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EXCAVATI ON SYSTEM W TH | NTERCHANGEABLE TOOLS

Background of the invention

The present invention relates to the field of
excavation systens, and particularly to the field of
excavation systens including tools for excavation by
el ectric pul ses.

Anong exi sting excavation tools, there are known in
particul ar excavation tools of the cutter type in which a
rotary cutter head, or "cutter", breaks up the ground in
order subsequently to allow the spoil that is obtained in
that way to be renbved. Cutter type excavation tools are
usually used to nmake trenches in the ground to relatively
great depth, up to 200 neters (n), and of thickness that
is relatively small conpared with said depth, the
t hi ckness typically lying in the range 500 mllineters
(mm to 1800 mMm A typical wdth for the tooling is
2800 mm One of the advantages of such nmachines is that
t hey enabl e such trenches of great depth to be nade while
conplying with rigorous verticality criteria, in
particular in order to ensure good continuity between
adj acent panels. The trench as a whole is obtained by
di ggi ng successive panels that are adjacent and
] uxt aposed.

Nevert hel ess, a drawback of such excavation tools is
that they are not very effective when excavating | ayers
of ground that are particularly hard, and in particul ar
| ayers of rock. |In order to solve this problem tools
have been proposed that excavate by electric pul ses, e.qg.
i n published patent applications US 2003/0137182 and EP
1 474 587. Such excavation tools typically include
el ectrodes arranged on a front face of the excavation
tool. H gh-power electric discharges between the
el ectrodes can break up the rock situated directly under
the front face in a nmanner that requires | ess energy than
using a cutter.
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Neverthel ess, electrically powering the el ectrodes
rai ses other problens. Even when the tool for excavation
by electric pulses also includes an el ectronic power
nodul e for produci ng di scharges of high power but of
short duration froman electrical power supply
continuously delivering nom nal power that is nore
nodest, the power supplied is nevertheless sufficiently
high to raise problens of safety for equi pnrent and
personnel in the event of the power supply cable breaking
in the proximty of the surface.

In order to solve that problem drilling tools are
known, in the specific field of drilling by electric
pul ses, that include generators driven hydraulically from
the surface, e.g. the tools disclosed in published patent
applications GB 2 420 358 and US 2010/ 0000790, and in
utility nodel DE 20 2006 018 980 Ul. Nevert hel ess,
al t hough such tools for drilling by electric pulses are
wel | adapted to |layers of hard rock, they are |less well
adapted to excavating |ayers of softer ground.

(bj ect and sunmary of the invention

The present disclosure seeks to renedy those
dr awbacks by proposing an excavation systemthat is
versatile and effective, and that can easily be adapted
to excavate in the nost effective manner through | ayers
of ground presenting conpositions and consi stencies that
are very different. The system may conpri se a support
frame, a hydraulic circuit with a punp, and first and
second excavation tools, one of said first and second
excavation tools being a nechani cal excavation tool
having a hydraulic actuator and a nounting interface with
at | east one nmechani cal fastener nenber and at | east one
hydraulic coupling in fluid flow comruni cation with said
hydraul i ¢ actuat or.

This object may be achieved by the fact that the
ot her one of said first and second excavation tools is a
tool for excavation by electric pulses, conprising an
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electricity generator with a rotary shaft for generating
electricity fromrotation of the rotary shaft, a
hydraulic notor coupled to said rotary shaft to drive
rotation of the rotary shaft, and an el ectroni c power
nodul e el ectrically connected to the electricity
generator in order to be powered by the electricity
generator so as to generate electric pul ses of

i nst ant aneous power that is higher than an instantaneous
power of the electricity generator, a plurality of

el ectrodes including at | east one el ectrode connected to
said el ectronic power nodul e, the el ectrodes being
arranged on said front face, and a nounting interface
with at | east one nmechani cal fastener nenber and at | east
one hydraulic coupling in fluid flow comruni cation with
said hydraulic nmotor, and each of the nmounting interfaces
of the first and second excavation tools is suitable for
rel easably and alternatively nounting the correspondi ng
excavation tool under the support franme of the excavation
system w th the corresponding hydraulic coupling in
fluid fl ow communi cation with said hydraulic circuit of

t he excavation assenbly.

