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A DRILLI NG RI G I NCLUDI NG A DEVI CE FOR CONNECTI NG A DEVI CE
FOR MEASURI NG VERTI CALI TY

Background of the invention
The present invention relates to the field of

nmeasuring the verticality of the novenment of a drilling
rig.

Measuring the verticality of a drilling rig
conventionally consists in continuously or periodically
measuri ng any departures fromthe vertical of a drilling

rig that is intended in particular to cut trenches of
great depth and small width, typically equal to the width
of the drilling rig.

Such rigs are particularly, but not exclusively,
rotary drumdrilling rigs. They are described in
particular in Docunent FR 2 211 027. The drilling rig is
suspended from a hoi st by neans of cables. The rig
continues to nove downwards progressively as the rotary
drunms cut the trench.

For certain kinds of work, the trench may present
great depth, which may be as nuch as one hundred neters
or nore. It is generally necessary for the trench to
present great accuracy concerning its verticality, in
particul ar because the final trench is usually the result
of juxtaposing vertical boreholes. The accuracy that is
required nmay be of millimeter order in the horizontal
direction for each neter of depth of the trench.

In particular because of irregularities of the
terrain in which the trench is to be nade, there exist
maj or risks of the drilling rig deviating fromits
vertical path, with this risk increasing as the depth of
t he borehol e increases.

There therefore exists a real need to have systens
that make it possible to nonitor the verticality of the
novenents of the machine, by detecting any departures
fromthe desired vertical path
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To solve this problem Docunment EP 0 841 465
proposes a device for continuously neasuring the
verticality of a drilling rig, which device also nmakes it
possible to detect tw sting novenents or crabw se
novenents of the rig.

The drilling rig described in that docunent thus
i ncludes a device for neasuring the verticality of the
nmovenent of a drilling rig for cutting a vertical trench

fromthe surface of the ground, said rig conprising a top
end secured to neans for supporting the rig while it is
being | owered, a bottom end, and a vertical |ongitudinal
axi s,

t he device further conprising:

- two smal | -section cables, each cable having a
first end fastened to the top end of the rig, the two
fasteni ng points being different;

- means for keeping said cabl es tensioned;

- two gui de neans arranged above the surface of the
ground to ensure, at |east at the neasurenent instants,
that the portion of each cable that is arranged in a
hori zontal plane is kept stationary in said plane while
the rig is being | owered, said guide neans defining two
fixed reference points in a spatial relationship with
said fastener points when they are in said horizontal
pl ane;

- means for neasuring in two nutually orthogonal
hori zontal directions the angles of inclination of the
portion of each cabl e extendi ng between said fastener
poi nts and sai d gui de neans;

- means for neasuring the lengths of the portions of
cabl e extendi ng between the fastener points and the guide
means while the rig is being | owered;

- means secured to the rig to neasure the angl es of
inclination of the longitudinal axis of said rig in two
mut ual Iy orthogonal horizontal directions; and

- processor neans for using said neasured |engths
and said nmeasured angles of inclination to calculate the
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novenents of the two cable fastener points in said

ort hogonal directions and for using the cal cul ated
nmovenents of the fastener points of the two cables and
the two neasured angles of inclination of the vertical
axis of the rig to calculate the novenents of two
different fixed points of the bottomend of said rig.

It can be understood that by continuously nmeasuring
the length of the cables between the top end of the rig
and the fixed guide nmeans, and by neasuring angl es of
inclination at the ends of the cables fastened to the
rig, it is possible to calculate continuously the
coordi nates of the two fastener points of the cables and
thus to cal culate any departures in position of the
cables fromthe reference positions defined using the two
fi xed guide neans. |In that docunent, provision is made
for an inclinonmeter to be arranged between one end of the
cable and a swivel systemfastened to the rig.

Al t hough such a systemis entirely satisfactory, it
has soneti mes been found that the device |acks
r obust ness, which can be harnful to the accuracy of the
nmeasur enent s.

bj ect and summary of the invention

An object of the invention is to provide a drilling
rig that renmedi es the above-nenti oned drawbacks.

To do this, the invention provides a drilling rig
for cutting a vertical trench fromthe surface of the
ground, the rig conprising:

- a frame having a top portion secured to a support
device for carrying the frane; and

- a verticality neasurenent device conprising at
| east a first cable and at least a first inclinoneter,
one end of the first cable being connected to the top
portion of the frane and to the first inclinoneter.

