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DRI LLI NG MACHI NE

Background of the invention

The present invention relates to the field of
drilling in the ground, in particular for constructing
foundations, e.g. such as continuous screens constituted
by j uxtaposed concrete wall el enents.

The invention relates nore precisely to a drilling
machi ne for maki ng excavations in the ground, and nore
particularly in hard soil.

The invention relates in particular to a drilling
machi ne for maki ng an excavation in ground in a drilling
direction that is substantially vertical, said drilling

machi ne conpri si ng:

a support having a longitudinal direction that is
substantially vertical;

a drilling nodule provided with cutter nenbers, the
drilling nodul e being novable in translation relative to
t he support along the longitudinal direction of the
support; and

a novenent device arranged between the support and
the drilling nmodule in order to nove the drilling nodul e
relative to the support along the |ongitudinal direction
of the support.

This type of drilling machine is generally used for
drilling in hard soil, e.g. in granite. The novenent
devi ce serves to exert additional thrust on the drilling

tools, for the purpose of facilitating excavation.
Anot her advantage is to enable the thrust that is exerted
on the cutter nenbers to be steered accurately.

It is known that drilling in hard soil |leads to
vi bration appearing in the drilling nodule, which
vi bration propagates throughout the machi ne and can
damage the structure of the drilling machine. This
applies in particular when the drilling machine is a
mlling machine. The rotary cutter tools are not

permanently in contact with the soil: each tool strikes
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it each time the drumrevol ves through one turn. The sum
of all of those inpacts gives rise to vibration in the
drilling machine. The inpacts becone nore viol ent when
the soil is harder.

bj ect and summary of the invention
An object of the present invention is to remedy the

above-nmenti oned drawbacks by proposing a drilling machine
that is nore robust for drilling in hard soil.

The invention achieves this object by the fact that
t he novenent devi ce includes danper neans for danping the
vi bration generated by the drilling nodule while
drilling.

The vibration generated as a result of the inpacts
to which the cutter nmenbers are subjected during drilling
are thus danped by the danper neans that are arranged
between the drilling nodul e and the support. Thus,
thanks to the invention, the vibration generated by the
drilling nodule is danped and thus affects neither the
cutter menbers nor the support, thereby advantageously
avoi di ng damage to the drilling machi ne.

In the invention, the novenent device perfornms two
functions, one of noving the drilling nodule relative to
t he support, and another of danping the vibration
generated by the cutter nmenbers of the drilling nodul e.

In a first enbodi nent, the novenent device includes
at | east one hydraulic actuator connected to the support
to the drilling nodule, and the danper neans conprise a
hydraul i ¢ danper device in fluid flow connection with the
hydraul i ¢ act uat or.

The hydraulic actuator is advantageously arranged
bet ween the support and the drilling nodule. It serves
firstly to make it possible to nove the drilling nodul e
in translation relative to the support.

It can be understood that in this first enbodi ment,
danping is performed hydraulically, with the hydraulic
danper device. Preferably, but not exclusively, this
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devi ce conprises a spring accunul ator together with at

| east one constriction. In the event of an inpact, the
oil contained in one of the chanmbers of the hydraulic
actuator is conpressed and flows through the constriction
to the spring accunmulator in order to danp the rise in
pressure of the oil, thereby perform ng danping. The

| eakage flow rate through the constriction and the
prestress of the spring of the spring accunul ator are
preferably adjustable renpotely, thereby nmaking it
possi bl e to adjust the danping coefficient and the

resi stance to reverse novenent of the actuators as a
function of the weight that is applied on the cutter
menbers.

In a preferred variant, the drilling nodule has a
bottom section carrying the cutter nenbers, and a top
section that passes longitudinally through said support,
the top section being slidably nounted relative to said
support and presenting a top end connected to the bottom
end of alift cable.

It can thus be understood that the drilling nodul e
is suspended fromthe Iift cable. The lift cable is
preferably actuated using a wi nch connected to a carrier.
More preferably, the top end of the top section projects
beyond the top end of the support.

Preferably, the support is a frame of transverse
di mensi ons considered in a plane perpendicular to the
| ongi tudinal direction that are substantially equal to or
| ess than the transverse dinensions of the drilling
nodul e, and the frame includes an anchor device suitable
for preventing the support fromnoving relative to the
wal | s of the excavati on.

The anchor device serves in particular to prevent
vertical novenent of the drilling machine in the ground.