By neans of these provisions, the excavation system
can easily be adapted to excavating different types of
ground, with it being possible for the energy needed for
operating the appropriate excavation tool always to be
transmtted hydraulically fromthe surface, in a manner
that is safer than transmtting electricity.

In the tool for excavation by electric pul ses, the
plurality of electrodes may in particular conprise a row
of a plurality of electrodes arranged at the periphery of
the front face of the drilling tool, so as to create an
active excavation front at that periphery of the front
face, thereby making it easier to break up the ground
mat eri al under the front face.

Furthernore, the plurality of electrodes may al so
include at |east one el ectrode arranged in a central zone
of the front face, so as to act as a ridge-breaker.



10

15

20

25

30

35

The el ectronic power nodule may be suitable for
produci ng el ectric pul ses having a voltage of at |east 50
kilovolts (kV), a current of at least 1 kiloanp (kA),
and/or a duration of at |east 30 nanoseconds (ns), and/or
with a repetition frequency of at least 1 hertz (Hz).

The plurality of electrodes may in particular conprise at
| east two el ectrodes connected to the el ectronic power
nmodul e, and the el ectronic power nodul e may be configured
to transmt electric pul ses separately to each of the at

| east two electrodes to which the el ectronic power nodul e
is connected, thus nmaking it possible to obtain a phase
shift between the pulses transmtted to each of the

el ectrodes so as to increase the effectiveness of the
excavation and/or so as to tilt the excavation front

wi thout tilting the tool.

In order to adapt the shape of the excavation front,
t he excavation tool may neverthel ess al so conprise an
actuator device for driving novenent of at |east one
el ectrode of said plurality of electrodes. In
particular, this novenent may include at |east a vertical
conponent and/or a horizontal conponent. Said actuator
device may conprise at |east one |linear actuator.

In order to enable the broken up material to be
renmoved fromunder its front face, the tool for
excavation by electric pul ses may further include at
| east one spoil-renoval inlet.

Furthernore, in order to facilitate this spoi
renmoval , the tool for excavation by electric pul ses may
al so further conprise a fluid feed duct |eading to at
| east one fluid injection nozzle arranged on a front face
of the excavation tool. In this way, on being sucked
into the spoil renoval inlet, the fluid that is thus
injected under the front face of the tool for excavation
by electric pulses can entrain therewith the spoil in a
manner that is particularly effective. To better
distribute this fluid under the front face of the
excavation tool, the fluid feed duct may lead to a
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plurality of fluid injection nozzles distributed over the
front face of the tool for excavation by electric pul ses.
Furthernore, the fluid feed duct nmay in particular be
suitable for feeding the at | east one feed nozzle with
liquid, and in particular with drilling nud, so as to
entrain the spoil with the liquid, however, it may
alternatively be suitable for feeding the at | east one

i njection nozzle wwth gas, in particular conpressed air,
so as to entrain the spoil with the gas.

In order to facilitate excavating trenches, said
front face nay be el ongate, e.g. rectangul ar,
perpendi cularly to an excavation direction.

The hydraulic coupling and one and/or the other of
the excavation tools may in particular include at | east
one passage for the arrival of hydraulic liquid and at
| east one passage for the return of hydraulic Iiquid,
although it is also possible to envisage omtting the
return passage, e.g. if the fluid used as hydraulic fluid
is aliquid that can subsequently be injected under the
front face of the excavation tool in order to facilitate
renmoval of spoil

In order to enable the excavation front to be
tilted, the support frame may include a device for
tilting the excavation tool about at |east one axis. 1In
order to facilitate renoval of spoil under the front face
of the excavation tool, the excavation assenbly may al so
i nclude a spoil suction punp that nay be situated in the
excavation tool or else in the support frame, for
exanple. |If the excavation tool presents a spoil renova
inlet, the spoil suction punp nmay be placed in fluid fl ow
communi cation with the spoil renoval inlet, downstream
therefrom so as to suck in spoil through the spoi
renmoval inlet. Also, the spoil suction punp nmay be
hydraulically actuated, for exanple. Thus, a single
hydraulic circuit may be used for actuating the
electricity generator and for actuating the spoil suction

punp.
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In order to facilitate | owering the evacuation tool
into a well or a trench that is being excavated, the
excavation assenbly may include a jib fromwhich the
support frane is suspended by at |east one cable.