In characteristic manner, the drilling rig further
conprises at |least one first connection device
conpri si ng:
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- a support fastened to the frame; and

- a body connected to the support via a sw vel |ink;

the first inclinoneter and the first cabl e being
fastened to the body while being arranged on opposite
sides of the sw vel [ink.

By neans of the invention, the tensioned first cable
exerts traction on the frame via the swivel [ink and no
| onger via the inclinoneter as in the prior art. This
direct link between the first cable and the frame
enhances appl yi ng tensi on and keepi ng tensi oned, thereby
having the effect of inproving the accuracy of the
nmeasur enent s.

It can al so be understood that the inclinoneter is
arranged beneath the swivel link, such that the tension
acting on the first cable is taken up by the swivel |ink
and no longer by the inclinonmeter as in the prior art,

t hereby i nproving the robustness of the neasurenent
devi ce.

Advant ageously, the frame also includes a bottom
portion that is provided with an excavator devi ce.

Advant ageously, the body includes a fastener nenber
for holding the end of the first cable. An advantage of
the fastener nmenber is to facilitate connecting and
di sconnecting the first cable to and fromthe first
connection device, thereby facilitating mai ntenance
operations, e.g. in the event of the first cable
br eaki ng.

Advant ageously, the body is provided with a duct
into which the first cable is inserted. The duct serves
to guide insertion of the first cable into the body,
thereby nmaking it easier to connect. Preferably, the
duct is inside a tube that co-operates with the fastener
menber.

Advant ageously, the support includes a fastener
portion for fastening the support to the frame, and said
fastener portion is arranged between the end of the first
cable and the swi vel I|ink.
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An advantage is to be able to place the swivel link
and the first inclinoneter inside the frane, thereby
contributing to reducing their exposure to pieces of
excavated ground that are to be found in the trench.

Specifically, it can be understood that the first

inclinoneter and the swivel link are arranged under the
fastener fastening, thereby enabling the first
inclinoneter and the swivel link to be housed inside the

vol ume of the frane.

In other words, this advantageous configuration
serves to protect the swivel link and the first
i nclinoneter by reducing their exposure to pieces of
excavated ground that are to be found in the trench.

Preferably, the fastener portion includes a plate
having a central opening, and the body extends through
t he central opening.

Advant ageously, the body includes a first end
carrying the first inclinometer and a second end renpte
fromthe first end, the support including a guide portion
surroundi ng the second end of the body.

An advantage of this guide portionis tolimt
novenent of the body inside the guide portion. The guide
portion also has the function of protecting the body,
e.g. against falling stones.

Preferably, the guide portion includes an annul ar
el enent of axis passing through the sw vel |ink.

The annul ar el enent fornms an annul ar abut ment t hat
serves to limt the angle through which the body can
pivot relative to the frane. The annul ar el enent al so
contributes to protecting the second end of the body.

Preferably, the second end of the body has a disk
into which the above-nenti oned duct |eads. The disk
presents a dianeter greater than that of the tube and
serves to further Iimt novenent of the body.

Advant ageously, the frame presents a | ongitudi nal
direction, and the axis of the guide portion is parallel
to the longitudinal direction of the frame.
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Advant ageously, the first connection device includes
at | east one housing in which the swivel link is
arranged, and at |east one sealing bell ows arranged
bet ween the housi ng and the body.

It can be understood that the tube of the body and
the first inclinoneter are arranged on opposite sides of

the housing. 1In addition, the sealing bellows has the
function of protecting the el enent constituting the
swivel link, in particular when drilling is performed in
mud.

Advant ageously, the center of gravity of the
assenbly constituted by the first connection device and
the first inclinoneter is situated in the sw vel |ink.

Preferably, said drilling rig is a cutter having
cutter druns that rotate about axes perpendicular to the
| ongi tudi nal axis of the frame.

Brief description of the draw ngs

The invention can be better understood on reading
the foll ow ng description of an enbodi ment of the
i nvention given by way of non-limting exanple, and with
reference to the acconpanyi ng draw ngs, in which:

- Figures 1 and 2 show a prior art drilling rig;

- Figure 3 shows a prior art connection device;

- Figure 4 is a perspective view of a connection
device in accordance with the invention;

- Figure 5 is an axial section view of the Figure 4
devi ce; and

- Figure 6 shows a drilling rig of the invention
including a pair of Figure 4 connection devices.

