
21 April 2006 1 EQUIPMENT FOR DRILLING VERTICAL BOREHOLES The invention
relates to equipment for drilling  vertical boreholes, typically but not
exclusively for  making bored piles of great depth. 5 When starting a
project, it is often necessary to  begin by installing a foundation
constituted by bored  piles made in the ground where the project is to be
built. That technique consists in drilling a borehole in  the ground of
diameter matching that of the pile that is 10 to be made, and then filling
the borehole with concrete  or grout or some other suitable material. There
also exist so-called tunnelling machines  having a rotary head that are
used to make tunnels that  are horizontal or substantially horizontal, and
that 15 might pass through rock that is very hard, such as  granite.
Nevertheless, it will be understood that the  conditions under which
vertical boreholes are made are  completely different from those
encountered when digging  a tunnel. 20 While drilling a borehole, the
drilling machine is  immersed in a fluid that fills the borehole. In
addition, in order to reach the layer of hard rock, it is  often necessary
to drill to great depth, e.g. about 15 meters (m) to 50 m through layers
that are softer.  25 During this operation, as the borehole advances, it is
necessary to install successive casing elements or to  maintain the
excavation by means of an appropriate  drilling fluid. It will also be
understood that the rotary head  30 cutting machine must be capable of
developing very high  levels of thrust, e.g. of the order of 500 (metric)
tonnes (t), together with a very high level of torque  when drilling into
granite. It is therefore necessary to be able to take up said  35 thrust
and said torque as developed by the cutting  



machine at a depth which can be quite considerable, e.g. 21 April 2006 2 15
m to 50 m, and in a space that is full of water,  bentonite mud, or an
appropriate drilling fluid. It can clearly be seen that the techniques for
taking up thrust and torque that are appropriate for use  with conventional
tunnelling machines are unsuitable for  use in conditions corresponding to
drilling boreholes to  make bored piles. It should also be added that
"large-diameter bored  piles" means piles having a diameter of about 1.5 m
to  4 m. This size is very different from that which is  encountered when
making a tunnel. There therefore exists a real need for equipment  making
it possible to drill vertical boreholes of great  depth and in ground that
is very hard, at least in part. Embodiments of the present invention seek
to provide  equipment for drilling vertical boreholes in very hard  ground,
which equipment is effective and makes it  possible to drill such boreholes
with a diameter of about  1.5 m to 4 m. According to a first aspect of the
present invention,  there is provided an equipment for drilling vertical
boreholes in hard ground, the equipment comprising: casing put successively
into place in the borehole; a drilling machine comprising a rotary cutting
head, having a diameter, a structural frame and means for  rotating said
cutting head with respect to said structural  frame; torque and thrust
transmission means distinct  from said drilling machine having a first end
secured to  said structural frame of the drilling machine and a second
end, said transmission means being cylindrical in shape  and having a
diameter substantially equal to the diameter  of the cutting head; and 



securing means entirely mounted on said second  end of the transmission
means, said securing means  including movable securing members, each
securing member 21 April 2006 2a being suitable to take up second position
wherein said  member cooperates with a portion of said casing to secure
said transmission means to said casing and a first  position wherein said
securing member does not cooperate  with said casing; and control means to
control the  position of said securing members. It will be understood that
in embodiments of the  invention the torque and the thrust developed by the
rotary head cutting machine are ultimately taken up by  the casing itself.
This is made possible either by  exerting a force on the top end of the
casing or else  because of the 21 April 2006 3 weight of the casing as a
whole and because of the very  high level of friction that exists between
the outside  face of the casing and the surrounding ground. More precisely,
the thrust and the torque are 5 finally taken up by the casing via the
torque and thrust  transmission means which are preferably constituted, by
sections of tube that are welded to one another and via  securing means for
securing the transmission means  relative to the casing both in translation
and rotation. 10 In a first embodiment of the invention, the  equipment is
characterized in that said securing means  comprise an annular body secured
to the second end of the  thrust and torque transmission means, and
expandable  means mounted on the outside face of said body and 15 suitable
for occupying a first position at rest and an  active second position in
which the expandable means  apply pressure to the inside face of the
casing. In this embodiment of the invention, torque and  



