1 DRILLING TOOL The present invention relates to a drilling tool,
particularly but not exclusively for nmaking walls in the soil as obtained
by m xing the cut soil with an 5 additional binder. Soi |l m xing

t echni ques whereby drilled ground is nmixdd in situ with a hydraulic binder
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15 A new type of machine has been in existence for

several years that makes it possible to make rectangular
foundation elements out of soil cement, i.e. by mixing a
hydraulic binder with the soil that has been dug so as to
make a portion of a trench, while also mixing the

20 mixture. This operation is referred in the present
patent application by the term "digging a trench while
mixing cuttings with another material".

Naturally, the mixture must be left in place in the

trench that is being made so as to end up with a wall in

25 the soil that results from the mixture of cut soil and
hydraulic binder setting, which wall has its shape
defined by the shape of the trench.

A machine of this type is described for example in

patent applications US 2005/0000123 and US 2004/0234345.

30 That machine is constituted essentially by two pairs
of cutters mounted on a support structure. Each pair of
cutters is connected to a hydraulic motor. The motors
are housed in a relatively bulky box located above the
cutters.

35 When the motor is mounted in a bulky box, the
drawback presented by the machine consists in the box in
which the motors are housed presenting a relatively large



2 apparent area. The presence of this box of large dinensions interferes
considerably with raising the tool after it has perfornmed the m xing, since
t he box needs to "barge through” the m xed naterial constituted by soil 5
cuttings and hydraulic binder. In some circunmstances, while the machine is
bei ng raised, the presence of this box can lead to the nmachi ne becom ng
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Furthermore, since the two pairs of cutters are
driven by the same motor, all of the cutters rotate at
the same speed. Unfortunately, it can sometimes be
advantageous to be able to give each pair of cutters a

20 different speed of rotation, in particular to correct
departures from the vertical while digging the trench.
In addition, the power from the motor is shared between
the two pairs of cutters providing operation is normal.
However, if one pair of cutters becomes blocked, then all

25 of the power from the motor must be absorbed by the other
pair of cutters. That requires the system to be
dimensioned mechanically so as to be able to accommodate
this situation.

Excavator machines are also known for making

30 trenches in the soil. Such machines are usually
constituted by two pairs of rotary cutters mounted at the
bottom end of a structure of large dimensions. The top
end of the structure is secured to support means that are
generally constituted by cables.

35 In horizontal section, the structure of the machine
is generally rectangular in shape with dimensions
substantially equal to the overall dimensions of the



substantially equal to the overall dinensions of the 3 pairs of cutters.
Thus, the dinmensions of the right section of the structure are
substantially equal to the dinmensions of the horizontal section of the
portion of trench that the nachine can di39 as it nmoves downwards. 5Thus,
the walls of the structure are substantially in contact with the walls of
the portion of trench being dug, thereby ensuring that the machine is
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via a suction tube having its inlet disposed between the
walls of the cutters beneath the structure.

It is clear that such an excavator machine is
totally incapable of mixing the cut soil with the

15 hydraulic binder, so that the mixture is left in place in
the portion of trench being dug in order to make the wall
in the soil.

Documents EP 0 262 050 and GB 1 430 617 describe
such a machine.

20 An object of the present invention is to provide a
drilling tool of this type that avoids the two above-
mentioned drawbacks.

To achieve this object, the invention provides a
drilling tool that comprises:

25 - two pairs of rotary drums in axial alignment on
parallel axes, each drum being fitted with a cutter;

- motor means for driving rotation of said drums;
support means; and
- a support structure on which said drums are

30 mounted to rotate and serving to connect said drums to

the support means;
said tool being characterized in that:
- said motor means are mounted inside the drums; and
- said support structure comprises:

35 - a plate that is substantially orthogonal to
the axes of rotation of the drums, the bottom ends of

said plate forming bearings for said drums, said plate



a support structure on which said drunms are 30 nounted to rotate and
serving to connect said druns to the support neans; said tool being
characterized in that: said notor means are nmounted inside the druns; and
sai d support structure conprises: 35 a pfate that is substantially
orthogonal to the axes of rotation of the druns, the bottom ends of said
plate form ng bearings for said druns, said plate 4 having constant
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while mixing cuttings with another material.
It will be understood, that since the motors driving
the cutters are disposed inside the cutters, the tool
does not have a box containing the motor or bulky
15 transmission systems. Furthermore, each motor can be
contrclled independently to give each pair of cutters a
different speed of rotation. Since there is no box above
the cutters of the tool, it can be understood that
raising the tool through the mixture of drilling cuttings
20 and hydraulic binder is made considerably easier. This
is made easier still by the particular shape of the
support structure having only an edge that is in a
position to oppose the drilling tool being raised, and
this edge has dimensions that are small and a shape that
25 is appropriate.
Preferably, the motors are hydraulic motors and the
tool further includes sets of pipes for powering said
motors, which pipes are constituted by holes in the
thickness of the plate of the support structure. Thus,
30 these power pipes are located entirely within the plate
and cannot oppose the tool being raised after the trench
has been dug and the drilling cuttings mixed with the
hydraulic binder.
Also preferably, the top edge face of the plate of
35 the support means is chamfered. This further facilitates
raising the drilling tool through the mixture of drilling
cuttings and hydraulic binder.



I's made easier still by the particular shape of the support structure
having only an edge that is in a position to oppose the drilling tool being
rai sed, and this edge has dinensions that are small and a shape that 25 is
appropriate. Preferably, the notors are ﬁydraullc notors and the tool
further includes sets of pipes for powering said notors, which pipes are
constituted by holes in the thickness of the plate of the support
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pair of cutters, and the width of the section of the
15 guide beam is less than one-third the overall size of the
two pairs of cutters in the horizontal direction
perpendicular to said axis of rotation.
Other characteristics and advantages of the
invention appear better on reading the following
20 description of embodiments of the invention given by way
of non-limiting example. The description refers to the
accompanying figures, in which:
- Figure 1 is an elevation view of a drilling
installation using the drilling tool of the invention;
25 - Figure 2 is a perspective view of the drilling
tool with its guide bar;
- Figure 3 is an elevation view of the drilling tool
assembly;
- Figure 4 is a partially phantom plan view of the
30 drilling tool; and
- Figure 5 is a perspective view of the support
means for the cutters of the drilling tool.
Figure 1 shows a drilling machine using the drilling
tool in accordance with the invention. The tool 12 is
35 guided in the trench by a guide beam 14 of constant
profile and preferably of rectangular right section. The
tool 12 is fastened to the bottom end 14a of the beam.



Q her characteristics and advantages of the invention appear better on
reading the follow ng 20 description of enbodinents of the invention given
by way of non-limting exanple. The description refers to the acconpanying

figures, in which: Figure 1 is anbel evation view of a drilling
installation using the drilling tool of the invention; 25 Figure 2 is a
perspective view of the drilling tool with its guide bar; Figure 3
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' 10 ' It will be understood that by causing the guide beam
14 to move upwards and downwards, the tool 12 is caused
to move vertically in the soil so as to make a panel of a
trench by drilling the soil and mixing the drilling
cuttings with the hydraulic binder.
15 Figure 2 shows the guide beam 14 with the drilling
tool proper 12 secured to its bottom end l4a. The
drilling tool is constituted by two pairs of cutters 26 &
28 and 30 & 32, with the cutters in a given pair being on
a common axis and with the axes of rotation of the
20 cutters being parallel and substantially horizontal in
use. As explained below, according to an essential
characteristic of the invention, the motors for driving
rotation of the cutters 26 to 32 are disposed inside the
cutters themselves, thereby avoiding any need to provide
25 an external motor for driving the cutters.
More precisely, the pairs of cutters 26 to 32 are
connected to the bottom end 14a of the guide bar by a
support structure given overall reference 34. 1In a
variant, the support structure 34 may be fitted with
30 scraper systems 36 that serve, when the soil is sticky,
to remove the soil that adheres to the cutters between
their teeth 38.
With reference now to Figure 5, there follows a
description in greater detail of the support structure 34
35 of the tool. The support structure 34 is constituted
firstly by a plate 40 that, in the particular embodiment
described, consists of two half-plates 42 and 44