Det ai | ed description of the invention

Wth reference to Figures 1 to 3, there follows a
description of a prior art device for measuring
verticality and that is nounted on a drilling rig.

These figures show a drilling rig 10, e.g. of the
rotary drumcutter type. The rig essentially conprises a
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frame 12 and two rotary drunms 14 and 16. The rig is
shown in a trench 18, which it is in the process of
cutting.

The rig 10 is suspended froma hoist 20 by a bl ock
and tackle, not shown.

In the invention, first and second cables 22 and 24
have their first ends 22a and 24a fastened respectively
at two different points A and B at the top end 26 of the
frame 12 of the drilling rig. The cables 22 and 24 are
of small section so as to present little stiffness. This
does not present any drawback since they do not support
the drilling rig.

Preferably, but not necessarily, the points A and B
are arranged in the mdplane of the frame of the drilling
riginits wwdth direction, i.e. in the direction of its
| ong di nension in horizontal section.

The ot her end 22b, 24b of each cable 22, 24 is
nmounted on a drum 28 carried by the hoist 20. The drum
is fitted with a systemserving to keep the cables 22 and
24 tensioned while the drilling rig is being | owered.

Furthernore, provision is nmade for each cable to
have a device 30 for nmeasuring the I ength of cable that
has been wound out while the drilling rig is being
|owered. It is thus possible continuously to know the
depth Z of the druns 14 and 16 of the drilling rig
relative to the surface of the ground S in which the
trench 18 is being excavat ed.

For further explanation about the operation of said
device, reference may be nade to Docunent EP O 841 465.

Figure 3 shows in greater detail how the end 22a of
the cable 22 is fastened to the top end 26 of the frane
12 of the drilling rig in the prior art. The fastener
device has a bottomplate 31 secured to the top end 26
and fastened to the point A

The plate 31 is connected to an inclinoneter 32 by
means of a swivel system 34. The inclinoneter is secured
to the end 22a of the first cable 22. The information
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provi ded by the inclinometer 32 corresponds to the angles
of inclination of the termnal portion of the first cable
22, and that information is not disturbed by any tw sting
of the cable or by any stiffness of the cable inits
fasteni ng zone.

The present invention provides an alternative to the
prior art connection device shown in Figure 3.

Figure 4 shows an enbodi nent of a first connection
device 100 in accordance with the present invention.

This first connection device 100 conprises a support
102 that is configured to be fastened to the top portion
12a of the frame 12. For this purpose, the support 102
has a fastener portion 104 for fastening the support to
the frame, by means of bolts 108.

The first connection device 100 al so has a body 110

that is connected to the support 102 via a swivel |ink
112, that can be seen better in the section view of
Fi gure 5.

The body 110 has a fastener nenber 120 for hol ding
the end 22a of the first cable 22. As can be seen from
Figure 5, the body 110 has a tube 121 that is provided
with a duct 122 of dianeter that is slightly greater than
the dianmeter of the first cable. The first cable 22 is
inserted in the duct 122 so that the end 22a, or at | east
an end portion, of the cable, is engaged with the
fastener menmber 120.

In this exanple, the fastener nenber 120 conprises a
plurality of screws 121 for securing the end 22a of the
first cable 22 to the body 110.

The fastener nenber al so has a passage 123 arranged
in continuity with the duct 122 in which the end 22a of
the first cable 22 is inserted.

Wth reference to Figure 5, it can be seen that the
fastener portion 106 has a plate 107 with a central
openi ng 109, the body 110 extending through said central
opening 109. This central opening 109 presents a cross-
section that is substantially circular.
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The first connection device 100 al so has a first
inclinoneter 32 that is fastened to the body 110.

More precisely, in accordance with the invention,
the first inclinoneter 32 and the end 22a of the first
cable 22 are fastened to the body 110 on opposite sides
of the swivel link 112.

In this exanple, the swivel link 112 has a center O
and it is constituted by a first pivot link 140 having a
pivot axis | extending transversely to the |ongitudinal
direction X of the duct 122. This first pivot |ink 140,
visible in Figure 5, is associated with a second pivot
link 142 that presents a second pivot axis J
perpendi cular to the first pivot axis |I and |ikew se
per pendi cular to the longitudinal direction X of the duct
122. The pivot axes | and J intersect at the center O of
t he swivel |ink.

By nmeans of the swivel link 112, the assenbly
constituted by the body 110 and the first inclinoneter 32
can swivel relative to the support 102.

