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. Soil mxing techniques
whereby drilled ground is mxed in situ with a hydraulic binder are
nowadays commonly used for inproving substructures. The tools used
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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



9 apparent area. The presence of this box of |arge 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 nmaterial constituted by soil 5
cuttings and hydraulic binder. In sone circunstances, while the machine is
bei ng raised, the presence of this box can lead to the nmachi ne becom ng
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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
dimengsioned mechanically so as to be able to accommodate
this gituation.
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
ig 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 of3the horizontal section of the
portion of trench that the nmachine can dig as it noves downwards. 5Thus,
the walls of the structure are substantially in contact with the walls of
the portion afairsenth dwitegsdugThtuherigdby dimsamsingst hat thaergichi ne i s
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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 neanssare nounted inside the druns; and
sai d support structure conprises: 35a plate that is substantially
orthogonal to the axes of rotation of the druns, the bottomends of said
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i5 transmission systems. Furthermore, each motor can be
controlled 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.



Preferably, the notors are hydraulic notors and the tool further includes
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Also preferably, the thickness of the guide beam in
the direction of the axes of rotation of the cutters is
less that half the length of the axis of rotation of a
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 1l4a of the beam.



pair of cutters, and the width of the section of the 15 guide beamis |ess
than one-third the overall size of the two pairs of cutters in the
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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 l4a of the guide bar by a
support structure given overall reference 34. In 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,

wWith 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 gui de beam 14 serves to transmt thrust forces and traction forces to
the tool 12. It also serves to protect the pipes feeding the tool with
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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 teol 12 and thus
compared with those 0of the drilling performed by the

20 tool.

More precisely, the depth ' of the pad 48 (see
Figure %) 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 44d, 424, 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



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
particul ar enbodi ment described, consistgs of two half-plates 42 and 44

i nterconnected by a triangular part 46 connecting the two half-plates 42
and 44 to a nounting pad 48 used for securing the support structure 34 to
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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



of a shape that makes it easier to raise the drilling 8 tool through the
m xture of cut soil and hydraulic binder that is contained in the trench.
As already nmentioned, the notors for driawing rotation of the cutters are
preferably hydraulic nmotors. 5 Under such circunstances, the power fluid
feed pipes are constituted by holes such as 58 and 60 nmade in the thickness
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part 46 t he support neans 34.,,15 These _scraper syste 36 .conpri se
scr aper s%Tsucﬁ%%’ Egv?hﬁ?pa?%g‘?%t%'eég doﬁe'?ﬁgg’n{? h‘éqaftoxacdﬁlttééfeﬁ 38, 38',
38" of the cweteisgsbhastedl r exp\exrilliadnedi Bbovat ni ght adhere to the

cutters between thgsg peetituldr Shetadndarobegsved; iNaly e, scr aper syst ens
36 20 present a profile that kes.it easier to raise the drjlling tool
Shrough the REEFBRES R MG g i ASESkhUOTYRF At o i gure
4 shows the cotgeien3®, tX' Ihrdmuntved tbatt he buashl ngs E trd 196meEerst | y

there cam be (RFNaLAC 2Pkl aUl1iC R QK $SHES aSritbgdMiICh JMREQES are
fastened within thg ?@@nn s 50 to 56. The outlet shafts fromthe nmotors 70
are connect ed*frfécRan I’V?'i n rotation and in translation to drums such as

72 having the cut Térsor3flidara3fonoget hew gitvént beitrhe entdpd3d, p38te and 38"

mount ed 30 thgreeps ThHey eidrerlfi o8 sh¥8haUkk Cahd U & f@RdRIRES 58sand 60
are connected b any sul tabl e neans to the sygtemfor f.eedi n% power to the
hydraul i ¢ m)FGPél?E). Ty ¢ BgHRegEoyRde FEE obd tHRE WHETS £5i d5desirabl e

to rai sdb5a dretkangulaolin dapes wilithastideachatihad disndridiloag 835 with a
m xture of dgpbl R%aCYtIddGEn.aNe hYGH QULLCREOAS 0od that during

upward movement, the fastener plate 48 does not
constitute an cobgtacle 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
inte 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 egual to 2800 mm X 800 mm,
which is more than 2 million mm?, The area opposing
upward movement ig 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'. More preferably, the ratio is no greater than



the only portions of the tool that oppose this upward novenent are those
constituted by the support plate 40 9 and possibly by the scraper systens
36. The pad 48 is located in line with th®e 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 facilitat@®s. rdaillgisngallhe foel thasr&xpd alaysshdbove the dlmehéll@ns

