consuming and
difficult, and therefore expensive in terms of diver time and level of skill
needed. The time and expense is compounded by the fact that oll

15 frequently spills from the tank or machinery spaces of most wrecks and
some of it remains trapped within other parts of the ships structure. The
oil must therefore be removed from various different parts of the wreck,
which typically requires a large number of pipes to be attached in different

locations for the controlled removal of all of the oil.
20
GB2217801 and US4284110 disclose earlier methods of connecting

conduits to structure.

According to the present invention there is provided a method for attaching

25 a conduit to a structure as claimed in claim 18.

Typically the structure is planar and has a first face and an opposite
second face. For example, the structure can comprise a tank having an
outer (first) face, and an inner (second) face. In certain embodiments, a
30 portion of the conduit passes through a hole in the outer (first) face of the

structure until the neck passes through the hole entirely, and extends



3 beyond the second (inner) face of the structure at the opposite end of
the hole. The conduit typically has a shoulder or flange or some other stop
mechanism on the outer surface of the conduit in order to restrain the
movement of the conduit too far into the hole, so that when the shoulder
5engages the outer face of the structure and prevents further axial
movement of the conduit into the hole, the neck only extends a short
distance from the opposite inner face of the structure. The neck can have
a restriction in the inner diameter in some embodiments, but in other
embodiments, the internal diameter of the neck can be flush with the inner
10diameter of the conduit. The invention also provides apparatus for
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1Protrugiances igRxisRding radially into the internal passage, typically
within the bore of the internal passage and spaced some distance from

the end of the passage. The step or lip can 30be continuous around the
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the initial internal dimensions of the internal passage can be substantially
constant along its length, and the neck can be located at one end of the
1Passappictig the rexdeis aldledazesoah det dafosmeefanteed by the passage

of the expander device from a first configuration in which it allows passage
of the neck through the hole before the expander device is passed through
the internal passage, to a second configuration, in which it prevents or
restricts passage of the neck through the hole, after expansion of the neck
20 by the movement of the expander device through the internal passage.
The neck is typically formed at the distal end of the conduit that is inserted

into the hole in the structure.

In some embodiments the internal dimensions of the internal passage can
25 vary along the length of the internal passage. For example, the neck can
be in the form of a step or lip in the internal surface of the conduit, for
example, an internal shoulder, protrusion or ring extending radially into the
internal passage, typically within the bore of the internal passage and
spaced some distance from the end of the passage. The step or lip can

30 be continuous around the whole circumference of the inner surface of the



5a funnel shape by the movement of the expander device through the
passage. It is sufficient for the external diameter to be deformed into an
asymmetric shape to retain the neck in the hole, as the expander device
will typically expand the internal passage to a uniform internal dimension.
The lip can be formed from a step that is machined, cut or moulded into
10the inner surface of the bore of the conduit. In some embodiments the
lip can be formed separately and subsequently attached, for example by
welding or gluing a protrusion such as an annular or semi-annular ring to
the inner surface. In some embodiments of the invention, the lip can
comprise a formation of solder or weld residue formed on the inner
surfacedéof iheandre fof ezl do dditetE g dalhs thatdrieaistctian®rs. ish
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comprise a formation of solder or weld residue formed on the inner surface
15 of the bore of the conduit.

Typically the drive mechanism is adapted to drive the conduit through the

hole in the structure. The apparatus may also include an attachment

mechanism optionally comprising a clamping mechanism to temporarily
20 connect the conduit to the structure before the expander device is driven

through the conduit.

The conduit can be cylindrical, with an inner surface that is arcuate in
cross section. In some embodiments, the conduit can be square, and the
25 inner surface of the conduit can have other shapes of cross section, such

as rectangular cross sections.



hydraulic cylinder and piston arrangement. The same hydraulic cylinder
and piston arrangement can optionally be used to drive the conduit into
contact with the structure. The same driving mechanism can optionally be
used to drive the movement of the expander device, although that can be
15driven by other mechanisms. The expander device can be tapered, with
one portion that is wider than the neck, and one portion that is narrower
than the neck. The expander device can gcorporate moving parts, for
example it can itself be adapted 20to expand during, before or after
passage of the device through the passage. In some embodiments, the
expander device can be solid with no moving part. The expander device is
typicallyeceinjz al eshfroisto-ypitighy. cDhepaseaadbpdigeicer calfnoge dmslly
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The expander device can be tapered, with one portion that is wider than
the neck, and one portion that is narrower than the neck. The expander
device can incorporate moving parts, for example it can itself be adapted

20 to expand during, before or after passage of the device through the
passage. In some embodiments, the expander device can be solid with
no moving part. The expander device is typically conical or frusto-conical.
The expander device can optionally incorporate bearings to control the
torque that is applied to the expander device. The expander device can

25 be mounted within an upper portion of the conduit, and above the neck, or
below it. The expander device can be adapted to pass all the way through

the neck (or the pipe) or only through a section of the neck or the pipe.



20system being attached to the structure. Embodiments can be quickly
clamped (temporarily or permanently) to the structure (e.g. using
magnets) and the pipe can be attached from one side of the structure
within minutes. Embodiments of the equipment can be easily transported
and can be operated on different vessels ranging from small fishing boats
to 25large ships. The guide assembly containing the conduit is typically
lowered onto the tank top, side or any pagt of the tank or structure
requiring a pipe to be attached. It is optionally clamped temporarily in
position by magnets, 30weights, brackets or fixings such as self tapping
screws or bolts typically acting between a flange on the guide assembly
and tiéeaanabrige the be guidetedsemblyds aiteohidy, totlsetathie tanduil
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Embodiments of the invention typically require fewer operator skills
because the driving mechanisms can be set up on the surface prior to the
20 system being attached to the structure. Embodiments can be quickly
clamped (temporarily or permanently) to the structure (e.g. using magnets)
and the pipe can be attached from one side of the structure within
minutes. Embodiments of the equipment can be easily transported and
can be operated on different vessels ranging from small fishing boats to

25 large ships.

The guide assembly containing the conduit is typically lowered onto the
tank top, side or any part of the tank or structure requiring a pipe to be
attached. It is optionally clamped temporarily in position by magnets,

30 weights, brackets or fixings such as self tapping screws or bolts typically

acting between a flange on the guide assembly and the tank. Once the



mechanism and optionally the guide assembly can then typically be
recovered leaving the pipe attached to the structure. 25 The clamping
mechanism, usually made up of magnets, advantageously has sufficient
force to resist the rotational force of the drill and to have enough force to
react against the force of the pipe being pushed into the hole. As long as
the force mechanism is attached to both the pipe and the 30guide there is
substantially no force pushing the pipe ogt of the hole when the mandrel is
being forced in to swage the pipe. 8 In a further embodiment, the guide
assembly is loaded with the required components but the conduit can
have parallel and continuous internal walls with no stepped portion, and
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15structsteppEdeportiemal sastaceabtlibevagchroaghit@e hole to emerge from the

other side of the tank, but embodiments of the invention can still function if
the portion of the neck that is expanded is still within the hole when the

flange of the conduit is flush against the outer surface of the tank.

20 The expander device is typically forced through the conduit past the neck
until it drops from the distal end of the pipe along with the drill bit and the
drill stem into the structure. The drill motor, the hydraulic driving
mechanism and optionally the guide assembly can then typically be

recovered leaving the pipe attached to the structure.

25
The clamping mechanism, usually made up of magnets, advantageously
has sufficient force to resist the rotational force of the drill and to have
enough force to react against the force of the pipe being pushed into the
hole. As long as the force mechanism is attached to both the pipe and the
30 guide there is substantially no force pushing the pipe out of the hole when

the mandrel is being forced in to swage the pipe.



plain, with parallel walls, or it can be stepped, with a rib, lip or other
25internal protrusion to engage the outer surface of the expander device.
The internal protrusion can be continuous around the whole inner
circumference of the pipe or it can be formed in discrete portions. 9
According to this modification, the clamping system, usually made up of
magnets, only requires sufficient force to resist the rotational force of the
drill, and to push the pipe through the holg as the force on the mandrel
when it swages the pipe acts against the flange and thereby exerts no
5force pushing the guide off the structure. In certain embodiments, the
structure has a double skin, each with an outer and an inner surface, and
the oil to be recovered is located within the inner skin, with a void between
the spacddréirirembrainaat e oskia gssembbuieHagsegsvitighe required
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expander device engages the inner surface of the neck. As it is forced
further into the neck of the pipe the tapered end of the expander device
deforms the neck to push it radially outwards, which causes the pipe to
20 expand and lock itself in the hole. The mandrel is forced back towards the
cutter until they both drop through the structure leaving the hole clear.
The drill, force mechanism and guide can be recovered leaving the pipe
firmly attached to the structure. The internal surface of the neck can be
plain, with parallel walls, or it can be stepped, with a rib, lip or other
25 internal protrusion to engage the outer surface of the expander device.
The internal protrusion can be continuous around the whole inner

circumference of the pipe or it can be formed in discrete portions.

30



10 Optionally the conduit can be a pipe that is adapted to convey fluids
from the structure to a recovery vessel outside the structure. In some
embodiments, the conduit can comprise a shorter sleeve that is adapted
to physically connect the structure to another conduit for conveying the
fluids 5to the recovery vessel. The sleeve can optionally have fasteners
and/or seals to mechanically connect and seal it to the other conduit.
Embodiments of the invention could alsode used for securing a plate to a
structure. In certain embodiments the structure could optionally be lifted
10by the pipe. Embodiments of the invention will now be described, by
way of example, with reference to the accompanying drawings, in which,
15FigAcatding tntleg prodidt atiew tfeactxstpemgsydiamnentfadp paaed eusofof
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In certain embodiments, the structure has a double skin, each with an
outer and an inner surface, and the oil to be recovered is located within
the inner skin, with a void between the spaced apart inner and outer skins.
In such cases, it is advantageous if the conduit is passed through the
outer and inner skins of the structure before the neck is expanded, so that
the neck is expanded when a portion of the neck is located in or beyond
the inner skin of the structure. In such embodiments, the guide plate is
typically stably connected to the outer skin (typically on the outer surface
of the outer skin) and the neck is inserted through holes in the outer and

inner skin, before the expander device is driven through the neck.

In some embodiments the drive mechanism can be secured to the
structure, and typically this is done by securing the guide plate to the
structure and securing the drive mechanism to the guide plate, thereby
transferring reaction forces applied to the drive mechanism during driving
of the expander device back to the structure through the securing
connections. Typically the drive mechanism can be secured in this way by
a locking mechanism, which can be welded or swaged to the guide plate
and/or the structure. Typically the locking mechanism has locking devices
to engage and release the conduit. Typically the locking mechanisms can
comprise elongate rods extending parallel to the conduit, and connected to
the conduit through lever arms that engage and disengage the conduit,

typically interacting with a flange on the conduit.



Fig 12 shows an attachment sleeve for use with a second embodiment of
the invention; Fig 13 shows a further view of the fifth expander device; Fig
14 shows a sixth expander device; 11 Fig 15 shows a pipe attached to
the structure after removal of the guide frame; Fig 16 shows a side view of
a second method of attaching a pipe to a structure; 5Fig 17 shows a third
method and apparatus for attaching a pipe to a structure; Fig 18 shows a
further view of the Fig 17 method and appgaratus; Fig 19 shows a pipe
attached to the structure by the third method; Fig 20 and 21 show
sequential views of a fourth method and 10apparatus for attaching a pipe
to a structure; Fig 22 shows the fourth embodiment of the apparatus being
withd @ptieriedinttieccpipleitigrs X320 Ehihat adtedaativg: toiears/ ey tvilllsfeons

for usg e ﬂ?ﬁ%@%%%@@%?%?&J&F% Rirdrefii 2fhalh@® show

alternative connections between the drill stem and the motor of any of the
apparROAER B EPERH TG BEPEMYIRE & %'@E%é!ﬁ%@aﬂ?ﬁ‘{ﬁsrﬁgyﬁ%%d to
and apipasiaiillg fonatiechingtaqiipe to ansthecteweadiuit for corvigyBih shevEd

side view of a0y e A ARRRA" AN [RIcAARASOL Y ANES Bhdor

structure;
seals to mechanically connect and seal it to the other conduit.

Embodiments of the invention could also be used for securing a plate to a
structure. In certain embodiments the structure could optionally be lifted
10 by the pipe.