Thus, in the invention, it is possible to prevent
the frame fromnoving in the ground while controlling the
vertical nmovenent of the drilling nodule by using the
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lift cable. The hydraulic danper device absorbs the
vi bration, which is not transmtted to the frane.

In a second enbodi ment of the invention, the
nmovenent device conprises at | east one hydraulic actuator
that is arranged between the support and the drilling
nodul e, and the danper neans conprise a spring nenber
arranged between the support and the drilling nodule. It
can be understood that the spring nenber is arranged in
parallel with the hydraulic actuator. Preferably, but
not exclusively, the spring nenber is coaxial about the
act uat or.

The spring nmenber preferably conprises a spring.

In a third enbodi nent of the invention, the support
conprises a boom the cutter nmenbers are situated at the
bottom end of a bar of the drilling nodule, and the
novenent device conprises a carriage nmounted on the boom
to be slidable along the Iongitudinal direction of the
boom the carriage co-operating with said bar to nove the
bar together with the drilling nodule along the
| ongi tudinal direction of the boom

The bar, which is traditionally referred to as a
"Kel ly", and the boom are substantially parallel and
extend in a direction that is substantially vertical. It
can be understood that noving the carriage has the effect
of noving the drilling nodule relative to the support.

In particularly advantageous manner, the carriage
i ncl udes t he danmper neans.

Thus, by nmeans of the invention, the vibration
generated by the drilling nmodule is not transmitted to
the boom nor to the carrier vehicle supporting it.

I n an advant ageous variant, the carriage conprises a
first portion slidably nounted on the boom and a second
portion co-operating with the bar, and the danper neans
are arranged between the first and second portions of the
carri age.
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The first and second portions are preferably
slidably nmounted relative to each other along the
| ongi tudi nal direction of the boom

Preferably, the danper neans conprise a spring
menber arranged between the first and second portions of
the carriage. The spring nenber is preferably nade up of
a danper together with a coaxial spring. Alternatively,
t he danper neans conprise a hydraulic danper device of
the sane type as that nentioned above.

Advant ageously, in conbination with any of the
above-descri bed enbodi ments, the drilling nodule further
conprises an anti-sw nging device to prevent horizontal
nmovenent of the drilling nmodule while drilling.

Advant ageously, the anti-sw ngi ng device conpri ses
depl oyabl e pads arranged on the |l ateral sides of the

drilling nmodul e and configured to bear against at |east
one of the walls of the excavation.

An advantage is to prevent the drilling nodul e
swayi ng, thus naking it possible to avoid the drilling

path deviating fromthe desired path, and also to avoid
non-useful novenents of the cutter nenbers.

Advant ageously, the drilling machine further
conprises a device for regulating the danmpi ng coefficient
of the danmper neans. An advantage is to be able to adapt
t he danper neans to the nature of the soil and to the
thrust exerted on the cutter nenbers.

Advant ageously, the drilling machine is a mlling
machi ne having cutter menbers conprising two pairs of
drunms that are rotatable about axes of rotation that are
paral lel, distinct, and perpendicular to the |ongitudinal
direction of the support.

Brief description of the draw ngs
The invention can be better understood on reading

the foll owi ng description of enbodi nents of the invention
given as non-limting exanples and with reference to the
acconpanyi ng draw ngs, in which:
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- Figure 1 shows a first enbodiment of the drilling
machi ne of the invention in which the novenent device
conpri ses hydraulic actuators;

- Figure 2 shows an exanpl e of danper neans for the
Figure 1 novenent device;

- Figures 3A and 3B show a second enbodi ment of the
invention in which the danper neans conprise springs
arranged between the franme and the drilling nodul e; and

- Figures 4A and 4B show a third enbodi nent of the
invention in which the novenent device conprises a
carriage slidably nounted on a boom

Det ai | ed description of the invention

Figure 1 shows a first enbodi nent of the drilling
machi ne 10 of the present invention. The drilling
machi ne 10 is used to nake an excavation E in ground S
along a drilling direction F that is substantially
vertical .

The drilling machine 10 conprises a support 12
having a longitudinal direction L that is substantially
vertical in this exanple. The drilling machine 10 al so
conprises a drilling nodule 14 provided with cutter
menbers 16. In this exanple, the drilling machine 10 is
a mlling machine in which the cutter nmenbers 16 conpri se
two pairs of drums 18, 20 provided with cutter teeth 22,
the two pairs of drunms 18, 20 being nmounted to rotate
about respective axes of rotation A, B that are parallel,
di stinct, and perpendicular to the |longitudinal direction
L of the support 12.