particul ar e i dr i I eégn£§ t

di rection ofq?ﬁghgig%mg%ggotab#%nﬂgfégf tﬁg h%%g i S equa o 800
mllineters FRMH @MdPE reAgth ?h?nm?¢ﬁﬁcﬁ??ﬂﬁqgaﬁh@rpﬁéﬁénéﬂ have hese axes
of 2800 MM minimunf thdekhdesabf oRO i Gm MO @ e 0 cllersuppentupt ate 40,

its long 4i a Y s: Lhic 38 i al _to 60 mm
Furthernn?e e%pgg%éégggeﬁgg Eggflél%é¥ {%ﬁ% |%Hs ﬁégrmf?h si des
havi ng di rrené‘?ad?% it PeSgikkfahe BOOViGE mt%qall @@c@ﬁdéhgr@w fort during
upwar d novemgriwertitng taet faoeorpl ate 48 does not constitute an obstacle to
such novenment since it is inline with the guide bar 14. Consequently, a

|l ength of 20 only 1600 mm of the support plate 40 needs to be taken into
consideration. Thus, the area opposing upward nmovenent is 1600 nm x 60 mm =
96, 000 square mllinmeters (mMmR). This section should be conpared with the
hori zontal projection of the tool assenbly, which 25 projection presents an
area equal to 2800 mmx 800 mm which is nore than 2 mllion mR. The area
opposi ng upward novenent is thus |l 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. When a 30 cutting tool is fitted with pairs of
cutters having axes that present a wdth of 500 nm this ratio is slightly
| ess than 10% In general, the ratio between the areas is preferably |ess
than 10% More generally, and preferably, the thickness e of



35 the support plate 40 is less than 15% of the wdth H of the tool in the
direction of the axes of rotation X, X and Y, Y. Mire preferably, the
ratio is no greater than 10 10% Thid'value for the ratio depends on the
di rensions of the cutters. The larger the cutters, the smaller the ratio
can be nmade. The neans formnming the gl aiws40 have a m ni mum t hi ckness of 50
mmto 60 nmin order to ensure 5 th e presents sufficient strength and
in order to make it possible to provide internal ducts therein for powering
the mLOr S ook cﬂﬂﬁ{?%d%xﬁw UuefgE mﬁi(ﬁ'alnb{Hégn%'iQIamt[’fé ) Eothphidhgs W th

anot her materi al nprising: two pairs of rotary druns in axial

al i gnnent twmpaiee of rpiary dives, In@a@hamﬂmﬁrﬁ@nmraﬁlﬁt @8, apehdrinthging fittewith
drilling an St r a notor nechani sm
for drivi nggt%ér;ﬁg?g%lpggngﬁ Msal hlé‘;&@g@@@ﬁéﬁ%ﬁﬁ?fﬁaﬁ%ham sns bei ng nmount ed
i nsi de the mntgwec!@argmr@ﬁuﬂrmgéh%miamﬁrﬁa& frgmgupaie nrdemMaeRANRabeing

t hi ckness a%uﬂte‘d‘?ﬂ%&%‘merhrﬂ gl zontal section which are substantially |ess
than a thickness an ength 1h horizontal section of the tool; and a
support SErsyepYt @femﬁenmwnrf%@g auige breMaiayingou Hidaess ape aderota fiherwosta!l ar e
serving to %Q&Bﬂ%hlé‘f?‘bl‘é %tlél IEESetr%Hpé)ﬁ{ékngésegﬁJ‘F@ngﬁﬁh%o?z.‘z'd%gréectaon
structure conpri sing ate I's substantially orfthogonal to the axes
of rot ati onobthettpd; @n@hm; t he bottom ends of said plate form ng bearings
for said Qrugﬁ rtm&lﬂe'&tﬁhamgmegjr@ﬂgwm%tehhb?&a@saﬁmvm.aharessemng to
substanti al |l ?ess than the len axes of rotation of a palr of
cutters; anaowaﬁﬁmﬁﬁngn@@dhe@hmfa@am@m ectly to the bottomend of said
gui de beagéfargg Sﬁét%ﬁgeggmgﬂﬁn%w end of the plate, the top edge face of

the plate connectl ng sal t he bearing-form ng portion being shaped
so that, arpl%tséfmaiwatsuwawaﬂlh oﬁhegqrmi&H@sw%foﬁrﬁ@ttpm@fﬁw@o@mﬁ@ s gotidian t he