Embodiments of the invention will now be described, by way of example,

with reference to the accompanying drawings, in which,

15 Fig 1 shows an exploded view of a first embodiment of apparatus
for securing a conduit to a structure;

Figs 2-4 show sequential views of the Fig 1 apparatus attaching a
conduit to a structure;

Fig 5 shows a guide frame for the Fig 1 apparatus;

20 Fig 6 shows the Fig 5 guide frame with a cut out to clear a valve;
Fig 7 shows a first expander device for use in the Fig 1 apparatus;
Fig 8 shows a second expander device;

Fig 9 shows a third expander device;

Fig 10 shows a fourth expander device;

25 Fig 11 shows a fifth expander device;

Fig 12 shows an attachment sleeve for use with a second
embodiment of the invention;

Fig 13 shows a further view of the fifth expander device;

Fig 14 shows a sixth expander device;



Fig 32 shows a further view of the sixth method and apparatus; Fig 33
shows a side view of hydraulic cylinders used in various methods shown
in the drawings; Fig 34 shows a front view of a seventh
embodiment of apparatus 25for attaching a pipe to a structure; Fig 35 is a
side sectional view of a conduit for the seventh embodiment; Fig 36 is a
side sectional view of a guide plate for the seventh embodiment; 12 Fig
37 is a front view of a hydraulic cylinder ggsembly for the seventh
embodiment; Fig 38 is a side sectional view of a drift and drill bit assembly
for the seventh embodiment; 5Fig 39 is a plan view of the seventh
embodiment; Figs 40 and 41 show plan views of a lever arm assembly of
the seventhFegnbosimentinifschitachad foabecsindicjuraiadies nespeativishe
Figs 42 to 4W%ﬁ?ézluential front views of the seventh embodiment
being used; loﬂFdig 47 shows a front view of the seventh embodiment

corresponding AP FIPLHE FIEG MRS et EMSY a8 CERJAd Ui RIRe 1o

sectional vievstwfidheeend of the conduit of the seventh embodiment

owi e : ; \ ) eiaht
bodiment & F A M ER SpBLAC ol R
embodimentf8F&fiching a conduit to a structure S. In the figure 1

exploded vievy, 1Begsue difrervprisason wylingdricahRipe d dvipgaatus;
external flar?gge if9ﬂs1ﬁ%\;\§s a pipe attached to the structure by the third method;
Fig 20 and 21 show sequential views of a fourth method and
10 apparatus for attaching a pipe to a structure;
Fig 22 shows the fourth embodiment of the apparatus being
withdrawn from the pipe;
Figs 23-27 show alternative views of drill stems for use in any of the
apparatus described herein;
15 Fig 28 and 29 show alternative connections between the drill stem
and the motor of any of the apparatus described herein;
Fig 30 shows a side view of a fifth method and apparatus for
attaching a pipe to a structure;
Fig 31 shows a side view of a sixth method and apparatus for
20 attaching a pipe to a structure;
Fig 32 shows a further view of the sixth method and apparatus;
Fig 33 shows a side view of hydraulic cylinders used in various
methods shown in the drawings;
Fig 34 shows a front view of a seventh embodiment of apparatus
25 for attaching a pipe to a structure;
Fig 35 is a side sectional view of a conduit for the seventh
embodiment;
Fig 36 is a side sectional view of a guide plate for the seventh

embodiment;



spaced from one distal end. As best shown in figures 5 and 6, the
20apparatus for attaching the pipe 1 comprises a guide plate 2p that is flat
and rectangular, and a guide tube 2t with a hollow bore that extends
perpendicularly from the upper face of the guide plate 2p. The guide tube
2t is welded to the guide plate 2p, and is co-axial with and surrounds a
central aperture 2a in the guide plate 2p which is slightly narrower than
the 25bore of the guide tube 2t, so that g padially extending lip is formed
between the aperture 2a and the lower face of the tube 2t. The bore of the
guide tube 2t and the aperture 2a are coaxial. 13 The valve housing V is
similarly flanged to support on its upper surface a spacer P. The bores of
the spacer g3 \abvisdmbd wingol/eamaditaalioudydirRiesrasseaial fovitheone
another, angé(‘/ghtﬁ'@rﬂ)%ﬁméﬁt?& and all of these components have a
circular cross section. 5 The plate 2p has rectangular apertures on each
side of the dperfirs 33 4R RAIGRRhIEYHRLG TS DAl asRRIABIY dAuthe
from which teeygremengsdimtre; lower surface of the plate 2p to engage

ghe surface g ‘%B‘&*‘a‘%l&’ﬂﬁ@&b’oﬂﬁ&a%%ﬂﬂ%ﬁ%%‘Hiﬁ%ﬂ?e magnets M can

temporarily cgnnect. 10The magnets M are typically switchable, and can

be for exampRS&BAragRaYS PERIVIRWEG RERC U StAhaRSeRYINOUSEd for
this purposesevehie ghisdrimaie idnogrédeidirdcoalyerhmisngsyedadely;

spacer P together comprise a quide mbly for delivering apd
connecting %'%?p%% O’Iﬂ @hse Tgsst%rﬂg unrﬁegé?oﬂgéx S%Seof lléelgga 2t hwithin the

bore of the gmbedimsatherngolerttnds beyond the guide tube 2t into the

10valve housimngy Vi wesnk istiadts/iiliak trtr astedpasitiyuikefere the pipe 1
is connected to the st({.ucture r’L has.a s{gﬁaller iameter than

S. The 20pi
e more o ARl S o AT A AER TG i by moarns
of flanges 1Fiar8 shtisnallsebijommaimobiziEene ol thatisdpetead. If

desired, thesfégg% iérﬂﬂgo%@ﬁ?foﬁé\ﬁﬁﬂ p&ﬁ@aﬁq;tgﬁ@e inner surface of

the bore of the guide tube 2t, and optionally the valve housing V, b%/
means of o-'ﬂﬂg (ﬁhBW‘?e? gé)gfs?ectlonal view of an eighth embodiment.
15

Referring now to the drawings, figure 1 shows a first embodiment for
attaching a conduit to a structure S. In the figure 1 exploded view, the
conduit comprises a cylindrical pipe 1 having an external flange 1f that is
spaced from one distal end. As best shown in figures 5 and 6, the

20 apparatus for attaching the pipe 1 comprises a guide plate 2p that is flat
and rectangular, and a guide tube 2t with a hollow bore that extends
perpendicularly from the upper face of the guide plate 2p. The guide tube
2t is welded to the guide plate 2p, and is co-axial with and surrounds a
central aperture 2a in the guide plate 2p which is slightly narrower than the
25 bore of the guide tube 2t, so that a radially extending lip is formed between
the aperture 2a and the lower face of the tube 2t. The bore of the guide

tube 2t and the aperture 2a are coaxial.

The upper end of the guide tube 2t is flanged to accept a valve housing V

30 carrying a valve that is adapted to close the bore of the valve housing V.



25although this is not necessary. The pipe 1 is axially slidable within the
bore of the guide tube 2t and the valve housing V. The spacer P is open at
each end and accepts on its upper end a cap in the form of a removable
cap C that carries a hydraulic cylinder 3 with a piston 3p to which is
connected a rotary motor 4 that rotates a drill stem 5. The cylinder 3 and
30the drill stem 5 extend through the bore of the spacer P, valve housing
V 14 and guide tube 2t, and the drill stegy5 is connected at its lower end
to a rotary drill bit 6 that is suitable for cutting a circular hole through the
structure S. As is shown in Fig 1, the bit 6 fits within and is adapted to
pass through the aperture 2a of the guide plate 2p. Before being
5connédetedlve thruiginf Miissithiadyilllatgat Sopsgxesttbnotsghpper ismérdsore
of an gypanqer fAqyissda taenioumel arliifle LahRendlilifghRs b esats ot

shape of external circumference as the pipe 1 O%I this case they are
%‘c‘!pé‘?j%%

circuldF§ SREXA! VI I PRERE iARAK) "% GRSl ith HfSner
diametenpbikeatpipayd aldieviadesigsasatidrine drift 7 is the apex 7w at its
gLlO0upper portion, and the drift 7 progressively narrows in its external
diameter towards a head 7h at its lower end. At its upper end, the drift 7

has alRiRHR APIHHHGRC AR SRENHS T p TR T ARIdRE soRiTWER®
apex thtoafineriinfaghagsaviingtien) pRigian 6d firdMS/GASE tifeq R MéagH an
part of the drift, but it can optionally be a separate cylindgical spacer. On
oo 10T RS G 0 dhR HRrE 1 & P s SR
bearittigdallpretalichend syuinshithe arapsaisnVb RGP AHEeaBRE L

1¢he drifitd niyHedd iherotabierIf ShrcHEN stemiT Sy HRIRRREMAR Of the
motor 4 is not transmitted to the, dgf I7 20The h)&drauliagﬁlﬁli&ﬂ er 3 with the
F N

attaciREFHRREPASIHA AT MSIRYS SFY BRR R the ameeapc,

and then the drill stem 5 is offered to the inner bore of the drift 7, so that

the drid/ &5%98%%%@@, LB RB VAR HRIRY W&%%&H&W'%QQ&%

section 7c¢ of the drift 7 abuts against the lower surface of the motor 4 as

showRBRRIA AGUYEASREREY B HCHMErD8\RREIECAE8E MG Bitfd IS,
18he drlirstames5.the motor 4, the hydraulic

The pipe 1 is located within the bore of the guide tube 2t, and extends
beyond the guide tube 2t into the valve housing V when it is in its initial
retracted position, before the pipe 1 is connected to the structure S. The

20 pipe 1 has a smaller diameter than the bore of the guide tube 2t, and is
typically spaced therefrom by means of flanges 1f, and optionally by
means of a spacer 1s at its upper end. If desired, the flange 1f and spacer
1s can be sealed to the inner surface of the bore of the guide tube 2t, and
optionally the valve housing V, by means of o-rings or other seals,

25 although this is not necessary. The pipe 1 is axially slidable within the
bore of the guide tube 2t and the valve housing V. The spacer P is open
at each end and accepts on its upper end a cap in the form of a removable
cap C that carries a hydraulic cylinder 3 with a piston 3p to which is
connected a rotary motor 4 that rotates a drill stem 5. The cylinder 3 and

30 the drill stem 5 extend through the bore of the spacer P, valve housing V



cylinders and the removable cap C are offered into the bore of the spacer
P, the valve housing V and the pipe 1, so that the drift passes down the
inner bore of the pipe 1, as best shown in figure 2. Once the removable
cap C has been attached to the upper flange of the spacer P, the lower
30end of the drill stem 5 will protrude from the lower end of the drift 7, and
15 the drill bit 6 can then be attached to the lower end of the drill stem 5,
beneath the drift 7, so that it is suspended above (or against) the plate 2p,
and does not extend beyond the lower surface of the aperture 2a. At this
initial assembly stage, before the structure S has been cut, the pipe 1 is
5still in the position shown in figure 1, and the drift 7 is freely slidable
alongaine: guitie dfitleebavadithehedripigte . SAthem tiestpipat tsdowedsnidbtber

attach@g,t}p&nﬁa SIS EREE S SuB B %&ﬁﬁ&@@lvcaﬁapméqﬁre g’rﬁhﬁéw'se

guided onto the surface S, and the 10magnets M are actuated or allowed

to attSEHIHE Rer 25 fémﬁﬂ‘ft‘ﬂ’d’nwwt& R R @R Scture
S. Othpassempoganhatipertmerdaoeé diagismesptas be Befdrnbtéagl of
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hydraulic cylinders. Naturally, the extension of the 25hydraulic ¢ nder 3
also dﬂ%&'fﬁhé‘ﬂr‘ﬂlc%ﬂp%oaﬁﬂb’th% %Iﬁﬂ%faéetﬁyaﬂﬂﬂcﬁ{é%ﬁﬁ%tu% &8head
1%f theimipedbanof the dhittt 77iHdver eley taottiog: sseatoast dolegto gadeisdrihe

pipe Jdrder to bear against the drill stem 5 within the inner bore of the drift 7, so
that the rotation of the drill stem 5 during operation of the motor 4 is not
transmitted to the drift 7.