thrust are taken up by an assembly fixed to the end of  20 the torque and
thrust transmission means. The assembly comprises a cylindrical body having
expandable elements  mounted on the outside face thereof which thus faces
the  inside face of the casing. In their expanded state,  these elements
press against the inside face of the 25 casing with sufficient pressure
over sufficient area to  ensure that the thrust and torque transmission
means are  secured both in translation and in rotation. The expandable
elements may be inflatable envelopes  which are inflated by means of a
fluid under pressure, or  30 they may be pressure shoes controlled by
actuators that are movable in radial directions of the borehole.  In a
second embodiment, the equipment is  characterized in that said securing
means comprise a  plurality of catch elements formed in the inside face of
35 the casing, and moving locking members mounted at the  second end of the
torque and thrust transmission means,  said locking members being suitable
for taking up a 21 April 2006 4 retracted first position at rest and an
active second  position in which they co-operate in rotation and in
translation with the catch elements. In this embodiment, the torque and
thrust are taken  5 up by co-operation between a plurality of series of
catch  elements provided in the casing, and moving locking members carried
by the transmission means. As the rotary  drilling head advances, it passes
from one series of  catch elements to the next deeper series of catch 10
elements. In a third embodiment, the equipment is  characterized in that
said securing means comprise a  plurality of tube elements securable to the
second end of  the torque and thrust transmission means and securable to 15
one another and to fixing means for fixing the top tube  element in
translation and in rotation to the top end of  



the casing. In this third embodiment, the torque and thrust  transmission
means are extended by tube elements which  20 are put into place in the
borehole and secured to one another as the drilling head advances. The top
end of  the set of tube elements is flush with the surface of the  ground
and is secured by means of a "cap" both in  translation and in rotation to
the top end of the casing  25 situated above ground level. Other
characteristics and advantages of the  invention appear better on reading
the following  description of various embodiments of the invention given as
non-limiting examples. The description refers to the  30 accompanying
figures, in which: - Figure 1 is a simplified longitudinal section view  of
a rotary head cutting machine; Figures 2A and 2B show the Figure 1 machine
in the  retracted state and in the expanded state; 35 . Figure 3 is a
longitudinal section view of a first  embodiment of the drilling equipment;
21 April 2006 5 . Figure 3A is a fragmentary view showing details of  the
Figure 3 equipment, showing a preferred embodiment of  the expandable
elements;  Figure 4 is a longitudinal section view of a  5 second
embodiment of the drilling equipment;  Figure 4A is a fragmentary view of a
detail of the  Figure 4 equipment; . Figure 4B shows the Figure 4 drilling
equipment at  the end of drilling; 10  Figure 5 is a longitudinal section
view of a  variant of the second embodiment of the drilling  equipment;
Figure 5A is a fragmentary view showing details of  the locking members of
the Figure 5 equipment; 15 . Figure 5B is a section view on line B-B' of  



Figure 5A; and  Figure 6 is a longitudinal section view of a third
embodiment of the drilling equipment. With reference initially to Figures
1, 2A, and 2B, a  20 rotary head cutting machine is described which is
preferably used in the drilling equipment of the  invention. Nevertheless,
other rotary head drilling  machines could also be used. A machine of this
type is  well known in its use for making tunnels, so it is 25 described in
simplified manner only, in order to show up  its main elements. As can be
seen in Figure 1, the rotary head cutting  machine 10 has a front portion
12 and a rear portion 14,  these two portions being mounted telescopically
relative  30 to each other. The front portion 12 comprises a cylindrical
outer  structural frame 16 having a rotary cutting head 18  mounted therein
by a bearing. The head 18 is mounted to  rotate about the longitudinal axis
XX' of the machine. 35 It has a rotary drive shaft 20 with a rotary plate
22  supported by bearings 23 fixed to one end thereof. The  plate carries
front cutting disks 24 and "corner" cutting 21 April 2006 6 disks 26. The
shaft 20 is rotated by means of a motor  unit 28 carried by the structural
frame 16. The rear portion 14 of the machine comprises an  inner structural
frame 30 which is connected to the 5 structural frame 16 constituting the
front portion 12 by  axial thrust actuators such as 32. The structural
frame  30 essentially comprises a ring 34 for taking up thrust  and having
fixed thereto the first ends 32a of thrust  actuators 32 whose opposite
ends 32b are secured to the 10 structural frame 16 of the front portion of
the cutting  machine. A small amount of bending motion is also  possible
between the front portion 12 and the rear  portion 14 of the machine so
that these two portions of  