The mast is supported by a tracked vehicle 22 having installed thereon a
system 24 for generating hydraulic power. 10It will be understood that by
causi ng the gui de beam 14 to nove upwards and downwards, the tool 12 is
caused to nove vertically in the soil so7as to nmake a panel of a trench by
drilling the soil and mxing the drilling cuttings with the hydraulic

bi nder. 15Figure 2 shows the guide beam 14 with the drilling tool proper 12
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descri bed, consists of “t half Iates 42 and 44 7 interconnect
trlangular 5ér 5% coﬁ%e£ﬁ¥ ihogonal to the two half-plates

42 and 44 and that serve firstly for mounting the
hydraulic motors and secondly for guiding rotation of the
15 drum on which the cutters proper are mounted.

As is well known, the guide bar 48a, in horizontal
right-section, is of dimensions that are very small
compared with those of the drilling tool 12 and thus
compared with those of the drilling performed by the

20 tool.

More precisely, the depth /' of the pad 48 (see
Figure 5) is less than half the length H of the axis of a
pair of cutters 26 to 32 (see Figure 4). The width ¢ of
the pad 48 (see Figure 5) is less than one-third of the

25 length L of the drilling tool 12 (see Figure 4), where
"length" designates its maximum dimension in a horizontal
plane.

Preferably, the top edge face 44b, 42b of each half-
plate presents a first portion 44c, 42c that is

30 substantially horizontal and short in length followed by
a downwardly-sloping portion 444, 42d, thereby
constituting the sides of a triangle of apex that would
be disposed towards the pad 48. Also preferably, the
edge faces 42b, 44b of the half-plates 42 and 44 are

35 chamfered, as can be seen more clearly in Figure 4.

More generally, the top edge face of the plate 40 is
of a shape that makes it easier to raise the drilling



hal f-plates 42 and 44 to a nmounting pad 48 used for securing the support
structure 34 to the bottomend 14a of the guide beam The pad 48 is
naturally substantially 5 horizontal and thus orthogonal relative to the
hal f-pl ates 42 and 44. As shown in the fBgures, the nounting pad has
substantially the sane di nensions as the horizontal right-section of the
gui de portion 14. The bottom ends 44a, 42a of the half-plates are fitted on
10 each of teelr thaeaghyithe prixting abaxitlsail iamdt igalrduisiv ngsndd 52

and 54, 56, cHBaGSq DUSHBINAUG PIRS thedbnand Y. Y that are orthogonal to
the two hal f-plates 42 and 44 and that serve firstly for nounting the

hydraul i ¢ not or s 2&n @ LFEaGWdMETGongs it mAtarorf T e’ T8I drum on whi ch
the cuttersrpteRaoniid MRS Iarqide fdraLy RIS 0& Bsedi8a, in

hori zontal rJjght-section, is of dinensions that are very small conpared
with thdse E’P es&r:;h' Rt ioden anffsand:hcemﬁo'*ﬁﬁnér‘b‘di vﬁ%erﬁi HARS AL he
drilling pecbostadutred hy 20tles such as\gse alﬁfdecﬂ'(ﬁedadef tjhﬁ tept h t;c of the
pad 48 (see_ Ei ) ss _thai f t e H the axis of_a pair
of cutters Eg&%%%lgfé( §£ tllgl%gzlraeﬁi .1 e vé%ta}{lc?q%? tﬁg“epartf%é”ti%eo%l gure
5) is | ess thenpdpest B8, d66f oplem 28t dmgtch dridfiddse sirdH lang2 adatl2 (see