20 The hydraulic cylinder 3 with the attached motor 4 and drill stem 5 are
connected to the removable cap C, and then the drill stem 5 is offered to
the inner bore of the drift 7, so that the drift 7 slides up the drill stem 5 until
the upper edge of the cylindrical section 7c of the drift 7 abuts against the
lower surface of the motor 4 as shown best in figure 2. At that point, the

25 whole assembly of the drift 7, the drill stem 5, the motor 4, the hydraulic
cylinder 3 and the removable cap C are offered into the bore of the spacer
P, the valve housing V and the pipe 1, so that the drift passes down the
inner bore of the pipe 1, as best shown in figure 2. Once the removable
cap C has been attached to the upper flange of the spacer P, the lower

30 end of the drill stem 5 will protrude from the lower end of the drift 7, and



The cutting diameter of the drill bit 6 is chosen to closely match the
30external diameter of the pipe 1, so that the lower end of the pipe 1 is a
16 snug fit within the hole that is drilled through the structure S, as best
shown in figure 2. The downward movement of the drill bit 6 through the
structure S continues until the hole is cut and eventually the flange if
(which has a larger diameter than the hole that has been cut) bottoms out
50n the upper surface of the plate 2p. Atjthis point (just after the stage
shown in figure 2) further axial movement of the pipe 1 within the guide
tube 2t is prevented. At this position with the flange if shouldered on the lip
of the aperture 2a, the lower end of the pipe 1 extends all the way through
the hohe ritheitrcatuneshihatthelzet s Heekhweilleodyf the witl GteonDthat it

protruges ST 1P W58 RINE A bENB RRaRS fldhearing 1

typically has a circlip located in a circumferential é%:oove in the oute
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plate 5s, the circlip moves into alignment WI'[ a groo e on e inne
surfaé@ecﬁ%ﬁé)biﬁﬂ@%ﬂ)@ HeqirRel same time as the flange if bottoms out
on the lip of the aperture 2a. The circlip is then free to expand between

the gropve ntheo ter surf e20 nge and the ve on.the
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down the now stationary pipe 1. As the drift 7 moves axially down 30the
pipe PROMEIRANS SRR ARARPSIRENG AL thapaRsure 22

15 the motor 4 is actuated in order to drive the rotation of the drill stem 5 and
the drill bit 6. The bearings between the outer face of the drill stem 5 and
the inner bore of the drift 7 prevent the transmission of torque from the
rotating drill stem 5 onto the drift 7, which remains rotationally stationary,
and a relatively tight fit within the bore of the pipe 1. Once the drill bit 6 is

20 rotating at the required cutting speed, the piston 3p within the hydraulic
cylinder 3 is extended to push the motor 4 down the pipe 1. Since the
lower surface of the motor 4 abuts against the upper cylindrical portion 7c
of the drift 7, the drift 7 is also pushed axially down the bore of the pipe 1
by the extension of the hydraulic cylinder 3. Naturally, the extension of the

25 hydraulic cylinder 3 also drives the drill stem 5 and the drill bit 6 through
the structure S ahead of the pipe 1 and the drift 7, thereby cutting an

access hole to receive the pipe 1.

The cutting diameter of the drill bit 6 is chosen to closely match the

30 external diameter of the pipe 1, so that the lower end of the pipe 1 is a



17 pressed inward against springs in radial recesses in the drift 7 become
axially aligned with a circumferential slot in the inner surface of the pipe 1,
at which point the shear pins 7p are extended radially outwards by the
springs into the slot in order to lock the drift 7 to the pipe 1. At that point,
5 the configuration of the apparatus is between the stages figures 2 and 3,
with the drill bit 6 extending from the aperture 2a, and the drift 7 only just
starting to protrude from the lower end of ghe pipe 1. As the hydraulic
cylinder 3 continues to push the piston 3p downwards, 10the shear pins
7p connecting the drift 7 to the pipe 1 eventually shear under the force
applied by the hydraulic cylinders, freeing the drift 7 to move axially within
the bereiofitivétpipehe. Helgtthet dalutiedhittfonohdnecrttustute I rifs Pgaishes

the h%ﬂgvmuanﬁlﬁéjﬁ'ftmg‘dﬁlﬂ\%ﬁv}ﬁ%\@%@%%f AtPiIthE S Riginthe

pipe 1, which is how extend |n%P%(1-:- low the lower surface of 15the structure

S. Thé“iBWé@e%&%?'ﬂﬂ?%fﬂé" Rale R kiNREe LR AEIIARIRES a lip
that pfotiabeéssadiaiiye irnlizandseatioam chthieoienkatdizebetarencebofttnesnte
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20the lower surface of the stru ure at he ears the low

surfaSQFHB BB HUShaTaxial RYERIRNEShiDriSEe A i s guie
disconiiswipus s ehtealdat my\rﬁjduxuwd\mntméh&ﬂyeeﬁ%uﬁam@ﬁtbﬁ pipe

1, adjgce |tso enin T eI extends nwards r
dlstanﬁe ha?h saunr?g%ernja gr(armre‘ater% P pvx?% tg ngt@{x%w]a
25diathetegiothg Bdie dultTe sirqﬁér@rﬁt;mmﬁanmqhmlthé Ryt Pt 69is

1Permitgathenemsléh e mans bR aicther iwatrlyigrdending lip without

deforming it, but since the apex 7w of the drift 7 is wider than the internal
diameter of the circumferential lip, it is eventually driven into engagement
with thbdifidngehld obtittnpipd towivaty ddsrecisbipriethtey heacylinder 3. At

30‘“'%?&5H¥f9|fe‘?uﬂ9ﬁ§1%mfe”ih the &RB@&%F%@&QP@W&YH@'WH&Q%H@

configuration shown'in figure 3, with the widest part of the drift 7 at the
apex 90\‘?554@%9&?996!%3[% ?Hﬁ@%m‘?dl?@%ﬁl‘{éaﬁﬁ gt Y i HPEEh e SiHE

15 pipe 1 moves down the bore of the guide tube 2t, and the flange 1f
approaches the lip of the aperture 2a at the plate 5s, the circlip moves into
axial alignment with a groove on the inner surface of the guide tube 2t, at
the same time as the flange 1f bottoms out on the lip of the aperture 2a.
The circlip is then free to expand between the groove on the outer surface

20 of the flange and the groove on the inner surface of the guide tube 2t, so
as to lock the flange and pipe 1 axially within the bore of the guide tube 2t,
with the flange 1f bottomed out on the lip of the aperture 2a, and the
lowermost end of the pipe 1 extending through the drilled aperture in the
surface S.

25
Once the flange 1f has engaged with the lip at the edge of the aperture 2a
and the circlip has expanded, the continued movement of the piston 3p
within the cylinder 3 continues to exert axial force on the drift 7 pushing it
axially down the now stationary pipe 1. As the drift 7 moves axially down

30 the pipe 1 it reaches an axial position at which shear pins 7p that are



1. The neck in of the pipe 1 is more malleable than the drift 7, and
continued force applied from the cylinder 3 pushes the apex 7w of the drift
5down through the lip, causing it to deform radially outwards until the drift
7 passes entirely through the neck in of the pipe 1 as shown in figure 4.
After passage of the drift 7 through the neck in of the pipe 1, the outer
diameter of the neck in of the pipe 1 is flared radially outwards, and is
wider than the aperture 2a. The dimensigns of the aperture 2a, the pipe 1,
10and the apex 7w of the drift 7 are chosen in close tolerance with one
another, so that the passage of the drift 7 swages the outer diameter of
the neck in of the pipe 1 securely to the surface S. The drill stem 5 is
optiontiysedrineetdchyaitine shilhgsotorasiielraveassson ahesEptindSsothat

trans'asﬁammaﬁmﬁ%rbm% mQFQﬁtf]alasqgt ‘ih?r@rmrﬁﬁ%ﬁa‘é’@%f‘tﬂéepﬂfé'

stem 5 is pressed upwards against the lower end of the motor 4, but when

the il Blt'EE9Bt LigoHtsREATTID AP BEFRIGREESHiftiABY YEwads 1 the
drill stgmingintdeheglbmoimtjeanol lddk fhealtidt draptieeveipe Thus:, wwvirgsoitie

2PeX E’ FH‘r 516 ﬁ’ie”é g&ﬁgﬁg‘ Eme@f??h% s%%é@% f8s 2 and 3,

substantl orce retaini | stem 5 on the moto 4 and the drift

7, the\’@tléﬁ'i‘%cﬁwd)t‘h‘é it diRsT0 BreReaBEr2nanst the HBtoeAk ARl

into theagifdclolie trubé thahRpinbWee @istontde sips De retracted in the
cylinder 3 in order to remove the drill motor 4 from the bore of the pipe 1,

because the pipe 1 is by now securely fastened to the structure S by
25meadthefitndraviageladeied sesknuesTpidshiy ik eisidde dgwewats. the

1cm0toru4%?ha@ae 52% Web@ﬁéhﬁn\gamdwmiﬁtbiﬂqwﬁa@mteﬁﬁﬁw gﬂ@glh the

removanile can over rf ace WI ydraulic
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19 aperture 2a into the bore of the pipe 1, through the open valve, and
into tHBErGRASF KSR ﬂor"‘fJ%'EB\P%ﬂP"I‘f%%Bg ﬁ%%odvjms ki étiéfﬂ‘aeg%de
19late e sanatareedn in place with 5the magnets M and the circlips
securing the assembly to the structure S.
The lower end of the pipe 1 has a neck 1n. The neck 1n comprises a lip
that protrudes radially inwards around the inner circumference of the bore
of the pipe 1, at the lowermost end of the pipe that is protruding beyond
20 the lower surface of the structure S, so that the lip clears the lower surface
of the structure S. The lip typically comprises a continuous or
discontinuous line of solder or weld, laid onto the inner surface of the pipe
1, adjacent its opening. The lip extends inwards by a predetermined
distance that has an internal diameter that is wider than the external
25 diameter of the head 7h of the drift, but narrower than the apex 7w. This
permits the head 7h to pass through the inwardly extending lip without
deforming it, but since the apex 7w of the drift 7 is wider than the internal
diameter of the circumferential lip, it is eventually driven into engagement
with the lip by the continued downward force exerted by the cylinder 3. At

30 this point of engagement, the apparatus is substantially in the



In some embodiments, the shear pins or seals between the drift 7 and the
pipe 1, and the circlip between the flange if and the guide tube 2t are
optional, and can be omitted, with the apex 7w of the drift 7 being a friction
fit within the bore of the pipe 1, and the flange if likewise being a friction fit
10within the bore of the guide tube 2t. In such embodiments, once the
neck of the pipe 1 is fully swaged to the structure, the drift 7, drill stem 5
and drill bit 6 have been dropped into thg gtructure S, and the motor 4 has
been retracted above the closed valve, the magnets M can be removed,
leaving the swage at the neck of the pipe 1 as the only structural
15connection between the pipe 1 and the structure S. Figure 7 shows an
alterneniviey dessiom shfoavifinHetuics 13 didiihytlesx pacte pker toeftthe eshiita 7 codl itiey
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configuration shown in figure 7b. As shown in figure 8, 20an alternative
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surfacemfrinedduft énappdied tioobe treagdintires gepacatehe\dipekival Spheelrift
ing f itting, force ' [ (I meot , -
Sherono LA IS PGS B e R R St R

stem BAseSRBWAIHTGHES tharme el HiheP il amsBeneraINoHER A
25an jxfieg ytisayal dohether) shapsyintpsdesdo iInsrasepatinghprassure
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17h, a central bore with inward (or upward) facing bearings to bear
against the drill stem 5, and an arrangement of radially sprung shear pins

17s. TRE drkSIoMsSsigieaiRnfl e Rt ihsett bR dRev @Y T¢RgE Of @
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Conn%@?tﬁ?ﬁﬁf?s}éﬁsﬁg%\?&&d upwards against the lower end of the
motor 4, but when the drill bit 6 is not supported from below, the spline 5s
does not retain the drill stem 5 on the drill motor, and it is free to drop
away. Thus, when the apex 7w passes the lip at the neck 1n of the pipe 1,

20 there is substantially no force retaining the drill stem 5 on the motor 4, and

the drift 7, the stem 5 and the bit 6 drop out of the lower end of the motor 4

and fall into the structure S. At that point, the piston 3p can be retracted in

the cylinder 3 in order to remove the drill motor 4 from the bore of the pipe

1, because the pipe 1 is by now securely fastened to the structure S by

25 means of the swage at the neck 1n. Typically the cylinder 3 retracts the

motor 4 above the level of the valve, which is then closed, after which the

removable cap C can be recovered to surface along with the hydraulic
cylinder 3 and motor 4, to be prepared for the next job. The upper seat of
the valve housing V can then be connected to a further fluid conduit for

30 removal of fluids from the structure, which can then flow up through the



10figure 12, having a neck lin with a lip ill that protrudes radially inwards
into the bore of the sleeve 11. The sleeve 11 also has a shoulder 11s that
extends radially outwards from its outer surface. Sleeve 11 also has a
circumferential slot 11c to receive the shear pins 17s on the drift 17.
15Figure 13 is a separate view of the drift 17 engaging the upper surface
of a drill bit 6. The drift 17 is held stationary within the pipe 1 as the bit 6
rotates underneath it. Figure 14 shows ajpalternative design of drift having
a step in the head 20adapted to engage with the inner surface of the
sleeve, and to push it axially downwards within the pipe 1 before the apex
of the modified drift starts to expand the neck. After swaging of the pipe 1
and repetakdaiaiiedacbef 2ianie dider@ ptatederinvalyeaand into

embo@mﬂ}%rt@&q%@@a@g&{;@“}. has the configuration shown in figure
15, with the neck in of the pipe 1 being swaged outwardly by the

downward movement of the drift 7. 21 central bore containing a hydraulic
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through the surface S. The diameter of 15the hole cut b bit 16 is
sufficlERY 9 JRFritaREs 2t BERKCHBSPIRE dras the only kit

15 connection between the pipe 1 and the structure S.