the machine can take up a small relative angle, under the 15 control of the
actuators 36. While the machine is in use, the rear portion 14 is
stationary and the front portion 12 moves forwards as the  cutting head 18
performs drilling. Figures 2A and 2B  show the two extreme positions of the
front portion 12 20 relative to the rear portion 14. When the cutting head
18, i.e. the front portion 12  of the machine has advanced through a length
L defined by  the actuator 32, the rear portion 14 is brought back into
the position shown in Figure 2A relative to the front 25 portion 12, and a
new rock-cutting cycle can begin.  Typically the length L of a drilling
cycle is equal to  0.8 m. As already explained briefly, the drilling
equipment  of the invention which uses a cutting machine of the type  30
described with reference to Figures 1 and 2, or of an analogous type,
essentially comprises means for taking up  the torque and the thrust that
the take-up ring 34 of the  rear portion 14 of the cutting machine receives
in  reaction. The purpose of these means, for each drilling 35 cycle
corresponding to a length L, is to prevent the  take-up ring 34 from moving
in rotation or translation  relative to the casing elements that have been
put into 21 April 2006 7 place in the borehole. These torque and thrust
take-up  means comprise firstly a cylindrical force and torque
transmission part having a first end secured to the rear  portion 14 of the
machine and more precisely to the take 5 up ring 34, and secondly an
assembly at a second end of  the transmission part and serving during each
drilling  cycle to secure the cylindrical transmission part in  rotation
and in translation relative to the casing  elements. 10 In other words, the
different embodiments of the  invention correspond to different systems for
securing 



the second end of the cylindrical thrust  transmission part relative to the
casing With reference now to Figures 3 and  15 embodiment of the invention
is described  achieved by expandable means. and torque  elements.  3A, a
first  in which this is Figure 3 shows the borehole 50 being drilled, the
ground surface 52, and the beginning 54 of a layer of  hard rock. As
drilling progresses, bolted-together 20 casing elements 56a are put into
place in the borehole so  as to constitute the casing 56 that extends over
the full  depth H of the borehole in the layer that is not hard. As already
mentioned, this depth may lie in the range  15 m to 50 m. 25 The drilling
head 10, and more precisely its take-up  ring 34 is secured by any suitable
means to the first end  60a of a cylindrical torque and thrust transmission
part  60. Its axis coincides with the axis of the casing 56.  The length H'
of this part is such that when added to the 30 length of the machine 10 in
its extended state, a total  length is obtained that is slightly greater
than the  desired depth of drilling into hard rock. For a drilling,  depth
of 8 m, the length H' of the part 60 is about 5.5 M. The diameter of the
part 60 is equal to the 35 diameter of the cutting head. In the example
described,  it is therefore 1.8 m. 21 April 2006 8 The assembly 62 for
securing to the casing 56  comprises a cylindrical body 64 of diameter that
is  slightly smaller than the diameter of the part 60,  together with
inflatable envelopes such as 66 which are 5 fixed to the outside face of
the body 64 facing the  