Fi 4), s th" | | | i | } zont al
bl Sne. Vv MRE EornEaDiR cES PR fdi° THISBITAY THE dihed o M
present® a PPr&P p5f: Powexrs&ludg: fisest nipesp halstana ilMaatesriinzdieal and

short in | eggtidef bhlrowaqd by a downwardl y-sl opi ng portion 44d, 42d, thereby

constituting the_sides of a triangle of apex that woul.d he disposed towards
the pad 48. Al soUBfigfeFQBlleyflltrﬁémg cleiceé“;{"@zb,t FO tife HAFWpl ates 42
and 44 are 8&rehenf eyetiemsas 36aariee fastenad orcledatar igidd @ff ek More

generally, LBAclgP €498nbA9e-0hathe R 3 R iRl ARG WAL mekes it
Ee r?'P I nNg

easier_to raiset }
15 These scraper systems 36 comprise scrapers such as 64

that are interleaved between the rows of teeth 38, 38°',
38" of the cutters so as to remove the soil that might
adhere to the cutters between these teeth.
It should be observed that the scraper systems 36
20 present a profile that makes it easier to raise the
drilling tool through the mixture of drilling cuttings
and hydraulic binder.
Figure 4 shows the cutters 30 to 36 mounted on the
bushings 50 to 56. Firstly there can be seen the
25 hydraulic motors such as 70, which motors are fastened
within the bushings 50 to 56. The outlet shafts from the
motors 70 are connected mechanically in rotation and in
translation to drums such as 72 having the cutters 30 to
36 together with their teeth 38, 38', and 38" mounted
30 thereon. The ends of the hydraulic fluid feed pipes 58
and 60 are connected by any suitable means to the system
for feeding power to the hydraulic motors 70.
It will be understood that when it is desirable to
raise a drilling tool that is in a trench that is filled
35 with a mixture of drilling cuttings and hydraulic binder,
the only portions of the tool that oppose this upward
movement are those constituted by the support plate 40



tool through the m xture of cut soil and hydraulic binder that is contained
in the trench. As already nentioned, the notors for driving rotation
of the cutters are preferably hydraulic notors. 5 Under such circunstances,
the power fluid feed pipes are constitut®d by holes such as 58 and 60 nade
in the thickness of the half-plates 42 and 44. The top ends of the pipes
58, 60 open out into orifices such as 62 that are forned in the pad 48 for
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38', and 383x@mupiredgd@ ihereon. The ends of the hydraulic fluid feed pipes
58 and 60 are con%ected_by any suitable neans to the system for, feeding

power to the hydtZuFPesisesasisg is now gigen 4o thels R tHdtevnen it
i s desirabl a0t oitsi 3eng dimenisignt del 2004 rins drd d dg afitickads i #d 1 1 ed 35

of the tool SHRAY 5060 i < HARAARIT B untie dAs ttiste FARRT (A0S by the
suppor L5pl arectgngglar in shape with sides having dimensions of
600 mm and 300 mm. It will be understood that during
upward movement, the fastener plate 48 does not
constitute an obstacle to such movement since it is in
line with the guide bar 14. Consequently, a length of
20 only 1600 mm of the support plate 40 needs to be taken
into consideration. Thus, the area opposing upward
movement is 1600 mm X 60 mm = 96,000 square millimeters
(mm2) . This section should be compared with the
horizontal projection of the tool assembly, which
25 projection presents an area equal to 2800 mm X 800 mm,
which is more than 2 million mm?. The area opposing
upward movement is thus less than 5% of the area of the
tool. During upward movement, the cutters are caused to
rotate and therefore do not oppose such movement. When a
30 cutting tool is fitted with pairs of cutters having axes
that present a width of 500 mm, this ratio is slightly
less than 10%. In general, the ratio between the areas
is preferably less than 10%.
More generally, and preferably, the thickness e of
35 the support plate 40 is less than 15% of the width H of
the tool in the direction of the axes of rotation X, X'
and Y, Y'. More preferably, the ratio is no greater than



and possibly by the scraper systens 36. The pad 48 is located in line with
the guide bar 14 and therefore does not constitute an obstacle to raising

the drilling tool. The half-plates 42 and 44 are of small thickness and 5
they have top edges 44b, 42b of profile that facilitates raising the tool,
as expl ai ned above. In a particular enbodinent, the drilling tool