Figure 7 shows an alternative design of drift that is radially expandable
between a radially expanded configuration shown in figure 7a, and a
radially retracted configuration shown in figure 7b. As shown in figure 8,
20 an alternative design of drift can have a bearing race housed in slots in the
upper surface of the drift in order to bear against a separate cylindrical
spacer ring for transmitting force from the piston 3p via the drill motor 4,
and thereby isolating the drift 7 from torque applied by the motor 4 to the
drill stem 5. As shown in figure 9, the head of the drift can optionally have
25 an irregular oval (or other) shape in order to increase cutting pressure at
particular rotational positions on the drift, and reduce the force required
from the cylinder 3 in order to push the drift through the neck of the pipe 1.
Figure 10 shows a further design of drift similar to the drift described in

figures 1 to 4, but omitting the shear pins at the apex. Bearings can



the sleeve 11, and the lower surface of the motor 14 drives the drift 17
down until it engages the upper surface of the sleeve 11 at the apex 17w
of the drift 17, to push the sleeve 11 down the bore of the flanged pipe 10
and through the hole cut by the bit 16. In certain embodiments, the figure
20 14 embodiment of the drift can be used so that the square lip on the
lower end of the head makes a more positive initial contact with the upper
edge of the sleeve 11. The drift 17 thus pgshes the sleeve 11 down
through the hole cut through 25the surface S until the shoulder 11s on the
outer surface of the sleeve 11 engages the upper surface of the structure
S. The shoulder 11s has a larger diameter than the hole, and cannot pass
throughtioredfinehesasiadnsibr sibth@igiztarppSpadddsvastand vé theebsikeeve
any fqﬁ%%hb(%%gﬁggyg]g@ grift 17 axially downwards through the inner
bore of the 30sleeve 11, thereby expanding it radially outwards. At some
point along 22 this travel, the shear pins 17s on the outer surface of the
drift 1Figurgage waith it thieocira unotéfiedtersiurgol dafomzinevimoes sidéaepet
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as additional fastening means for the flanged pipe 10. In certain
embodiments similar to figure 16, a circlip or other securing
15 Figure 13 is a separate view of the drift 17 engaging the upper surface of a

drill bit 6. The drift 17 is held stationary within the pipe 1 as the bit 6
rotates underneath it.

Figure 14 shows an alternative design of drift having a step in the head
20 adapted to engage with the inner surface of the sleeve, and to push it
axially downwards within the pipe 1 before the apex of the modified drift

starts to expand the neck.

After swaging of the pipe 1 and removal of the guide tube 2t and guide
25 plate 2p in certain embodiments, the attached pipe 1 has the configuration
shown in figure 15, with the neck 1n of the pipe 1 being swaged outwardly

by the downward movement of the drift 7.

Figure 16 shows a further embodiment using the modified drift 17 and

30 sleeve 11. The figure 16 embodiment secures a flanged pipe 10 having a



20means can be used in order to fasten the sleeve 11 to the inner surface
of the bore of the flanged pipe 10, and o-rings can optionally be provided
in order to provide fluid seals between the sleeve 11 and the pipe 10. A
further embodiment of apparatus for connecting a pipe 21 is shown in
25figures 17 and 18, with an attached pipe being shown according to this
method in figure 19. 23 In the figure 17 embodiment, a guide tube 22t is
provided with a flange 22p held onto a sgiface S temporarily by magnets
M as previously described. The bore of the guide tube 22t is straight,
having no lip at its lower end, so that a flange 21f of a pipe 21 to be
attached to the structure 5S is pressed directly onto the outer surface of
the steaotuabsrecosttimigpiehigdcaitlid hyindedifi@digntopidimeb3mtma valve

housipgUafafta SRAGHIFRPHEYIQURIY dERFiBadd LNGIR IR 5M anrotor

24 driving a drive shaft 25 and a hydraulic cylinder 23 driving a piston 23p.
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drill bit 16. When the pipe 10 is to be secured to the structure S, the motor
14 is actuated to rotate the bit 16 as previously described, and the piston
13p is extended to drive the bit 16 through the surface S. The diameter of

15 the hole cut by the bit 16 is sufficient to permit passage of the head 11n of
the sleeve 11, and the lower surface of the motor 14 drives the drift 17
down until it engages the upper surface of the sleeve 11 at the apex 17w
of the drift 17, to push the sleeve 11 down the bore of the flanged pipe 10
and through the hole cut by the bit 16. In certain embodiments, the figure

20 14 embodiment of the drift can be used so that the square lip on the lower
end of the head makes a more positive initial contact with the upper edge

of the sleeve 11.

The drift 17 thus pushes the sleeve 11 down through the hole cut through
25 the surface S until the shoulder 11s on the outer surface of the sleeve 11
engages the upper surface of the structure S. The shoulder 11s has a
larger diameter than the hole, and cannot pass through it, so further
extension of the piston 13p does not move the sleeve any further, but
does drive the drift 17 axially downwards through the inner bore of the

30 sleeve 11, thereby expanding it radially outwards. At some point along



cylinder 23, the pipe 21, and the drift 27, before engaging with the drill bit
2026. In operation, the figure 17 and 18 embodiment is assembled and
fed into the guide tube 22t, the valve housing V and the spacer P with the
valve being open, and the cap C is secured to lock the assembly onto the
upper 25face of the spacer P. The motor 24 is then engaged to drive the
drill stem 25 and rotate the bit 26 in order to cut a hole through the face of
the structure S. The hydraulic piston 23pgan be initially set midway
through the cylinder 23, in order to drive the downward movement of the
drill bit 26 through the face of the structure S, and the reaction force
required for this 30can be held by the magnets M securing the flange 22p
to thetlsstictvek Be She@ntesthésdyifttld euidrthefdad bittRé dvdvé/aehgaysed
througly iRl UrtiRrE B aNpRR U ORNE RN Gl adapaveldRe Rige 21

engages the upper surface of the structure S, because it is narrower than
the hol r&'ﬁ’@’tﬁ?ﬁﬁ\'égdﬂﬁ Bﬂfby}ﬁ@?ﬁsslf@é’ﬁ&ﬁ the neck 21n of the pipe 21

protrudes axially 5 below the lower surface of the structure S After this
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is pulled upwards to swage the neck 21n of the pipe 21, and thereby

15connect it securely to the structure S. Optionally, the dimensions of the
drift 2&{teh¢haatkt2Trhanpakecdalenipteeghtiieugirictuse sy entidet logrthizop
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In certain embodiments similar to figure 16, a circlip or other securing
20 means can be used in order to fasten the sleeve 11 to the inner surface of
the bore of the flanged pipe 10, and o-rings can optionally be provided in

order to provide fluid seals between the sleeve 11 and the pipe 10.

A further embodiment of apparatus for connecting a pipe 21 is shown in
25 figures 17 and 18, with an attached pipe being shown according to this

method in figure 19.



25drop into the structure. The magnets M may then be removed, and the
hydraulic cylinder retracted into the spacer P in order to allow closure of
the valve. Alternatively, the magnets M can remain as additional
anchoring components for the guide tube 22t which can remain in place
after the hydraulic cylinder 23 and motor 24 have been recovered to
30surface for another job. Alternatively, the valve can be used to allow 25
controlled attachment of a further condugo the pipe 21, and removal of
the entire assembly to leave only the pipe 21 attached to the structure S
by means of the swage at the neck 21n as shown in figure 19. 5This
embodiment is particularly suitable for the attachment of pipes for injection
of fluithsthfe figianigglerfdroijpetibra glistntpre K& dsgiranide theittraifangein

orderégdw@aeonte Qiheneise ﬂgmﬁcﬁahwwwg%& M as DralTHRS

diment of 3pparatus for connecting a pipe 31 is shown in 1 flgures
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the apex 27w of the drift 27, which is wider than the bore of the pipe 21 in
the region of the neck 21n, being arranged below and outside the pipe 21.
15 The hydraulic cylinder 23 operates to pull the drift 27 upwards through the
bore of the pipe 21 once the cap C has been secured onto the upper face
of the spacer P, and the motor 24 arranged above the cap C operates the
bit 26 through an elongate shaft 25 that passes through the hydraulic
cylinder 23, the pipe 21, and the drift 27, before engaging with the drill bit
20 26.

In operation, the figure 17 and 18 embodiment is assembled and fed into
the guide tube 22t, the valve housing V and the spacer P with the valve
being open, and the cap C is secured to lock the assembly onto the upper
25 face of the spacer P. The motor 24 is then engaged to drive the drill stem
25 and rotate the bit 26 in order to cut a hole through the face of the
structure S. The hydraulic piston 23p can be initially set midway through
the cylinder 23, in order to drive the downward movement of the drill bit 26
through the face of the structure S, and the reaction force required for this

30 can be held by the magnets M securing the flange 22p to the structure S.



25and pointing upwards, and the apex 37w of the drift 37, which is wider
than the bore of the pipe 31 in the region of the neck 31n, being arranged
below and outside the pipe 31. The hydraulic cylinder 33 operates to pull
the drift 37 upwards through the bore of the pipe 31 once the cap C has
been secured onto the upper face of the spacer P, and the motor 34
30arranged above the cap C operates the bit 36 through an elongate shaft
26 35 that passes through the hydraulic gylinder 33, the pipe 31, and the
drift 37, before engaging with the drill bit 36. In operation, the figure 20
embodiment is assembled and fed into the 5 guide tube 32t, the valve
housing V and the spacer P with the valve being open, and the cap C is
secur@dde loekitifte?d ssehtitdydohiyttie happerdeaecef theogphdbe Brdiere
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engages with the lower surface of the neck 31n, and deforms the neck
raclialty BURPANIES WRIAIERIR SHESR MR ek COr et RISy 2 ARAAPRIEDY
122537wasnectiedeqnayds thessvageithesneck 31n of the pipe 31, and
thereby connect it securely to the structure S.

Optionally, the dimensions of the drift 27, the neck 21n and the hole

through the structure S made by the drill bit 26 can be chosen so that the

drift 27 can pass upwards all the way through the neck 21n and be
20 recovered through the central bore of the pipe 21 after swaging of the
neck 21n (with or without an inner lip) is complete. Alternatively, after the
neck 21n has been swaged to a satisfactory extent to secure the pipe 21
to the structure S, the drift 27, drill stem 25 and drill bit 26 can be released
from the motor 24 by splines in the manner previously described, and can
25 drop into the structure. The magnets M may then be removed, and the
hydraulic cylinder retracted into the spacer P in order to allow closure of
the valve. Alternatively, the magnets M can remain as additional
anchoring components for the guide tube 22t which can remain in place
after the hydraulic cylinder 23 and motor 24 have been recovered to

30 surface for another job. Alternatively, the valve can be used to allow



Optionally, the dimensions of the drift 37, the neck 31n and the hole
through the structure S made by the drill bit 36 can be chosen so that the
30drift 37 can pass upwards all the way through the neck 31n and be 27
recovered through the central bore of the pipe Si after swaging of the neck
31n (with or without an inner lip) is complete. Alternatively, after the neck
31n has been swaged to a satisfactory extent to secure the pipe Si to the
structure S, the drift 37, drill stem 35 angdrill bit 36 can be released 5from
the motor 34 by splines in the manner previously described, and can drop
into the structure as shown in Fig 22. The magnets M may then be
removed, and the hydraulic cylinder retracted into the spacer P in order to
allow cdototie battashrabrd oA idontigvelyndbi tndyneiteM lcandaamadva of
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10place after the hydraulic cylinder 33 and motor 34 have been recovered
to sur?é(d@%?%ﬂfo%?weﬁgt% PEFE RGN ORI BGYFR 1t drill stem.