casing 56. The inflatable envelopes 66 are connected by  pipes 68 to a
source of fluid under pressure. Figure 3A shows the securing assembly 62 in
greater  detail. The ring 64 forming the cylindrical body has a  10 flange
64a at its bottom end for fixing to the part 60.  In the embodiment shown,
there are two inflatable envelopes 66a and 66b in the axial direction, and
there  are six inflatable envelopes around the circumference.  These
envelopes are fed together or individually by pipes 15 68 for feeding fluid
under pressure. The total surface  area of the inflatable envelopes that
comes into contact  with the inside face of the casing 56 must be
sufficient  to ensure that torque and thrust are taken up effectively. The
pressure of the fluid inflating the  20 expandable envelopes is necessarily
limited, in  particular in order to avoid deforming the casing 56. During
the drilling cycle, the envelopes 66 are in  the expanded state so as to be
secured in rotation and in  translation relative to the casing, and thus
take up 25 forces. Once a drilling cycle terminates, the envelopes  66 are
emptied of fluid under pressure and the assembly  62 moves down along the
borehole together with the  transmission part 60 through a length L
corresponding to  a length of one drilling cycle. 30 In a variant, the
inflatable envelopes 66 may be  replaced by pressure shoes of sufficient
surface area  that can be moved radially between a retracted position  and
a position in which they bear against the inside face  of the casing 56.
Each shoe is fixed to the end of the 35 rod of a hydraulic actuator mounted
on the cylindrical  body 64. 21 April 2006 9 A second embodiment of the
invention is described  below with reference to Figures 4, 4A, and 4B. In
this embodiment, there can be seen the rotary  head drilling machine 12 and
the cylindrical thrust and  



5 torque transmission part 60. Compared with the first embodiment, the
difference lies in the way in which the  transmission part is secured to
the casing. The force transmission part is given reference 60'  in this
embodiment and it is fitted at its top end 60'a,  10 i.e. its end remote
from the cutting machine 10, with four locking fingers such as 70 which are
described in  greater detail below. The casing elements are referenced 56'a
and they are  constituted by cylindrical metal rings each provided with  15
four catch orifices 72 lying in a common plane orthogonal to the
longitudinal axis of the casing 56' and angularly  offset by 90. A series
of four orifices 72 is separated  from the following series of four
orifices by a distance  h corresponding to a length L of a drilling cycle.
20 Naturally, only the lower casing elements that correspond  to the length
of drilling into hard rock are provided  with orifices 72. The other casing
elements do not have  orifices. The orifices 72 constitute catch elements
for  the fingers 70. .25 Figure 4A shows a locking finger 70 in greater
detail. It should first be mentioned that the orifices  72 are preferably
frustoconical and that the locking  finger 70 comprises a shoe 74 which is
likewise  frustoconical, being suitable for penetrating in an 94- 30
orifice 72. The shoe is secured to a piston 76  capable of sliding in a
sleeve 78 whose axis extends  radially relative to the axis of the tube
forming the  transmission part 60'. Using hydraulic control 80, the  shoe
74 of the locking finger 70 can occupy a rest 35 position in which it is
retracted, and an active position  (as shown in Figure 4A) in which the
shoe 74 penetrates  into the orifice 72. When the locking finger goes from
21 April 2006 10 