The drilling nmodule 14 conprises a bottom section 24
that carries the cutter nmenbers 16, and in particular the
druns 18, 20. The bottom section 24 further conprises a
punp nodul e 26 that serves to suck up fragnments of
excavated ground in order to discharge themto the
surf ace.

The drilling nmodule 14 al so conprises an anti -
swi ngi ng device 30 for preventing horizontal novenent of
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the drilling nodule 14 while drilling. The anti-sw nging
devi ce conpri ses depl oyabl e pads 32, 34 that are arranged
on the lateral sides 24a, 24b of the bottom section 24 of
the drilling nmodule 14. These depl oyabl e pads are
arranged to co-operate with the walls of the excavation
when they are deployed horizontally. The depl oyabl e pads
32, 34 are actuated by actuators (not shown) arranged in
the bottom section 24 of the drilling nodule 14.

The drilling nmodule 14 al so conprises a top section
40 that extends vertically above the bottom section 24,
the top section 40 in this exanple being in the formof a
bar that passes |longitudinally through the support 12.
In this exanple, the support 12 is a frame that includes
gui de nmenbers 42 in which the top section 40 is slidably
nmounted. It can thus be understood that the top section
40 is nounted to slide relative to the frane 13 in a
direction that is substantially vertical, whereby the

drilling nmodule 14 is novable in translation relative to
t he support 12.

In this first enbodinment, the drilling nodule is
thus novable in translation relative to the support al ong
the drilling nmodule direction F, which is substantially
vertical .

The top section 40 of drilling nodule 14 presents a

top end 40a that projects above the top end 12a of the
support 12, this top end 40a being connected to the
bottomend 50a of a lift cable 50. The lift cable 50 is
connected to the top end of a carrier (not shown) that is
itself known.

The drilling nmodule 10 al so conprises a novenent
device 60 that is arranged between the support 12 and the
drilling nmodule 14 and that serves to nove the drilling
nodul e 14 relative to the support 12 along the
| ongi tudinal direction of the support. In other words,

t he novenent device serves to nove the drilling nodul e
relative to the support along the drilling direction F

which is substantially vertical.
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In the first enbodi nent, the novenent device 60
conprises a pair of hydraulic actuators 62, 64 that
connect the support 12 to the bottom section 24 of the
drilling nmodule 14. It can thus be understood that the
hydraul i c actuators 62, 64 are connected to the support
12 and to the drilling nodule 14 in such a manner that
actuating themenables the drilling nodule to be noved
vertically relative to the support 12.

I n accordance with the invention, the novenent
device 60 further conprises danper nmeans 70 for danping

the vibration generated by the drilling nodule 14 while
drilling.
Figure 2 shows diagrammatically the drilling machine

10 in the first enbodi nent of the invention, together
with the danper neans 70. The danper neans conprise a
hydraul i c danper device 72 that is in fluid flow
connection with the hydraulic actuators 62, 64. 1In this
exanpl e, the danper device conprises a spring accumnul ator
74 and a constriction 77. \When the cutter nenbers 16 are
subj ected to inpacts, the oil contained in the |arge
chanbers 62a, 64a of the hydraulic actuators 62, 64 is
conpressed and flows towards the spring accunul ator 74
t hrough the constriction 77, which thus danps the rise in
pressure in the oil, thereby providing danping. The
danper nmeans 70 further conprise a device 76 for
regul ating the stiffness coefficient of the danper neans,
and nore precisely the stiffness of the spring
accurul ator 74. They al so conprise neans for regulating
the | eakage flow rate through the constriction 77 so as
to regul ate the danpi ng coefficient of the danper neans.
Thus, during an inpact, the vibration generated by the
cutter menbers is not transmitted to the support 12.

I n anot her aspect of the invention, the frame 13
i ncl udes an anchor device 80 that is suitable for
preventing the support 12 fromnoving relative to the
wal I s of the excavation. The anchor device 80 conprises
a plurality of deployabl e anchor pads referenced 82 that
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are configured to bear against the larger faces of the
excavation in order to hold the support 12 stationary in
t he excavati on.