Fig 23 shows a solid drill stem that is not adapted to permit dropping of

he drfinio s SIS BadREIG RASRONS AriRcifet siem 1t phishdpe

ead of the stem Is con ecte tothe t by a thread that is adapte

disenfRfEIPRChibdesai B BRI QUHERCHRD M&BW@?@%‘FS@H'”F?QE‘?B
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thread suitable, optionally using a ball thread. Figs 26 and 27 show

sequential views of the operation and 20separation of a sacrificial drill
stem,AnstnitaneiaRediat podheadpiabis fies toneecting ehripks Hdgseema in
1datigugganst fadl wehen subjected to high torque by the motor, and to
separate allowing the drift to drop with the lower part of the stem into the
structure. 25Figure 30 shows a further modified embodiment used for
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for accommodating a drill assembly within the bore of the pipe 40. In this
embofFfEREdnd Ry RaIRS H%‘ﬁbl‘ 4488 ARG BrALISI RV £ vith

15 an aperture to accept the drill bit 36. A flange 31f of a pipe 31 to be
attached to the structure S is contoured to fit within the aperture and to
engage an upper portion of the flange profile directly onto the outer
surface of the lip. The fig 20 embodiment has a valve housing V and a
spacer P as previously described. There is also a motor 34 driving a drive

20 shaft 35 and a hydraulic cylinder 33 driving a piston 33p. Like the
previous embodiment, in the modified embodiment of figure 20, a drift 37
is loaded into the apparatus above the drill bit 36 but below the neck 31n
of the pipe 31, with the head 37h of the drift 37, which is narrower than the
inner bore of the pipe 31, being arranged inside the bore of the pipe 31

25 and pointing upwards, and the apex 37w of the drift 37, which is wider
than the bore of the pipe 31 in the region of the neck 31n, being arranged
below and outside the pipe 31. The hydraulic cylinder 33 operates to pull
the drift 37 upwards through the bore of the pipe 31 once the cap C has
been secured onto the upper face of the spacer P, and the motor 34

30 arranged above the cap C operates the bit 36 through an elongate shaft



30connected to the pipe and engages the drill stem 45 by means of a
thrust 28 bearing. The drill motor 44 is located above the thrust bearing. A
sleeve 41 connected to the pipe 40 by means of a circlip 49 is provided at
the lower end of the bore of the pipe 40 adjacent to the structure S, and in
its initial position, the sleeve 41 and the drill bit 46 below it are withdrawn,
by 5 means of the hydraulic cylinder 43 acting on the thrust bearing,
within the bore of the pipe 40 while the flagge of the pipe is being
connected to the outer face of the structure S. In that upper position where
the sleeve 41 is withdrawn within the bore of the pipe 40, the circlip 49 is
pressed into the annular groove on the outer surface of the sleeve 41,
permidBrihahpasiees/darb0gh theshyldy drdielgwiitteén 3B ethe repef 3heapiph ehd lrift
Whe@m%é@;@gr@a@ﬁw%%ig,ﬂi@pggq to the outer surface of the
structure S by means of the magnets M, the motor 44 is started in order to
rotate the drill bit 46, and the hydraulic cylinder 43 is actuated in order to
drive thepbittgiemhéTigsieecre ¢hbadichtne idris denddeadanltyfelbintonbeds in
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20 31n of the pipe 31. Although the head 37h of the drift 37 is narrower than
the inner diameter of the neck 31n, the continued movement of the drift 37
into the neck 31n reaches a point at which the outer surface of the drift 37
engages with the lower surface of the neck 31n, and deforms the neck
radially outwards. Eventually the widest part of the drift 37 at the apex
25 37w is pulled upwards to swage the neck 31n of the pipe 31, and thereby

connect it securely to the structure S.

Optionally, the dimensions of the drift 37, the neck 31n and the hole
through the structure S made by the drill bit 36 can be chosen so that the
30 drift 37 can pass upwards all the way through the neck 31n and be



When the outer shoulders on the sleeve 41 are engaging the outer
surface of the structure S, the circlip 49 is axially aligned with an annular
groove on the inside surface of the pipe 40, so that when the sleeve 41
reaches this axial position, in the bore of the pipe 40, the circlip 49
expands into the 10annular groove, locking the sleeve 41 to the pipe 40.
Further downward movement of the hydraulic cylinder 43 does not move
the sleeve 41, but does drive the drift 47Jpto the bore of the sleeve 41,
and at the point shown in figure 30, a pair of shear pins 47p that are
15biased by springs and radial bores of the drift 47 engage an annular
groove on the inside surface of the bore of the sleeve 41, thereby locking
the drificaveredrbreleghvthe tedtahi onththpibs dilasfier sylingleg 48tben be

furth%&ﬁ@@ﬁ?ﬁim SR ReATHER: 1S RIBSe:anArkMadng,daftet £Rl
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circlip 49 maintains echanical connection een the sleeve 41
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way connection on the lower end of the drill stem45. The mechanica
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Fig 23-29 show different designs of drill stem. Fig 23 shows a solid drill
stem that is not adapted to permit dropping of the drift into the structure.

15 Fig 24 shows a modified stem in which the head of the stem is connected
to the shaft by a thread that is adapted to disengage the head and the
shaft when the motor is reversed. Figs 28 and 29 show close-up views of
different embodiments of the head and thread suitable, optionally using a
ball thread. Figs 26 and 27 show sequential views of the operation and

20 separation of a sacrificial drill stem, with a weakened point adjacent its
lower end that is adapted to fatigue and fail when subjected to high torque
by the motor, and to separate allowing the drift to drop with the lower part

of the stem into the structure.

25 Figure 30 shows a further modified embodiment used for connecting a
small diameter pipe 40 to a structure S. This is particularly suitable for
narrow pipes of, for example, 2-inch bore, that are unsuitable for
accommodating a drill assembly within the bore of the pipe 40. In this
embodiment, the hydraulic cylinder 43 is arranged on a side bracket

30 connected to the pipe and engages the drill stem 45 by means of a thrust



between the sleeve 41 and the pipe 40 (and in other embodiments) in
order to restrain the flow of fluids if desired. In certain variations of this
embodiment, the magnets M can remain to provide additional mechanical
connection between the pipe 1 and the structure S. 10 Figure 31 shows a
further embodiment where a large bore pipe 51 is to be connected to a
structure S. The large bore pipe 51 has a flange that is apertured to
receive two magnets M. The magnets Mxgupport hydraulic cylinders 58
that bear on the upper surface of the flange and allow axial 15force to be
applied to move the pipe 51 towards and away from the surface S.
Hydraulic cylinder 53 mounted on a cap C as previously described is
providediinghd beibiEie 44 jsdndatech nbors theathrifst3edyngedrsiceia
aril sterimeeaiRslspriers B e RelonaR AioE AAilkhLDHES
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surface of'the structure S, and the neck 51n of the p E‘?j 51 protrudes from

the inFlEPYEiAhcRNGFRcel} HO& PP AN RYIMRIAS S iiRIBPESLELE iPe 40,
13ctuatedhatahdditadlove thealglittbe dareuginfiue nédieStnatithsSpipe the

there*&%cﬁﬁ@' % ISy Q@hlﬂt%@&dﬁ‘u@% %‘dfrr?\ Bd?éar ESHEC%& the

and swag e nec 51n to the structure e nec

been §8ﬂ¥%{é’c@ﬂ?§? slparRdtdstHessinRideendatimavishin &erﬁ%s efriheiFiRS 7
can begallgweoh t«heirgarbtumctbﬁtﬁtrémeri@ byt@tiwtgmﬁmenb@fu@rsmmrm
e A A s U Y o
205, structure S, the head 47h of the drlft extends a short way |nto the bore of
the sleeve 41, and when the tapered sides of the head 47h engage the
inner edge of the rim of the bore of the sleeve 41, the drift 47 starts to
move the sleeve 41 axially down the bore of the pipe 40. The downward
movement driven by the hydraulic cylinder 43 eventually pushes the drill
25 bit 46 through the structure S, and the head 47h of the drift 47 pushes the
lower part of the sleeve 41 with the reduced diameter into the hole made
by the drill bit 46. When the shoulder on the outer surface of the sleeve 41
is pressed against the outer surface of the structure, the sleeve 41 is
prevented from further movement down the bore of the pipe 1. At this

30 stage, the sleeve 41 is in the position shown in figure 30, with the neck



15 In optional variations of this embodiment, the piston 53p and typically
the motor 54 can be splined to the casing for the cylinder 53. Also
bearings can typically be provided between the drift 57 and the drill stem
55. 20Figure 33 shows an arrangement for a typical hydraulic cylinder 63.
Typically, a GyrotorTM motor 64 is bolted to the lower surface of a piston
63p, and is optionally splined to the cylinder 63 in order to prevent relative
rotation between the motor 64 and the casing of the cylinder 63. Hydraulic
hoses can be routed through the upper potion of the cylinder 63 in order to
25power the motor 64, and suitable ports can be provided through the
piston 63p for this purpose. Referring now to Figs 34- 48, a seventh
emboéilimehthe paevewddriyatsafuig oatttehimpastoiadaivtdne struciureeS.

having JWpesHas AT OMIRE HEBURLIBYRS ﬁé‘s%ﬁ%ﬁ?ﬂ‘éﬁ"b@tr%&é’%ﬂéd‘&l‘ﬂ/ Si,

and an inner skin, such as an oil tank 32 S2, which is spaced from the
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5around 1m, but it is not a constant factor In the figure 34 view, the conduit
comprises a cylindrical pipe 71 having an 5external flange 71f that is
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Further downward movement of the hydraulic cylinder 43 does not move
the sleeve 41, but does drive the drift 47 into the bore of the sleeve 41,
and at the point shown in figure 30, a pair of shear pins 47p that are

15 biased by springs and radial bores of the drift 47 engage an annular
groove on the inside surface of the bore of the sleeve 41, thereby locking
the drift 47 to the sleeve 41.

At this point, the hydraulic cylinder 43 can be further extended in order to

20 shear the pins 47p and drive the drift 47 all the way through the inner bore
of the sleeve 41. Once the apex 47w of the drift 47 passes through the
neck 41n of the sleeve 41, the lip at the neck 41n is pressed out radially to
deform the neck 41n below the inner face of the structure S, thereby
swaging the sleeve 41 to the structure S. The circlip 49 maintains the

25 mechanical connection between the sleeve 41 and the pipe 40, and at that
stage, the magnets M, the motor 44, the hydraulic cylinder 43, and the drill
stem 45 can be removed as previously described, leaving the drift 47 and
the bit 46 to drop from a splined one way connection on the lower end of

the drill stem 45. The mechanical connection between the pipe 40 and the



The pipe 71 is a tight fit within the bore of the guide tube 72t as before, 15
and has a very slightly smaller diameter than the bore of the guide tube
72t, in which it is axially slidable as before. The pipe is sealed within the
bore of the guide tube 72t by the seals at 72s. The pipe 71 incorporates a
valve housing V, typically attached to a lower 20section of the pipe 71 via
the flange 71f. The upper end of the pipe 71 has a coaxial upper section
71u, which carries a hydraulic cylinder 73gwith a piston 73p to which is
connected a rotary motor 74 that rotates a drill stem 75. A Y-piece 71y
(not shown for clarity in Figs 42-45, but shown in Fig 46 and 47) branches
at an angle from the upper section 71u and serves in 25use as a conduit
to recstvesttine $lisdbanheaintene byrthéssargedatbts o sfrietisiec8d AR.
The cylipges Zi%l’%‘%he drill stem 75 extend through the bore of the pipe
71 and the guide tube 72t, and the drill stem 75 is connected at its lower
end to a rotary drill bit 76 that is suitable for cutting a circular hole through
the stmmwcm%eTrhmedppertpemiwar?ﬁximmﬂmeampmﬁ@%l iahbMeaﬂmEa\rqu}mre

douseaibsyfiing AR %3@8#&1&% X\HE@ R beh arge pted to

pass throug e aperture the guide plate 72 iameter
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means. of releasable 1000§nectors etween the rods 82 and the brid
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embo iments the rods 82 can be welded to th e ate 72. The frame
stabﬂ@é’é‘%ésaﬁlmfélb?ér%he upper surface of he flange and allow axial

15 force to be applied to move the pipe 51 towards and away from the
surface S. Hydraulic cylinder 53 mounted on a cap C as previously
described is provided in the bore of pipe 51, and connects to a drift 57 by
means of a drill stem 55 as previously described. Below the drift 57, a drill
bit 56 is rotated by the drill stem 55 connected to a motor 54 below the

20 hydraulic cylinder 53 in order to cut a hole through the structure S to

receive the neck 51n of pipe 51.

In the embodiment of figs 31 and 32, the motor 54 is activated to rotate the
drill bit 56. The downward force for the cutting action is optionally

25 provided by the hydraulic cylinders 58 acting between the magnets M and
the flange of the pipe 51, so that the drill bit 56 is forced through the
structure S to cut the access hole for the neck 51n of the pipe 51.
Optionally, some of the driving force for axial movement of the drill bit 56
can also be provided by the hydraulic cylinder 53, provided that the drift 57

30 is not driven through the neck 51n until after the neck 51n has cleared the



15secures it to the guide plate 72 and/or to the hull Si during drilling of the
holes. Optionally the lower end of the pipe 71 has an annular groove (see
Fig 48) on its outer surface housing a spring clip 86 (or circlip or spring
20wedges) which is energised outwards, and can be held in compression
in the annular groove so as to be flush with the outer surface of the pipe
71. During assembly, the hydraulic cylinder 73 with the attached motor 74,
drill stem 75 and drift 77 are connected tggether, and the top of the
cylinder 73 25is attached to the bridge 83, and the cylinder 73 with all of
the attachments is then offered to the top of the inner bore of the upper
pipe section 71u, so that the drift 77 passes down through the inner bore
of thelpiye fAteanicthhstrods 82 alsstiesyantbedonsitie tietihier gspristing3be

The S&ﬁiﬂﬂt@@tﬁﬁ)ﬁ%t%_%ﬁ%t% @%Ilqgé'b?%mek;@dMyiﬁléag@%al cylinders

compressed before the pipe 71 is offered to the bore of the guide tube 72t,
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upper surface of the gui ate /2. Before the unit is deployed, the dri
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therefgyerbgicasaives Batbim ibe boheitedim offese o tarihetieverites kol
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b R A e R
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1@ssemibyp e HHRDBEH saptieheml QFhgedrit thé ofrtor Al stem
S, thgriﬂgitte%aESbgngecPrlg%e?déa%nge allowed to drop into the structure by

disengagement of a spline between the drill stem 55 and the motor 54,
and the entire assembly can be recovered to surface, leaving only the pipe
51 swaged to the structure S.