presents a width Hin the direction of the axes of rotation X, X and Y, Y
that is equaif%o SGusivaluetfes ule (nayiandependsgoh thendimendiosstion
orthogonal tg¥ thesewdesrLf 2800 MRger the! %ugggfég%gé! Qxﬂai%ego%g' ven to
t he support plate 40, its long dinension 1s 2200 nmand_its thickness e is
equal to 60 1Ffathdadiade ¢ hThedrewes prenindsthe pkatectdnhavarain

shgpe \t/vitg ?iid?mmwmmémdsdpr@o qﬁ?w?han}ﬁa?iﬁoara'aktté4§iughree t
under s at dur.ing upward nov nt, e _fastener ate oes no
const i tge eot?gt"’atc‘? g’ﬁ%% ok ﬁE’éeﬁl?tli‘saPa IRn@TARENEPhe gui de
bar 14. Consedueeritt possidrgtto gravidal indébaImidedts hehevppar topl ate 40
needs to be j C i ation. Thus, the area opposing upward
novenent iSF%%%%Hﬁgfﬁﬁgb%%ﬁ#g%gB,000 square millineters (m®R). This section
shoul d be conpared with the horizontal projection of the tool assenbly,

whi ch 25 projection presents an area equal to 2800 nmx 800 nmm which is
nore than 2 mllion nm®2. The area opposing upward novenent is thus |ess
than 5% of the area of the tool. During upward novenent, the cutters are
caused to rotate and therefore do not oppose such novenent. Wen a 30
cutting tool is fitted with pairs of cutters having axes that present a
width of 500 nm this ratio is slightly less than 10% In general, the
rati o between the areas is preferably |ess than 10% Mre generally, and
preferably, the thickness e of 35 the support plate 40 is | ess than 15% of
the width Hof the tool in the direction of the axes of rotation X, X and
Y, Y. Mre preferably, the ratio is no greater than 10 10% This val ue
for the ratio depends on the dinensions of the cutters. The larger the
cutters, the smaller the ratio can be nade. The neans form ng the plate 40
have a m ni num thi ckness of 50 nmto 60 nmin order to ensure



5 the plate presents sufficient strength and in order to nmake it possible
to provide internal ducts therein for powering the notors. 11 CLAIMS 5
CLAIMS 1. Atool for drilling and m xing cuttings with another material,
the tool conprising: two pairs of rotarydruns in axial alignment on
paral |l el axes, each drumbeing fitted with a cutter for 10 drilling and
m xi ng the cuttings wth another material; notor nmeans for driving

rotation of said drums, said nptor neans bqﬁgﬁgﬁgunted i nside the druns;
support neans of horizontal section with di ns that are snmall conpared

with the drilling 15 being perforned; and a support structure on which
said druns are nounted to rotate and serving to connect said druns to the

support neans; said support structure conprising: 20 a plate that is
substantially orthogonal to the axes of rotation of the druns, the bottom

ends of 8Sai dCphamg form ng bearings for said druns, said plate having

const ant thlikngs§oéga% IS Veii snallc%glatlve to the | engt h of the axes of

rotation of a°pai gt §rilling 2nd, migting i tfdaasommidd enatihexct |y to

t he bottom emdtetiadi dtheppooil nsempa:mdlgf :astened to the top end of the

plate, the top edge.fgc t te C nectlng sai p d to the
‘Mslhgv?Ls ge %8% g} q LAEERGQbn with

beari ng-form ng neans
the small t hP%’Rﬂ%!a@l ofxefe secpl dtrgm baemg flgméd mmﬁ Y eRitRlr tfer ai se

the toolothr@upiihg shatHigink eHE! LR9T 1 ARd %HQ%F%HO%%%&IH%terlaI

+ motor means for driving rotation of said drums,
said motor means being mounted inside the drums;

* support means of horizontal section with
dimensions that are small compared with the drilling

15 being performed; and

* a support structure on which said drums are
mounted to rotate and serving to connect said drums to
the support means;

said support structure comprising:

20 - a plate that is substantially orthogonal to the
axes of rotation of the drums, the bottom ends of said
plate forming bearings for said drums, said plate having
constant thickness that is very small relative to the
length of the axes of rotation of a pair of cutters; and

25 * a mounting pad connected directly to the bottom
end of said support means and fastened to the top end of
the plate, the top edge face of the plate connecting said
pad to the bearing-forming means having a special shape
so that, in association with the small thickness of the

30 plate, it is significantly easier to raise the tool
through the mixture of cuttings and another material.