length of thg,axgscl o fora%%mﬁg BLafhitdr 3la Gt 3jd b BR hahg Gabriifrk ai sed

through the mXxture o anot maerla rein the wdth of
sai d nmount i niickeeEs \Shlb@iﬁssqi}ﬁmtf@fﬂ@eﬁﬁiw thﬁéengélhgt hecixes 19 relatien ofryp@ivol i n
t he hori zontgflcugb,rsegrt\d on orthogonal to the direction of the axes of the
pairs of cutters A tool according to claiml, wherein said notor
mechani sna cwmpting pad h@/fme&tﬁci @regtit rtge %ﬁaomw@dméaidfgmermem aed {pgtenedée s of

pi pes for p esgl@}dssal 8@%@% WP e REEL Br HeCpISRNrnkROs Ay 38!t snd or med

in the thickn
bearing-forming por’non being shaped so that, in association with the thickness of the
plate being less than the length of the axes of rotation of a pair of cutters, the tool can
be raised through the mixture of cuttings and another material,
wherein the width of said mounting pad is less than one-third the length of the drilling
tool in the horizontal direction orthogonal to the direction of the axes of the pairs of

cutters,

2. A tool according to claim 1, wherein said motor mechanism comprises hydraulic motors
and the tool further includes sets of pipes for powering said motors, which pipes are
constituted by holes formed in the thickness of said plate.

3. A tool according to claim 1, wherein the horizontal right section of the guide beam has

substantially the same dimensions as said mounting pad.

4. A tool according to claim 1 wherein the depth 1’ of said mounting pad in the direction of

the axes of the pairs of cutters is less than half the length of an axis of a pair of cutters.



3. Atool according to claim11, wherein the horizontal right section of the
gui de beam has substantially the sane di nensions as said nounting pad 4. A
tool according to claim1 wherein thel®dlepth 1' of said nounting pad in the
direction of the axes of the pairs of cutters is less than half the length
of an axi t claim1l,
Wnerelg tﬁégéig%&gfn tg?iag’gﬁdﬁﬁ e'ltnetilllgéo% am‘%f%gc? ]@rg@% %%hgfgf&accordi ng to
claim1l, vvherel n the thlckness of the plate is Iess than 15% of the length
of thegaxhgoQfadcBidid Q”cl f \Hﬁér[am ﬁectﬁukkr?ers.% of te f%té ROk QLR 5By Cl ai m
1, wherein the top ace of sai ate connec Ing the bot t om ends of

t he pl WG”‘[@’@@B&Sﬁf)m?ﬁfioﬁg?fﬁmifqu@uthGS portions fornming two sides of a
triangle having its apex |ocated towards said pad. 8. A tool according to
claiml, wherein, in projection onto a plane parallel to the axes of

rotati n Bftophacsrdingite claime!, avkeieipf thsp qﬂgatféw of pgidgplate epnnerting 1026 of

t he ar t: C rein
the thralanes S ThE B G e pRunily s B PRI LA Rt P or

r ot at i Hiengle favpgiivs aﬂex&mt@tﬁwardfcsatqucbol according to claim1, wherein
the plate consists of two half-plates. 11. A tool according to claim10,
wherein each half-plate is fitted with a pair of coaxial cylindrical

bushi n§s M@@‘@@Q@g"gaiﬂec@m hoybergin, i Ptdiectione i BfRIgnm pargllel todhe Axepof

accor drdwnénoof%@amel@ 1thé"'£‘r"er§edf ea.hfb%t& mebg# %@kr@é&ﬁo%ﬁn@%@&sm@ bt bhe
mounting pad by a part acco |ngtoca|m1 wher ei n
mount i Agftesad is |ocated in I|ne vmth the guide beam 14. A dri Illng machl ne
conprising a tool according to claim1 and further conprising guide and

drive nmeans by which the guide beamis connected to a vertical mast, said
mast b@i nf tedmseetdén toyclaint tavkerdinidnitaicenasawaiiige Plast &l Iped thaneWoref éhesyst em

for gepgpatdiife BME bAMkAtONRPWair of cutters.

10. A tool according to claim 1, wherein the plate consists of two half-plates.

11. A tool according to claim 10, wherein each half-plate is fitted with a pair of coaxial
cylindrical bushings whose axes are orthogonal to the two half-plates.

12. A tool according to claim 10, wherein the two half plates are connected to the mounting

pad by a part.

13. A tool according to claim 1, wherein the mounting pad is located in line with the guide

beam.

14. A drilling machine comprising a tool according to claim 1 and further comprising guide
and drive means by which the guide beam is connected to a vertical mast, said mast being
supported by a tracked vehicle having installed thereon a system for generating hydraulic

power.