the retracted position to the active position, it is  desirable for the
finger to be secured via a floating  mount so as to facilitate penetration
of the finger in  the orifice 72. 5 Figure 4B shows the drilling machine 10
at its end- of-drilling position. In this position, the front  portion 12
of the drilling machine is in its extended  position relative to the rear
portion 14 of the machine,  and the locking fingers 70 are engaged in a
series of 10 orifices 72i occupying the lowest position in the casing.  At
the end of each drilling cycle, the fingers 70  need to be retracted. The
rear portion 14 of the cutting  machine and the transmission part 60' are
then moved down  through a length L and the fingers 70 are engaged in the
15 following series of orifices 72. Figures 5, SA, and 5B show a variant of
this second  embodiment of the drilling equipment. This variant  differs
from the embodiment of Figure 4 solely by the  means which are provided for
providing locking between 20 the casing and the thrust and torque
transmission part  60'_ Figure 5 shows the drilling machine 10 with its
front portion 12 and its rear portion 14 inside the  borehole 50 which is
fitted with casing elements 56"a 25 forming the casing 56". The take-up
ring 34 of the rear  portion 14 of the drilling machine has a cylindrical
torque and thrust take-up part 60' fixed thereto. The  part 60' is
identical to that shown in Figure 4. In this embodiment, the top end 60'b
of the 30 transmission part 60' is fitted with four moving latches  90
lying in a common plane orthogonal to the longitudinal  axis of the parts
60' and angularly offset by 90. These  latches are described below with
reference to Figures 5A  and SB. 35 As mentioned briefly, the latches 90
co-operate with  the catch elements formed in the inside face of the
casing elements which are referenced 56"a in this variant 



21 April 2006 11 embodiment. Each series of catch elements comprises a
ring 92 projecting from the inside face of the bottom  casing elements 56"a
in order to take up thrust, and at  least one longitudinal part 94 also
projecting from the  5 inside face of the casing elements and located
immediately below the take-up ring 92. The longitudinal  part(s) 94
serve(s) to take up the torque transmitted by  the cylindrical part 60'.
Each latch 90 comprises a locking head 96 mounted in  10 a sleeve 98
secured to the part 60' and it moves under  the control of a hydraulic
actuator 100. In its  retracted position, the latch 90 is set back far
enough  to enable the latches to go past the take-up rings 92. In the
extended or active position, the locking head 96  15 bears both against the
take-up ring 92 and against the longitudinal take-up part 94. As shown in
Figure 5B, the active face 94a of the  part 94 is inclined, as is the
corresponding face 96a of  the locking head so as to facilitate engagement
20 therebetween. In Figure 5B, the locking head is drawn in  continuous
lines in its locking position and in dot- dashed lines in its decoupled
position. Naturally, the distance h' between two take-up rings  92 is equal
to the length L of a drilling cycle. 25 This variant embodiment is used in
exactly the same  manner as the embodiment of Figure 4. A third embodiment
of the drilling equipment is  described below with reference to Figure 6.
In this embodiment, tube elements are put 30 successively into place as the
borehole is drilled, the  bottom tube element being fixed directly to the
take-up  ring 34 of the cutting machine 10. The top tube element  is
secured in translation and rotation to a cap-forming  part which in turn is
fixed to the top end of the casing. 35 In other words, this succession of
tube elements acts  



both as the transmission part 60 or 60' of the first two  embodiments and
as the means for securing to the casing. 21 April 2006 12 Figure 6 shows
the cutting machine 10 with its take- up ring 34, the machine 10 being
shown at the bottom of  the drilled borehole immediately above the layer 54
of  hard rock. The casing 56 has been put into place in the 5 borehole
where it is drilled through ground that is not  hard. Its top end 56b of
the casing projects above  ground level. As the machine 10 moves down into
the hard rock, the  tube elements 80 are put into place. Each tube element
10 is of axial length h' equal to L. The bottom tube element 80i is bolted
to the take-up ring 34, and the  other tube elements are bolted to one
another. The top  tube element 80s is prevented from moving in rotation and
translation by a cap-forming part 82 against which it 15 bears. The
cap-forming part 82 is fixed to the top end  56b of the casing 56 by
securing means 84 which enable  the part 82 to be engaged and disengaged
quickly relative  oh the casing. It will be understood that each time a
length L corresponding to one drilling cycle has been 20 achieved, it is
necessary to release thepart82and put a new "top" tube element 80s into
placewhichthen bears against the part 82 after it has been put back into
place. In the description above, the borehole is protected  25 by casing
elements that are put into place in succession.  Under other circumstances,
it would be possible to provide for the casing to be constituted as a
single  piece. Similarly, in the description above, it has been  30 assumed
that drilling needs to be terminated in hard  rock. This is a particularly
advantageous way in which  the equipment can be used. Nevertheless, the
equipment  