15
In optional variations of this embodiment, the piston 53p and typically the
motor 54 can be splined to the casing for the cylinder 53. Also bearings

can typically be provided between the drift 57 and the drill stem 55.

20 Figure 33 shows an arrangement for a typical hydraulic cylinder 63.
Typically, a Gyrotor™ motor 64 is bolted to the lower surface of a piston
63p, and is optionally splined to the cylinder 63 in order to prevent relative
rotation between the motor 64 and the casing of the cylinder 63. Hydraulic
hoses can be routed through the upper potion of the cylinder 63 in order to

25 power the motor 64, and suitable ports can be provided through the piston

63p for this purpose.

Referring now to Figs 34- 48, a seventh embodiment is particularly useful
for attaching a conduit to a structure having two skins, an outer skin, such

30 as an outer wall of a ship’s hull S1, and an inner skin, such as an oil tank



15the guide plate 72 temporarily attached to the outer hull Si, for example
by means of magnets as previously described. At this stage, the assembly
is now in the configuration shown in Figure 42, with the drill bit 76
disposed within the guide tube 72t, between the lower end of the pipe 71,
and the outer surface of the hull Si. The drill bit 76 can be retained on
20the end of the expander in a releasable manner, as previously
described for earlier embodiments. The gads 82 form part of a locking
mechanism, to stabilise the hydraulic cylinder 73 on the guide plate 72,
and to secure it there during swaging of 25at least the inner hull S2. As
best shown in Fig 39, the rods 82 pass through axial bores acting as pivot
pointsSanvinar iarsns @4, frenictheapeiteo honb Gédaratyethieh aotkaisdpp disite
ends fyga sialliy kel cy iz Bl the Sxdensionsbmclhsenaichiae

arms 84 around the rods 82. The lever arms 84 are pivotally restrained on
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aroundeiseteds 82, and a locked configuration shown in Figs 39 and 40,
1an which the small hydraulic cylinder 85 is retracted, and the free ends of
the lever arms 84 mave towards one 10 another arou l}dhthe lvot nts
of the VLS PR AR GUILR SIFich AR PRHR A RRLR RRE b drms,
whichcpreeehtistoitbmstrontustidddgaacti&Ry with respect to the rods 82. The
mechanism for the locking of the arms is conventional and cams or
captive ball bearings in the arms 82 runnln in wedge- shaé)ed recesses
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The pipe 71 incorporates a valve housing V, typically attached to a lower
20 section of the pipe 71 via the flange 71f. The upper end of the pipe 71 has
a coaxial upper section 71u, which carries a hydraulic cylinder 73 with a
piston 73p to which is connected a rotary motor 74 that rotates a drill stem
75. A Y-piece 71y (not shown for clarity in Figs 42-45, but shown in Fig
46 and 47) branches at an angle from the upper section 71u and serves in
25 use as a conduit to recover the fluids when the pipe 71 is attached to the
structure S1/S2. The cylinder 73 and the drill stem 75 extend through the
bore of the pipe 71 and the guide tube 72t, and the drill stem 75 is
connected at its lower end to a rotary drill bit 76 that is suitable for cutting
a circular hole through the structure S. The upper portion 71u of the pipe
30 71 above the Y-piece houses the drilling mechanism. The bit 76 fits within



through the outer hull Si. As the rods 82 are secured onto the guide plate
and via that to the outer hull Si, the lever arms 84 freely slide down the
rods 82 as long as the small hydraulic piston 85 is extended in the
unlocked configuration shown in Fig 41. Typically the drill bit 76 is
25retained on the drill stem 75, optionally by a reverse thread or a ball
thread, which retains the bit 76 during normal clockwise rotation of the
motor 74. 36 During penetration of the gyger hull Si, the drift 77 is not
moved axially through the pipe 71, but instead moves together with the
whole assembly, so the pipe 71 is not swaged to the outer hull Si. 50nce
the bottom of the pipe 71 has passed through the guide tube 72t and the
outer dndliS antaptdid v pabHEwegh the dnditus aiideSg)idecpbip datst isas

the confish el ST R BB DTSRGS e
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to closely match the external diameter of the pipe 71, so that the lower
end of the pipe 71 is a 15close fit within the hole that is drilled through the

structurescin&et. Havvaysiioie drifthé/gisideopidtiven iaxiathawiign the pipe
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between the rods 82 and the plate 72. In some embodiments the rods 82
can be welded to the plate 72. The frame 81 stabilises the cylinder 73 and
15 secures it to the guide plate 72 and/or to the hull S1 during drilling of the

holes.

Optionally the lower end of the pipe 71 has an annular groove (see Fig
48) on its outer surface housing a spring clip 86 (or circlip or spring
20 wedges) which is energised outwards, and can be held in compression in

the annular groove so as to be flush with the outer surface of the pipe 71.

During assembly, the hydraulic cylinder 73 with the attached motor 74, drill
stem 75 and drift 77 are connected together, and the top of the cylinder 73

25 is attached to the bridge 83, and the cylinder 73 with all of the attachments
is then offered to the top of the inner bore of the upper pipe section 71u,
so that the drift 77 passes down through the inner bore of the pipe 71 and
the rods 82 pass down the outside of the pipe 71.



25through the inner hull S2 continues until the radially energised spring
clip 86 (which has a larger diameter than the hole that has been cut in the
inner hull S2) bottoms out on the outer surface of the inner hull S2. At this
point (shown in Fig 44) the innermost end of the pipe 71 (and the neck
71n) extends below the inner end of the hole in the inner hull S2, and
30further axial movement of the pipe 71 within the guide tube 72tis 37
prevented by the spring clip 86 abutting ggainst the outer surface of the
inner hull 52. At this point the small hydraulic cylinder 85 is retracted to
axially lock the lever arms 84 onto the rods 82, thereby securing the
hydraulic cylinder 73 immovably to the guide plate 72 and the pipe 71. 5
OnceThe sprimy 84paB6 twckedbtdahsurtate 82 fh@ipglintierradidextended to
bush gL er heryafbg pow Satipaeey 8ife b BaGRL e GHins!
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Inner ﬂlrfac tf?é touet'er surface of the hull S1. The drill bit 76 can be retained on
20 the end of the expander in a releasable manner, as previously described

for earlier embodiments.

The rods 82 form part of a locking mechanism, to stabilise the hydraulic
cylinder 73 on the guide plate 72, and to secure it there during swaging of
25 at least the inner hull S2. As best shown in Fig 39, the rods 82 pass
through axial bores acting as pivot points on lever arms 84, which are
connected together at their opposite ends by a small hydraulic cylinder 85,
the extension of which can pivot the arms 84 around the rods 82. The
lever arms 84 are pivotally restrained on the rods and are held captive

30 against axial movement relative to the conduit typically by means of U-



30lip at the neck 71n of the pipe 71. The neck 71n of the pipe 71 is more
38 malleable than the drift 77, and continued force applied from the
cylinder 73 pushes the apex of the drift 77 down through the lip, causing it
to deform radially outwards until the drift 77 passes entirely through the
neck 71n of the pipe 71. After passage of the drift 77 through the neck 71n
of 5the pipe 71, the outer diameter of the neck 71n of the pipe 71 is flared
radially outwards, and is wider than the agerture in the inner hull S2, as
shown in Figs 46, 47 and 48. The dimensions of the aperture, the pipe 71,
and the apex of the drift 77 are chosen in close tolerance with one
another, so that the passage of the drift 77 swages the outer diameter of
10theshepkd/iracetsd pipehdtvsecuredetedtetherftanigel $RofTthe crilbistem
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wedge-shaped recesses will be sufficient.

15
The motor 74 is then actuated to drive the rotation of the drill stem 75 and
the drill bit 76. Once the drill bit 76 is rotating at the required cutting
speed, the piston 73p within the hydraulic cylinder 73 is extended to push
the whole assembly of the pipe 71, the piston 73p, the motor 74, the drift

20 77 and the bit 76 together axially down through the guide tube 72t to cut
through the outer hull S1. As the rods 82 are secured onto the guide
plate and via that to the outer hull S1, the lever arms 84 freely slide down
the rods 82 as long as the small hydraulic piston 85 is extended in the
unlocked configuration shown in Fig 41. Typically the drill bit 76 is

25 retained on the drill stem 75, optionally by a reverse thread or a ball
thread, which retains the bit 76 during normal clockwise rotation of the

motor 74.



30In the Fig 49 embodiment, the guide plate has at least three guide
tubes 39 92a and 92b, both of which have small diameters (e.g. 2 inch)
and 92c, which can be a large diameter tube. The small diameter guide
tubes can be as described for the Fig 30 embodiment, and can be used to
attach the guide plate to the outer hull Si, while the guide plate is attached
to the hull 5Si via magnets (not shown) as described earlier. The two
small bore tubes can seal the guide platggo the hull and prevent leaks
through it, as well as providing an anchoring mechanism for the guide
plate to the hull Si. Once the small bore tubes are attached to the guide
plate and swaged to the hull Si, the void between the hulls Si can be
pumpBdrmgt dédseisdicat off thierouigh hbik St alebdi® PrpesioOptuadihxiehe or
both g 15 AR ABS PIRER RARAPHSRE IR RRKPLRRIRTS D NESXBIfG,

heat up and fluidise the contents, which can be very useful in the event
that t58 REPPEMLIFRENIHIR INREAWEVYH Bls been emptied through

the small bore pipes the large bore pipe in the larger guide tube 92c can

e S"‘@H@Qtﬂ;%ﬁbﬁb%%?%@ﬁ%ﬁ?l"ﬂé@rﬁgg%‘? th &?tﬂgsg‘gi?ﬁ%%%fa d

seventh em Iment. Optionally a nu suchunits e attache
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the inRen mdl RAkandiehsdan hymgamrainarIrinthteegpreertain gBpes,
and circulated een different pipes to maintain fluidity, before bein
oo RS AR R G I e iR e G
improveifteisecadt. randhiterpoiatee v tiereéparexip ndiatialbcoywas

1dhe inyeRiilob@ 8xaRHNA ifhasaserih ambetimpaheaman trecliwith
variarzf of the rggéwaﬁgha ism that pull the drift 25 upwards through the

neck FARAKIEhShH! "it'Sownwards as described herein. In some
embodiments the rods can have a square cross section, and in others the

cross-BeCHOm GRBiRR SRRA NG AT Fanke SURPRISSSER RebngR on the

drill stem, and typically does not rotate relative to the neck when itis
exparfofiS ARG CYIEpAIRe thilFBite APedBVRIEI W RARD AP dilthi?
1% mbocduvsefitsyiiricheepantatadialijedubrtuge mafspadtioeses1, S2.

However, the drift 77 is not driven axially within the pipe until after the
penetration of the inner hull S2, so pipe 71 is free to move axially through

the hole in the outer hull S1, towards the inner hull S2.

20 When the pipe 71 reaches the inner hull S1, the drill bit 76 starts to cut
through the inner hull S1 and the pipe 71 moves axially as before through
the inner hull S2 to the stage shown in Fig 44, with the end of the pipe 71
with the neck 71n extending through the hole in the inner hull S2. The
downward movement of the assembly and the pipe 71 towards the

25 through the inner hull S2 continues until the radially energised spring clip
86 (which has a larger diameter than the hole that has been cut in the
inner hull S2) bottoms out on the outer surface of the inner hull S2. At this
point (shown in Fig 44) the innermost end of the pipe 71 (and the neck
71n) extends below the inner end of the hole in the inner hull S2, and

30 further axial movement of the pipe 71 within the guide tube 72t is



40 and contract radially when stationary, and such bits can therefore
have a resting diameter that can be accommodated within the pipe,
thereby allowing deployment and recovery of the drill bit through the pipe
without requiring the drill bit to drop into the tank after the cutting process.
510 15 20 25 41 Claims 1Apparatus for transfer of fluids to or from a
structure (S), the apparatus having: 5 a conduit (1, 11, 21, 31, 41, 51, 71)
having an internal passage with a neck (n, 11n, 21n, 31n, 41n, 51n, 71n)
a portion of the conduit (1, 11, 21, 31, 41, 51, 71) being adapted to be
received within a hole in the structure; 10an expander device (7, 17, 27,
37, 47,57, 77) adapted to be received

prevented by the spring clip 86 abutting against the outer surface of the

inner hull S2. At this point the small hydraulic cylinder 85 is retracted to
axially lock the lever arms 84 onto the rods 82, thereby securing the

hydraulic cylinder 73 immovably to the guide plate 72 and the pipe 71.