2. A tool according to claim 1, characterized in that
said motors are hydraulic motors and in that the tool

35 further includes sets of pipes for powering said motors,
which pipes are constituted by holes formed in the
thickness of said plate.



2. Atool according to claim1, characterized in that said notors are
hydraulic nmotors and in that the tool 35 further includes sets of pipes for
powering said notors, which pipes are constituted by holes forned in the

t hi ckness of said plate. 12 3. A tool aggprding to claim1l1 or claim 2,
characterized in that the support neans conprise a guide beamhaving its
bottom end secured to said nmounting pad. 5 4. A tool according to claim 3,
characterized in that the horizontal right section of the guide portion has

substantiaII% the same di nensions as said nounting pad. 10 5. A tool
accor di ng t o3cl & foPloacgoxiding tehaladimerl zed dlainha, tdteariaidrided of

sai d nounti ngnpaghaitn ' | . I rs qf cutters is
2lth thiee o 4 Sibils Féb‘r'rg?éﬁgssepg rgt“{)fdegﬁtﬁaél} Q}avm in that

| ess than half tQF | engt h of an axis )
the width (t)C8f POLteMSHk SeguFad it |sads mountdmamad.hird the |ength (L)
of the dbilling tool in the horizontal direction orthogonal to the

direction of ,th xes of the.pairs of cqutters, 6. A tool according to
any one of cfai ?r\sﬁfoﬁ'oagf:ofélg‘ﬁarté’cf&@i%&'i Fharacterized Hey thatprtihees
neans for inherizaytalhydghtl sectioteofi the gvddeidortion’ had t 0ol

In that, the top edge

of “eaid ol ot SoPECABEIALLG BhEP shpk®dincRISLAT B BRSd, Ranpting ol ai M. 1
to'7i chaLagéeigzed ig tgat ;heithickness ?f ghe plgtftissless ghag ggZ?of
gggorgpﬁ% ;o.éng gﬁglo?eg?gﬁngg}??oegéagﬁgrégtg}?;gdurn%%ﬁgﬁcfﬁgu &4 edge
face of sald&%l ?@t the depth (¢') of said mounting pad in the

direction of the axes of the pairs of cutters is less

than half the length (H) of an axis of a pair of cutters,

and in that the width (¢) of said mounting pad is less

15 than one-third the length (L) of the drilling tool in the
horizontal direction orthogonal to the direction of the

axes of the pairs of cutters.

6. A tool according to any one of claims 1 to S,
20 characterized in that it further comprises means for
injecting a hydraulic binder into the soil.

7. A tool according to any one of claims 1 to 6,
characterized in that the top edge of said plate is
25 chamfered.

8. A tool according to any one of claims 1 to 7,

characterized in that the thickness of the plate is less

than 15% of the length of the axis of rotation of a pair
30 of cutters.

9. A tool according to any one of claims 1 to 8,
characterized in that the top edge face of said plate
connecting the bottom ends of the plate to said fastener

35 plate includes portions forming two sides of a triangle
having its apex located towards said pad.



connecting the bottomends of the plate to said fastener 35 plate includes
portions formng two sides of a triangle having its apex | ocated towards
said pad. 13 10. A tool according to any one of clains 1 to 9,
characterized in that, in projection ont33a pl ane parallel to the axes of
rotation of the cutters, the area of said plate is no greater than 10% of
the area of the 5 pairs of cutters. 11. A tool according to any one of

Chan 10% of th: Poerd' SPchEginl ¥l odd F SR 1 ol it or s
characterized in that, in projection onto a plane
parallel to the axes of rotation of the cutters, the area
of said plate is no greater than 10% of the area of the
5 pairs of cutters.

11. A tool according to any one of claims 1 to 10,

characterized in that the thickness of the plate is less

than 10% of the length of the axis of rotation of a pair
10 of cutters. ‘