Wth reference to Figures 3A and 3B, there follows a
description of a second enbodi ment of the drilling
machi ne 110 of the invention. Features that are
identical to those of the first enbodi nent are given the
sanme nunerical references plus the value one hundred.
The drilling machine 110 shown in Figure 3A thus
conprises a novenent device 160 connecting the support
112 to the drilling nodule 114. In this exanple, the
drilling nmodule 114 has a platform 115 that supports the
rotary drunms 118, 120. The novenent device 160 has a
pair of actuators 162, 164 that connects the bottom end
112b of the support 112 to the platform 115. Actuating

the hydraulic actuators 162, 164 enables the drilling
nodul e 114 to be noved in translation relative to the
support 112 along the drilling direction F

In this second enbodi nent, the danper neans 170,
clearly visible in Figure 3B, conprise the hydraulic
actuators 162, 164 together with two danper nenbers 163,
165 that are arranged between the support 112 and the
drilling nmodule 114. 1In this exanple, the danper nenbers
163, 165 conprise springs 167, 169 surrounding the
hydraul i ¢ actuators 162, 164.

Associ ating springs 167, 169 with the hydraulic
actuators 162, 164 thus constitutes the danmper neans that
serve to danp the danper neans that have the function of
danpi ng the vibration generated by the drilling nodul e
114 while drilling, and consequently to prevent vibration
being transmtted to the support 212. Wthout going
beyond the anbit of the invention, the springs 167, 169
coul d be arranged beside the hydraulic actuators 162, 164
wi t hout bei ng coaxial about them

Wth reference to Figures 4A and 4B, there follows a
description of a third enbodi nent of the support 210 of
the present invention. Once nore, elenments that are
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identical to those of the first enbodi nent are given the
same nunerical references plus the value of two hundred.
In this third enbodinment, the drilling machine 210 has a
crawl er-tracked carrier 211 to which the support 212 is
fast ened, which support in this exanple is in the form of
a vertically extending | ongitudi nal boom

The cutter nmenbers 216 of the drilling nodule 214
are situated at the bottomend 213a of a |ongitudinal bar
of the drilling nodule, traditionally referred to as a
"Kel l'y".

The novenent device 260 is arranged between the boom
212 and the bar 213 of the drilling nodule 214, and it
serves to nove the drilling nodule 214 relative to the
boom 212 in the longitudinal direction L of the boom To
do this, the novenent device 260 conprises a carriage
271, better seen in Figure 4B, that is nmounted on the
boom 212 so as to be slidable along the |ongitudinal
direction L of the boom The carriage 271 co-operates
with the bar 213 to nove the drilling nodule 214 al ong
the |l ongi tudinal direction of the boom In this exanple,
the carriage 271 includes a securing device that enables
the bar 213 to be secured to said carriage 271 so that
nmoving the carriage 271 al ong the |ongitudinal direction
L of the boom 212 gives rise to the drilling nodule 214
nmovi ng together therewith along the drilling direction.
The carriage 271 is noved up and down in this exanple by
a novenment nenber 273 conprising cables 275 and 277 that
are fastened to opposite ends of the carriage 271.

It can be understood that the carriage 271 is noved
towards the top and bottom ends of the boom 212 by
exerting traction on the cables 275 and 277, which cabl es
are actuated by one or nore w nches (not shown) arranged
on the carrier, such wi nches thensel ves being well known.

The carriage 271 has a first portion 281 that is
fastened to the boom 212 in slidable manner, the first
portion 281 being connected to the end of the cable 275.
The carriage 271 al so has a second portion 283 that



10

15

20

25

11

carries the bar 213 while being nounted to slide relative
to the first portion of the carriage along the
| ongi tudinal direction of the bar 213.

In the invention, the novenent device 260 further
conpri ses danper neans 270 for danping the vibration
generated by the drilling nodule 214 while drilling. The
danper nmeans 210 are arranged between the first and
second portions 281, 283 of the carriage 271. It can be
understood that in this second enbodinent, it is the
carriage 271 of the novenent device 260 that conprises
t he danper neans 270.

In this exanple, the danper neans 270 constitute in
this exanpl e a suspension conprising one or nore
hydraul i ¢ danpers 262 connecting the first portion 281 to
t he second portion 283 of the carriage 271, these danpers
bei ng associated in parallel with springs 263.