Furthernore, the body 110 has a first end 110a
carrying the first inclinometer 32. In this exanple, the
first inclinometer 32 is fastened to a support 33. The
support 33 is itself connected to novable el enent 143 of
the swivel link 140, this novable element 143 itself
being fastened to a rod 111 of the body 110. This rod
111 is secured to the fastener menber 120, which is
itself secured to the tube 121.

The body 110 al so has a second end 110b renote from
the first end 110a. This second end 110b is situated at
the end of the tube 121 renpte fromthe fastener nenber
120. The support 102 al so has a guide portion 150 that
surrounds the second end 110b of the body 110. This
gui de portion 150 includes an annul ar el enent 152 of axis
C passing through the center O of the sw vel |ink.

This annul ar el ement 152 is connected to the plate
107 by junction elements 154.
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The frame al so presents a |ongitudinal direction L
and the axis C of the annular elenment 152 is parallel to
the longitudinal direction L of the franme, as shown in
Fi gure 6.

Wth reference once nore to Figure 5, it can be seen
that the body 110 has a disk 160 that is installed at the
end of the tube 121, the disk 160 including a channel 162
in communication with the duct 122, and an outlet orifice
164 of frustoconical shape |eading to the outside.

It can al so be understood that the annul ar el ement
152 serves to limt angular novenent about the center O
of the swivel link, and in this exanple the angul ar
novenent as seen fromthe vertex O of a cone lies in the
range 5° to 9°, and is preferably about 7° or 8°.

Wth reference once nore to Figure 5, it can be seen
that the first connection device 100 has a housing 170
containing the swivel link 112, and a sealing bellows 172
that is arranged between the housing and the body 110 in
order to protect the elenments constituting the sw ve
[ink 112.

In this element, the center of gravity G of the
assenbly constituted by the first connection device 100
and the first inclinometer 32 is situated at the sw vel
link 112, in the proximty of the center O of said sw vel
link. By nmeans of this provision, the connection device
does not inpede novenent of the cable 22, thus naking it
possible to obtain verticality neasurenents that are very
accur at e.

Wth reference to Figure 6, it can be seen that the
frame is provided with the first connection device 100 as
descri bed above and with a second connection device 100,
identical to the first connection device 100. As
expl ai ned above, the plates of the first and second
connection devices 100 and 100" are fastened to the frane
12.
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CLAIMS
1. Adrilling rig for cutting a vertical trench from a
surface of a ground, the rig comprising:

- a frame having a top portion secured to a carrying
device for carrying the frame; and

- a verticality measurement device comprising at
least a Tirst cable and at least a first inclinometer,
one end of the first cable being connected to the top
portion of the frame and to the first inclinometer;

wherein the drilling rig further comprises at least
one first connection device comprising:

- a support fastened to the frame; and

- a body connected to the support via a swivel
link;

and wherein the first inclinometer and the first
cable are fastened to the body while being arranged on
opposite sides of the swivel link.

2. The drilling rig according to claim 1, wherein the
body includes a fastener member for holding the end of
the first cable.

3. The drilling rig according to claim 1 or claim 2,
wherein the body is provided with a duct 1i1nto which the
first cable is iInserted.

4. The drilling rig according to any preceding claim,
wherein the support includes a fastener portion for
fastening the support to the frame, and wherein said
fastener portion is arranged between the end of the first
cable and the swivel link.

5. The drilling rig according to claim 4, wherein the
fastener portion includes a plate having a central
opening, and wherein the body extends through the central
opening.
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6. The drilling rig according to any preceding claim,
wherein the body 1includes a first end carrying the
first inclinometer and a second end remote from the
first end, and wherein the support includes a guide
portion surrounding the second end of the body.

7. The drilling rig according to claim 6, wherein the
guide portion includes an annular element with an axis
passing through the swivel link.

8. The drilling rig according to claim 7, wherein the
frame presents a longitudinal direction, and wherein the
axis of the annular element is parallel to the
longitudinal direction of the frame.

9. The drilling rig according to any preceding claim,
wherein the first connection device includes at least
one housing in which the swivel link 1is arranged, and
at least one sealing bellows arranged between the
housing and the body.

10. The drilling rig according to any preceding claim,
wherein a center of gravity of an assembly constituted
by the body and the first inclinometer is situated iIn
the swivel link.

11. The drilling rig according to any preceding claim,
wherein the frame also includes a bottom portion
provided with an excavator device.

12. A cutter comprising a drilling rig according to any
preceding claim.
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