5
Once the arms 84 are locked to the rods 82, the cylinder 73 is extended to
push the drift 77 through the now stationary pipe 71. Because the cylinder
73 is now locked to the pipe, all the axial forces applied by extension of
the cylinder are taken by the pipe 71, and this prevents the guide plate 72t
10 from being forced off the outer hull S1 by a reaction force as the inner hull

S1is swaged. As the drift 77 moves axially down the pipe 71 it moves
through the neck 1n, which is similar in design and function to the necks of
the earlier pipes described above. The neck 71n comprises a lip that
protrudes radially inwards around the inner circumference of the bore of
15 the pipe 71, at the lowermost end of the pipe 71 that is protruding beyond
the lower surface of the inner hull S2, so that the lip clears the lower
surface of the inner hull S2. The lip typically comprises a continuous or
discontinuous line of solder or weld, laid onto the inner surface of the pipe
71, adjacent its opening, or alternatively it can be formed by a counterbore
20 of material cut from a single piece. The lip extends inwards by a
predetermined distance that has an internal diameter that is wider than the
external diameter of the head of the drift 77, but narrower than the apex.
This permits the head to pass through the inwardly extending lip without
deforming it, but since the apex of the drift 77 is wider than the internal
25 diameter of the circumferential lip, it is eventually driven into engagement
with the lip by the continued downward force exerted by the cylinder 73
relative to the now stationary pipe 71. At this point of engagement, the
apparatus is substantially in the configuration shown in figure 45, with the
widest part of the drift 77 at the apex pressing on the inner surface of the
30 lip at the neck 71n of the pipe 71. The neck 71n of the pipe 71 is more



within the internal passage of the conduit (1, 11, 21, 31, 41, 51, 71) and
having at least one portion that has a larger dimension than the neck (1n,
11n, 21n, 31n, 41n, 51n, 71n) of the internal passage; and a driving
mechanism (3, 13, 23, 33, 43, 53, 63, 73) adapted to drive 15the
expander device through the internal passage of the conduit, and to
expand the neck of the conduit, characterised in that: the apparatus has a
perforating mechanism comprising a drilggtem (5, 15, 25, 35, 45, 55, 65,
75); the expander device (7, 17, 27, 37, 47, 57, 77) is apertured to
allow 20passage of the drill stem; the perforating mechanism has a cutting
bit (6, 16, 26, 36, 46, 56, 76) adapted to form the hole in the structure S,
and; tnelatiegHsio (e 1826, 3GIA®NE6FG foisanappheddromtihe eylthdéthe

drill stegm, (IpdStHePaptk a7 7/@dwn through the lip, causing it to
deform radially outwards until the drift 77 passes entirely through the neck
71n of the pipe 71. After passage of the drift 77 through the neck 71n of

5 the pipe 71, the outer diameter of the neck 71n of the pipe 71 is flared
radially outwards, and is wider than the aperture in the inner hull S2, as
shown in Figs 46, 47 and 48. The dimensions of the aperture, the pipe 71,
and the apex of the drift 77 are chosen in close tolerance with one
another, so that the passage of the drift 77 swages the outer diameter of

10 the neck 71n of the pipe 71 securely to the inner hull S2.

The drill stem 75 is optionally releasably connected to the drill motor and
drill bit as previously described, so that the drill bit 76 can optionally drop
out of the lower end of the motor 74 and fall into the inner tank. At that

15 point, the piston 73p can be retracted in the cylinder 73 as shown in Fig
46, in order to remove the drill motor 74 from the lower bore of the pipe 71
below the Y piece 71y, the pipe 71 being now securely fastened to the
inner hull S2 by means of the swage at the neck 71n. Typically the

cylinder 73 retracts the motor above the level of the valve V, which is then

20 closed.

In some embodiments the guide plate can be held to the structure with
magnets or other temporary attachment mechanisms and the forces on
the hydraulic cylinder transmitted to the guide plate through the frame 81
25 and the locking devices on the lever arms 84, but in some cases, the
locking devices can be omitted, and one or more small bore pipes can be
swaged to the guide plate to secure and seal it to the structure before a
further larger bore pipe is similarly swaged. Thus a single guide plate can
have multiple pipes connected to it. Fig 49 shows such an embodiment.

30 In the Fig 49 embodiment, the guide plate has at least three guide tubes



25 2Apparatus as claimed in claim 1, having a stop mechanism that
extends radially from the conduit (1, 11, 21, 31, 41, 51,71) perpendicular
to the axis of the conduit (1, 11, 21, 31, 41, 51, 71) in the form of a
resilient ring (86) that is biased radially outwards from a 30groove on the
outer surface of the conduit (1, 11, 21, 31, 41,51, 71). 42 53 410 515
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92a and 92b, both of which have small diameters (e.g. 2 inch) and 92c,
which can be a large diameter tube. The small diameter guide tubes can
be as described for the Fig 30 embodiment, and can be used to attach the
guide plate to the outer hull S1, while the guide plate is attached to the hull
S1 via magnets (not shown) as described earlier. The two small bore
tubes can seal the guide plate to the hull and prevent leaks through it, as
well as providing an anchoring mechanism for the guide plate to the hull
S1. Once the small bore tubes are attached to the guide plate and
swaged to the hull S1, the void between the hulls S1 can be pumped out
separately through the small bore pipes. Optionally one or both of the
small bore pipes can be used to deliver heaters to the void to heat up and
fluidise the contents, which can be very useful in the event that the void
contains heavy oils. After the void has been emptied through the small
bore pipes the large bore pipe in the larger guide tube 92c can be swaged
to the inner hull S2 in the same way as described for the seventh
embodiment. Optionally a number of such units can be attached at
various locations along the outer hull S1, and the oil in the tank within the
inner hull S2 can be heated by heaters inserted through certain pipes, and
circulated between different pipes to maintain fluidity, before being

extracted through one ore more different pipes.

Modifications and improvements can be incorporated without departing
from the scope of the invention. For example, the seventh embodiment
can be used with variants of the drive mechanism that pull the drift
upwards through the neck rather than pushing it downwards as described
herein. In some embodiments the rods can have a square cross section,
and in others the cross section can be round. The drift can be supported
on bearings on the drill stem, and typically does not rotate relative to the
neck when it is expanding the neck. Collapsible drill bits can be used with

any of the embodiments, which expand radially due to centrifugal force,



6 20 257 30 Apparatus as claimed in claim 1 or claim 2, wherein the
neck (1n, 11n, 21n, 31n, 41n, 51n, 71n) comprises a radially inwardly
extending protrusion in the internal surface of the conduit (1, 11, 21, Si,
41, Si, 71) within the bore of the internal passage and spaced from the
end of the passage, wherein the protrusion is a continuous annular ring
around the inner circumference of the conduit. Apparatus as claimed in
any one of claims 1-3, wherein the driveggechanism (3, 13, 23, 33, 43, 53,
63, 73) for the expander device (7, 17, 27, 37, 47, 57, 77) drives the
conduit (1, 11, 21, Si, 41, Si, 71) axially through the hole in the structure
(S). Apparatus as claimed in any one of claims 1-4, including an
attactame: nontrech eat sty totemgtetian Brycamtesitchbitoeriuthélefole RayeSy
41, Sheli QiR UM EAPDSIRIHING AN ARYGRE ey 57

47,57, 77)1s driven through the conduit. Apparatus as claimed in any one

of clafiaMng qﬁW@ﬁ?h@%ﬁﬁ?ﬁiﬁ%we M St Rt RS HRE N

axiallyeggirancee dhil ditttngrojt ifGo Hite 2mk3GtetBho&ouTlioY pyocadys driving
gnechanism comprising a hydraulic cylinder and piston arrangement (3,
13, 23, 33, 43, 53, 63, 73). Apparatus as claimed in claim 6, wherein the
hydraulic cylinder and piston arrangement (3, 13, 23, 33, 43, 53, 63, 73)
drives the conduit (1, 11, 21, Si, 41, Si, 71) into contact with the structure
S and drives the movement of the expander device (7, 17, 27, 37, 47, 57,
77) through the neck (1n, 11n, 21n, 31n, 41n, 51n, 71n). 43
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Claims

Apparatus for transfer of fluids to or from a structure (S), the

apparatus having:

a conduit (1, 11, 21, 31, 41, 51, 71) having an internal passage with a
neck (1n, 11n, 21n, 31n, 41n, 51n, 71n) a portion of the conduit (1,
11,21, 31, 41, 51, 71) being adapted to be received within a hole in
the structure;

an expander device (7, 17, 27, 37, 47, 57, 77) adapted to be received
within the internal passage of the conduit (1, 11, 21, 31, 41, 51, 71)
and having at least one portion that has a larger dimension than the
neck (1n, 11n, 21n, 31n, 41n, 51n, 71n) of the internal passage; and
a driving mechanism (3, 13, 23, 33, 43, 53, 63, 73) adapted to drive
the expander device through the internal passage of the conduit, and
to expand the neck of the conduit, characterised in that:

the apparatus has a perforating mechanism comprising a drill stem
(5, 15, 25, 35, 45, 55, 65, 75);

the expander device (7, 17, 27, 37, 47, 57, 77) is apertured to allow
passage of the drill stem;

the perforating mechanism has a cutting bit (6, 16, 26, 36, 46, 56, 76)
adapted to form the hole in the structure S, and;

the cutting bit (6, 16, 26, 36, 46, 56, 76), is mounted on the end of the
drill stem (5, 15, 25, 35, 45, 55, 65, 75).

Apparatus as claimed in claim 1, having a stop mechanism that
extends radially from the conduit (1, 11, 21, 31, 41, 51, 71)
perpendicular to the axis of the conduit (1, 11, 21, 31, 41, 51, 71) in
the form of a resilient ring (86) that is biased radially outwards from a
groove on the outer surface of the conduit (1, 11, 21, 31, 41, 51, 71).



12 25 30 Apparatus as claimed in any one of claims 1-8, in which the
expander device (7, 17, 27, 37, 47, 57, 77) is itself adapted to change
configuration between an expanded configuration and a retracted
configuration. Apparatus as claimed in any one of claims 1-9, wherein the
expander device (7, 17, 27, 37, 47, 57, 77) incorporates bearings in the
aperture to isolate the expander device (7, 17, 27, 37, 47, 57, 77) from
torque applied through rotation of the drijstem (5, 15, 25, 35, 45, 55, 65,
75). Apparatus as claimed in any one of claims 1-10, having a guide
assembly, housing the conduit with the neck (1n, 11n, 21n, 31n, 41n, 51n,
71n), and having a flange to facilitate temporary connection to the
structure before the expander device (7, 17, 27, 37, 47,57, 77) is driven

through tha condit €ls ddintdd Al cfim 3! of Ui SEAMSGER R efEeR HpoN
passage of the expander device g 17, 27, 37, 47,57, 77) through the

neck (1n, 14A; 4% Bk 240005 iﬂﬁ)’.m@ﬁ'ﬁ AppdAOYardimed in
any precedixgralagpnoinesein itheheuitigdis isfae teasdlely @uiuigaiet i@ the

ghrill stem (3, 1o, 23, 39) dnmInfBof@bAfRY iﬁ@ﬂ%‘?ﬁ%&%@ﬁ&‘%&%ﬁom

the drill stem (5, 15, 25] 35, 45, 55, 65, 75) upon passage o Xpander
device (7, T9mAhe endef e paspRaaovf el R BROIUS NS, 2epNtEHquUs
41n, 51n, BhApardiAp prsatdsrasiclimadumrsheEesedB gorlaim, in which
the structure (S) has a double skin, each with an outer and an inner
surface (Si, S2) and the conduit is adapted to pass through the outer and
inner 4urfateRa(8iusas eleimediruanyrersedd ratis Aetivfgienthe 2iTive

10 mechanism (3, 13, 23, 33, 43, 53, 63, 73) for the expander device (7,
17,27, 37, 47, 57, 77) drives the conduit (1, 11, 21, 31, 41, 51, 71)

axially through the hole in the structure (S).

5  Apparatus as claimed in any one of claims 1-4, including an

15 attachment mechanism to temporarily connect the conduit (1, 11, 21,
31, 41, 51, 71) to the structure (S) before the expander device (7, 17,
27,37, 47,57, 77) is driven through the conduit.

6  Apparatus as claimed in any one of claims 1-5, in which the

20 perforating mechanism comprises a drill which axially advances the
cutting bit (6, 16, 26, 36, 46, 56, 76) by a bit driving mechanism
comprising a hydraulic cylinder and piston arrangement (3, 13, 23,
33, 43,53, 63, 73).

25 7  Apparatus as claimed in claim 6, wherein the hydraulic cylinder and
piston arrangement (3, 13, 23, 33, 43, 53, 63, 73) drives the conduit
(1, 11, 21, 31, 41, 51, 71) into contact with the structure S and drives
the movement of the expander device (7, 17, 27, 37, 47, 57, 77)
through the neck (1n, 11n, 21n, 31n, 41n, 51n, 71n).