It can be understood that during drilling the
vi bration generated by the cutter menbers 216 is
transmtted along the bar 213 to the second portion 283
so as subsequently to be absorbed by the danper neans
270, such that the vibration is not transmtted to the
first portion 281 or to the boom 212. Wthout going
beyond the anbit of the invention, the springs 263 could
be arranged besi de the danpers 262 w thout being axi al
t her eabout .
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CLAI M5

1. Adrilling machine (10, 110, 210) for meking an
excavation in ground (S) in adrilling direction (F) that
is substantially vertical, said drilling machine (10,

110, 210) conpri sing:

a support (12, 112, 212) having a | ongitudi nal
direction (L);

a drilling nodule (14, 114, 214) provided with
cutter menbers (16, 116, 216), the drilling nodul e being
novable in translation relative to the support (12, 112,
212) along the longitudinal direction (L) of the support;
and

a novenent device (60, 160, 260) arranged between
t he support (12, 112, 212) and the drilling nmodul e (14,
114, 214) in order to nove the drilling nodule (14, 114,
214) relative to the support (12, 112, 212) along the
| ongi tudinal direction (L) of the support;

characterized in that the novenent device (60, 160,
260) includes danper neans (70, 170, 270) for danping the
vi bration generated by the drilling nodule (14, 114, 214)
while drilling.

2. Adrilling machine according to claim1, wherein the
nmovenent device (60, 260) includes at |east one hydraulic
actuator (62, 64, 262) connecting the support to the
drilling nodul e, and wherein the danper neans conprise a
hydraul i ¢ danper device (72, 272) in fluid flow
connection with the hydraulic actuator (62, 64; 262).

3. Adrilling nmachine according to any preceding claim
wherein the drilling nodule (14) has a bottom section
(24) carrying the cutter nenbers (16), and a top section
(40) that passes longitudinally through said support
(12), the top section (40) being slidably nounted
relative to said support (12) and presenting a top end
(40a) connected to the bottomend (50a) of a lift cable
(50).
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4. A drilling machine (110) according to claim3, wherein
the support is a franme (13), the transverse di nensi ons of
whi ch, considered in a plane perpendicular to the

| ongi tudinal direction,are substantially equal to or |ess
than the transverse dinmensions of the drilling nodul e,
and wherein said frame includes an anchor device (80)
suitable for preventing the frame (13) from noving
relative to the walls of the excavation.

5. Adrilling machine (110) according to claim1, wherein
t he novenent device conprises at |east one hydraulic
actuator that is arranged between the support and the
drilling nodul e, and wherein the danper nmeans (170)
conprise a spring nmenber arranged between the support
(112) and the drilling nodule (114).

6. Adrilling machine according to claimb5, wherein the
spring nmenber (163, 165) conprises a spring (167, 169).

7. Adrilling machine (210) according to claim1, wherein
t he support conprises a boom (212), wherein the cutter
menbers are situated at the bottomend (213a) of a bar
(213) of the drilling nodule, and wherein the novenent
devi ce (260) conprises a carriage (271) nmounted on the
boom (212) to be slidable along the |ongitudinal
direction (L) of the boom (212), the carriage (271) co-
operating with said bar (213) to nove the drilling nodule
(214) along the longitudinal direction of the boom

8. Adrilling machine according to claim?7, wherein the
carriage (271) includes the danper neans (270).

9. Adrilling nmachine (210) according to claim8, wherein
the carriage (271) conprises a first portion (281)
slidably mounted on the boom (213), a second portion
(283) co-operating with the bar (213), and wherein the
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danper neans (270) are arranged between the first and
second portions (281, 283) of the carriage (271).

10. A drilling machine according to claim9, wherein the
danper nmeans (270) conprise a hydraulic actuator (262)
coupled to a hydraulic danper device (272).

11. A drilling machi ne according to any preceding claim
wherein the drilling nodule (14) further conprises an
anti-swi nging device (30) to prevent horizontal novenent
of the drilling nodule (14) while drilling.

12. A drilling nmachine according to claim 11, wherein the
anti-sw ngi ng device (30) conprises depl oyabl e pads (32,
34) arranged on the lateral sides (24a, 24b) of the
drilling nmodul e and arranged to co-operate with the walls
of the excavati on.

13. A drilling machi ne according to any preceding claim
characterized in that it further conprises a device (76)
for regul ating the danpi ng coefficient of the danper
means (70).

14. A drilling machine (10, 110, 210) according to any
preceding claim wherein the drilling machine (10, 110,
210) is a mlling machi ne having cutter nenbers (16, 116,
216) conprising two pairs of druns that are rotatable
about axes of rotation (A B) that are parallel,

di stinct, and perpendicular to the |ongitudinal direction
(L) of the support (12, 112, 212).