of the invention can naturally also be used in other  types of ground. 35
21 April 2006 13 CLAIMS  1/ Equipment for drilling vertical boreholes in
hard  ground, the equipment comprising: casing put successively into place
in the borehole; a drilling machine comprising a rotary cutting  head,
having a diameter, a structural frame and means  for rotating said cutting
head with respect to said  structural frame; torque and thrust transmission
means distinct  from said drilling machine having a first end secured to
said structural frame of the drilling machine and a  second end, said
transmission means being cylindrical in  shape and having a diameter
substantially equal to the  diameter of the cutting head; and securing
means entirely mounted on said second  end of the transmission means, said
securing means  including movable securing members, each securing member
being suitable to take up second position wherein said  member cooperates
with a portion of said casing to secure  said transmission means to said
casing and a first  position wherein said securing member does not
cooperate  with said casing; and control means to control the  position of
said securing members. 2/ Equipment according to claim 1, characterized in
that  said securing means comprise a plurality of catch  elements formed in
the inside face of the casing at the  second end of the torque and thrust
transmission, said  securing members in the second position co-operate in
rotation and in translation with the catch elements. 3/ Equipment according
to claim 1, characterized in that  said securing means comprise an annular
body secured to  



the second end of the thrust and torque transmission  means, and expandable
means mounted on the outside face of 21 April 2006 14 said body and
suitable for occupying a first position at  rest and an active second
position in which the expandable  means apply pressure to the inside face
of the casing. 4/ Equipment according to claim 3, characterized in that
said expandable means comprise a plurality of inflatable  envelopes secured
to the outside face of said cylindrical  body, and means for injecting a
fluid under pressure into  said inflatable envelopes and for removing said
fluid from  said envelopes. 5/ Equipment according to claim 3,
characterized in that said  expandable means comprise a plurality of shoes
mounted to  move relative to said body, and displacement means for
applying said shoes with pressure against the inside face of  the casing.
6/ Equipment according to claim 2, characterized in that the  catch
elements comprise a series of through orifices formed  in said casing, the
orifices in a given series being disposed  in a common plane orthogonal to
the longitudinal axis of the  casing, the series of orifices being offset
in the axial  direction of the casing, and in that the securing members
comprise a plurality of locking fingers that are movable  radially between
a retracted first position at rest and an  active second position in which
said fingers penetrate into  the orifices of a series of orifices. 7/
Equipment according to claim 6, characterized in that  said orifices and
said locking fingers are frustoconical. 8/ Equipment according to claim 2,
characterized in that  said catch elements comprise a series of catch
pieces  projecting from the inside face of the casing, the catch  pieces in
a given series being disposed in a common plane  perpendicular to the
longitudinal axis of the casing, said  series being offset in the axial
direction of the casing,  and in that the securing members comprise a
plurality of  



latches movable radially between the first position at rest 21 April 2006
15 and the second position in which said latches co-operate  with said
catch pieces both in rotation and in translation. 9/ Equipment according to
claim 8, characterized in that  each series of catch elements comprises an
annular part  projecting from the inside face of the casing and a
plurality of longitudinal parts that are angularly spaced  apart and that
project from the inside wall of the casing. 10/ Equipment according to any
one of claims 1 to 9,  characterized in that said drilling machine has a
front  portion carrying the rotary cutting head and a structural  frame, a
rear portion comprising a structural frame, and  actuator means for moving
said front portion relative to  said rear portion, the first end of said
torque and thrust  transmission means being secured to the structural frame
of  said rear portion. 11/ Equipment according to any one of claims 1 to
10,  characterized in that said thrust and torque transmission  means
comprise a cylindrical part of longitudinal axis that  coincides with the
axis of the casing. 12/ Equipment according to any one of claims 1 to 11,
characterized in that said casing is constituted by a  plurality of casing
elements that are connected to one  another. 