30



31n, 41n, 51n, 71n) is expanded, so that the neck (1n, 11n, 21n, 31n, 41n,
51n, 71n) is expanded when a portion of the neck (1n, 11n, 21n, 31n,
41n, 51n, 71n) is located in or beyond the inner surface (S2) of the
structure (S). 15 15 Apparatus as claimed in claim 14, incorporating a
resilient locking device (86) located on the outer surface of the conduit,
the resilient locking device (86) being maintained in a first radially
compressed configuration during passagg of the locking device through
the outer 20surface (Si), and being adapted to change its configuration
after passage through the outer surface (Si) to a radially expanded
configuration that resists passage through the inner surface (S2) after the
configuratippetatuges28di62gh reaatusrasot klaines] Liry aimwivieleélang claim,

in which t@ﬂéW@eF"t?&P@é‘(?”lﬁQ%ﬁ%ﬁ%ﬂ???é tQﬁer%%) !ﬁmﬁe&r%ed to

the structure'S. pparatus as claimed in an prece ing claim,_in
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supportingaftdree portion that is narrower than the neck (1n, 11n, 21n, 31n,
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41n, 51n, 71n).

Apparatus as claimed in any one of claims 1-8, in which the
expander device (7, 17, 27, 37, 47, 57, 77) is itself adapted to
change configuration between an expanded configuration and a

retracted configuration.

Apparatus as claimed in any one of claims 1-9, wherein the expander
device (7, 17, 27, 37, 47, 57, 77) incorporates bearings in the
aperture to isolate the expander device (7, 17, 27, 37, 47, 57, 77)
from torque applied through rotation of the drill stem (5, 15, 25, 35,
45, 55, 65, 75).

Apparatus as claimed in any one of claims 1-10, having a guide
assembly, housing the conduit with the neck (1n, 11n, 21n, 31n, 41n,
51n, 71n), and having a flange to facilitate temporary connection to
the structure before the expander device (7, 17, 27, 37, 47,57, 77) is
driven through the conduit (1, 11, 21, 31, 41, 51, 71).

Apparatus as claimed in any one of claims 1-11, in which the
expander device (7, 17, 27, 37, 47, 57, 77) is releasably connected to
the drill stem (5, 15, 25, 35, 45, 55, 65, 75) and is adapted to
disconnect therefrom upon passage of the expander device (7, 17,
27, 37, 47, 57, 77) through the neck (1n, 11n, 21n, 31n, 41n, 51n,
71n).



45 comprising elongate rods extending parallel to the conduit, and
connected to the conduit through lever arms that engage and disengage
the conduit. 518 A method for attaching a conduit (1, 11, 21, 31, 41, 51,
71) to a structure S, the method comprising the steps of providing a
conduit (1, 11, 21, 31, 41, 51, 71) with an internal passage having a neck
(1n, 11n, 21n, 31n, 41n, 51n, 71n); 10forming a hole through a face of the
structure (S) to enable passage of a portjgn of the conduit (1, 11, 21, Si,
41, Si, 71) through the hole; passing a portion of the conduit (1, 11, 21, Si,
41, 51, 71) through the hole in the structure (S), whereby the neck (1n,
11n, 21n, 31n, 41n, 51n, 71n) of the conduit passes through the hole in
the 13struétpperasts\adingineexpanyleratediog Claimh7 WPerSi tidg cBmng Dt

adapted t%%l@a[é‘é&ﬂf&%ﬂrfﬁdf%m% BRCSALSemL®, 45N03 185 45158185 75)
71n); prowdlngadrlw;% mechanism 3 13, 23, 33, 43, 53, 63 Fh)? %
h

adapted toPAAVE A8 %G@Fﬂ@?ﬁ&é [gmithe shill stey 45540, 25
the _20necl5£$165,115) uom, |3Hgsadé of Banexidan)c endkdicdei (g e Z2xmmder
glevice (7, § 7 t?r?ak@z tRE bk ;maoqqn 2 Perion gf fhe pondyjs, whereby

the expander device (7, 17, 27, 37, 47,57, 77) widens a portion of the
internal passage of the conduit in the region of the neck; characterised by:

25proyadinggp petiey aingameehariaypheddam@ dkithsiemiien 1be 2budoréS,

55, 65, 75) ountin utting bit pn the end of the drill. stem 5 15
e oo o ARND QIR L ST a2

27, 37, 47,%7 aW)tmdqm@uHﬁr@ﬂw@edxpmwfd@vmtm qtllelzandammw
157, 77) ondhedel stamsby mﬁéiggmarerﬂéﬁimmbéwm thn apErte,
in the expaélﬂde%%lﬁvgi%)(zs éLx7 a2nde§7sc§1t7hat the neck (1n, 11n, 21n, 31n, 41n,
51n, 71n) is expanded when a portion of the neck (1n, 11n, 21n, 31n,
41n, 51n, 71n) is located in or beyond the inner surface (S2) of the
structure (S).
15
15 Apparatus as claimed in claim 14, incorporating a resilient locking
device (86) located on the outer surface of the conduit, the resilient
locking device (86) being maintained in a first radially compressed
configuration during passage of the locking device through the outer
20 surface (S1), and being adapted to change its configuration after
passage through the outer surface (S1) to a radially expanded
configuration that resists passage through the inner surface (S2)

after the configuration change.

25 16 Apparatus as claimed in any preceding claim, in which the drive
mechanism (3, 13, 23, 33, 43, 53, 63, 73) is secured to the structure
S.

17 Apparatus as claimed in any preceding claim, in which the drive
30 mechanism (3, 13, 23, 33, 43, 53, 63, 73) has a supporting frame



77), and axially advancing the drill stem toward the structure to form the
hole, and to drive the expander device (7, 17, 27, 37, 47, 57, 77) through
the conduit (1, 11, 21, 31, 41, 51, 71). A method as claimed in claim 18,
wherein the neck (1n, 11n, 21n, 31n, 41n, 51n, 71n) is passed through the
hole and extends beyond the structure (S) at the opposite end of the hole.
A method as claimed in claim 18 or claim 19, wherein a stop mechanism
on the outer surface of the conduit (1, 14421, Si, 41, 51, 71) limits the
axial movement of the conduit into the hole. A method as claimed in any
one of claims 18-20, wherein the neck (1n, 11n, 21n, 31n, 41n, 51n, 71n)
is deformed by the passage of the expander device (7, 17, 27, 37, 47, 57,
77) from adirspoeiniigl caigatei roddtteindigwsrpisisagbeot thduiteekd 1n,
11n, 21n, 31An&48q B he/dNdtMABRGRGDBIL RRIAIRIRA GRRARKIPT
device (7, 17, 27, 37, 47, 57, 77) is passed through the internal passage,
to a seconﬁ'm ioreHWihich it restricts passage of the neck (1n,
11n, 21n, 31n, 41n, 51n, 71n) through the hole, after expansion of the
eck 1 ovementqf ander
%evmtg%?? %7&%%7%&%7%5%“ %%%rougﬁ%??n%r na %s?ggzﬁ A%nigethod
as clalmec{SW‘éW{/eo?leﬂlﬁ mathes camarisiatieisians pander device is
driven through the conduit (1, 11, 21, Si, 41, Si, 71) past the neck (1n,
11n, 21n, 31n 41n, 51n, 71n) u |I drgp t{ aI end of the
conduit. A met'ﬁlméJ gscg a?rlﬁer@wﬁém;l b%cie % C%Trns \ 'Heerrgﬁlwpthe
cutting bit P8s389QBaBBYI46)S%, (16) is rekEsa1IY, édrﬁlnééted' 19Xhe drill

1¢tem 47 (forkinga hdte ARod§h BFadobAind digremveessil emmbie shdbstrm
upon pas Ji?r[lge of thee ander dewceﬂ; 17,27,37, 47,57, 77 t%%l};?q%;

the neck ( SPRRIOR R b5, ORgHT L, L 7. o4 Pletd dribeudh;
any one ofpelssing aMBQmthmhah@JeX@ahtte?ﬂdé\hcél(ﬁll7;L)2WGUgW

57,77)1s %ﬁé%l@'ﬁqwﬁ%w&ﬁ?e"(%‘}kv&ﬂr&e%%h@%ﬁc@%ﬂw ‘ﬂrr\ 51R, A0 at

the distal end of the internal passage of the con wt; 21, Si, 41, §i,

71) and th8 18 FaRdéreidee Gondkibpasses shroggh s r?km'netathough

13he 10condtnidtare the distal end to expand the neck (1n, 11n, 21n, 31n,

41n, 51n, a e I

which the E’Wctﬁ}% ?g[% E%%%g%zd&l?@ignwéa% %v?thzezngfu égﬁqﬁ%er
15surface P8ia &ekHEIR SIRIDRGS (&ﬂsééﬁ t%%ﬁuéﬁ‘th‘blﬁtﬁéf‘ aftMnner
surfaces (ptoRdingfdligiatyeteed4bishetorezheaneskad nsl b3, 24Naddiled

41n, 51n, 71n).is expanded, so,that t n 4 51n,
T e o N T B TR E RSty s sy bt ng
2071n) is locaesy (ﬁhrorlééyéh@ Henirfder Bliratkn); and

driving the expander device (7, 17, 27, 37, 47, 57, 77) through a
portion of the conduit, whereby the expander device (7, 17, 27, 37,
47,57, 77) widens a portion of the internal passage of the conduit in
the region of the neck; characterised by:

25 providing a perforating mechanism having a drill stem (5, 15, 25, 35,
45, 55, 65, 75), mounting a cutting bit on the end of the drill stem (5,
15, 25, 35, 45, 55, 65, 75), providing an aperture in the expander
device (7, 17, 27, 37, 47, 57, 77) and mounting the expander device
(7, 17, 27, 37, 47, 57, 77) on the drill stem by passing the drill stem

30 through the aperture in the expander device (7, 17, 27, 37, 47, 57,
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77), and axially advancing the drill stem toward the structure to form
the hole, and to drive the expander device (7, 17, 27, 37, 47, 57, 77)
through the conduit (1, 11, 21, 31, 41, 51, 71).

A method as claimed in claim 18, wherein the neck (1n, 11n, 21n,
31n, 41n, 51n, 71n) is passed through the hole and extends beyond

the structure (S) at the opposite end of the hole.

A method as claimed in claim 18 or claim 19, wherein a stop
mechanism on the outer surface of the conduit (1, 11, 21, 31, 41, 51,

71) limits the axial movement of the conduit into the hole.

A method as claimed in any one of claims 18-20, wherein the neck
(dn, 11n, 21n, 31n, 41n, 51n, 71n) is deformed by the passage of the
expander device (7, 17, 27, 37, 47, 57, 77) from a first configuration
in which it allows passage of the neck (1n, 11n, 21n, 31n, 41n, 51n,
71n) through the hole before the expander device (7, 17, 27, 37, 47,
57, 77) is passed through the internal passage, to a second
configuration, in which it restricts passage of the neck (1n, 11n, 21n,
31n, 41n, 51n, 71n) through the hole, after expansion of the neck
(1n, 11n, 21n, 31n, 41n, 51n, 71n) by the movement of the expander
device (7, 17, 27, 37, 47, 57, 77) through the internal passage.

A method as claimed in any one of claims 18-21, in which the
expander device is driven through the conduit (1, 11, 21, 31, 41, 51,
71) past the neck (1n, 11n, 21n, 31n, 41n, 51n, 71n) until it drops

from the distal end of the conduit.

A method as claimed in any one of claims 18-22, wherein the cutting
bit (6, 16, 26, 36, 46, 56, 76) is releasably connected to the drill stem
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(5, 15, 25, 35, 45, 55, 65, 75) and disconnects from the drill stem
upon passage of the expander device (7, 17, 27, 37, 47, 57, 77)
through the neck (1n, 11n, 21n, 31n, 41n, 51n, 71n).

A method as claimed in any one of claims 18-23, in which the
expander device (7, 17, 27, 37, 47, 57, 77) is assembled below the
neck (1n, 11n, 21n, 31n, 41n, 51n, 71n) at the distal end of the
internal passage of the conduit (1, 11, 21, 31, 41, 51, 71) and the
expander device (7, 17, 27, 37, 47, 57, 77) is pulled through the
conduit from the distal end to expand the neck (1n, 11n, 21n, 31n,
41n, 51n, 71n).

A method as claimed in any one of claims 18-24, in which the
structure (S) has a double skin, each with an outer and an inner
surface (S1, S2) and the conduit is passed through the outer and
inner surfaces (S1, S2) of the structure (S) before the neck (1n, 11n,
21n, 31n, 41n, 51n, 71n) is expanded, so that the neck (1n, 11n, 21n,
31n, 41n, 51n, 71n) is expanded when a portion of the neck (1n, 11n,
21n, 31n, 41n, 51n, 71n) is located in or beyond the inner surface
(S2) of the structure (S).