The nechani cal excavation tool may in particul ar be
a cutter type excavation tool conprising a cutter nenber
coupled to the hydraulic actuator of the nechanica
excavation tool in order to be actuat ed.

This disclosure al so provides a nethod of using such
an excavation systemfor excavating a trench, the nethod
conprising the foll ow ng steps:

nmounting the first excavation tool under the
support frane;

excavating a first layer of ground with the first
excavation tool;

replacing the first excavation tool under the
support franme with the second excavation tool; and

excavating a second | ayer of ground with the
second excavation tool.

Brief description of the draw ngs

The invention can be well understood and its
advant ages appear better on reading the foll ow ng
detail ed description of an enbodi nrent shown as a
nonlimting exanple. The description refers to the
acconpanyi ng draw ngs, in which:

Figures 1A and 1B are diagrammatic views of an
excavation systemusing two alternative excavation tools
whi |l e excavating a trench;

Figure 2 is a diagrammatic view of a Figure 1A
tool for excavation by electric pulses;

Figures 3A the two 3D are di agrans show ng severa
potential variant configurations for the Figure 2 tool
for excavation by electric pul ses;

Figure 4 shows anot her potential variant
configuration for the el ectrodes;




10

15

20

25

30

35

Fi gures 5A and 5B are diagranms showi ng a verti cal
movenent of electrodes in a tool for excavation by
el ectric pul ses, in another variant; and

Figure 6 is a detail view in perspective of the
excavation systemof Figures 1A and 1B, with a tool for
excavation by electric pulses, a cutter type excavation
tool, and a support frane adapted to receive one or the
ot her.

Det ai | ed description of the invention

Figures 1A to 1B show an excavation systemin an
enbodi mrent whil e excavating a trench 200 of depth P. The
systemconprises a jib 10, suitable for being installed
on a novabl e base 101 that is novable over the surface of
the ground that is to be excavated, a support frame 34
suspended fromthe jib 10 by at |east one cable so as to
be capable of being lowered into the trench and raised
therefrom by actuating the cable, and excavation tools 1
1' suitable for being suspended as al ternatives under the
support franme 34. The excavation tool 1 is a tool for
excavation by electric pul ses, while the excavation tool
1' is a mechanical excavation tool of the cutter type.
The system al so i ncludes a hydraulic punp (not shown),
that may be installed on the sanme novabl e base 101
supporting the jib 10, and that is connected to the
support frame 34 and to the tool 1 for excavation by
electric pulses by a hydraulic circuit (not shown),
together wwth a circuit for feeding spoil-renoval fluid
(not shown), and a spoil-renoval circuit 150. The
circuit for feeding spoil-renmoval fluid is configured to
supply a fluid that serves to entrain the solid spoi
resulting from breaking up rocky material under the tool
1 or 1', so as to facilitate renoval of the spoil via the
spoil -renmoval circuit. The fluid may be a |liquid, such
as a drilling nud, or alternatively a gas, and in
particul ar conpressed air.
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Furthernore, the support frame 34, which is
configured so as to be guided against the side walls of
the trench 200, presents in the vertical or excavation
direction a height Hthat is relatively large in
conparison with the wwdth L and the thickness E of the
support frame 34 and of the tool 1 in directions that are
per pendi cular to the height direction. The support franme
34 thus serves to guide the tool mechanically
progressively while the trench 200 is being nmade so as to
ensure that it is properly vertical, even when its depth
Pis large. By way of exanple, this depth P may be as
much as 200 m

In a first configuration, as shown in Figure 1A the
tool 1 for excavation by electric pulses is releasably
nmount ed under the support frane 1 to enable a hard rocky
| ayer to be excavated, thus form ng an assenbly 100
together wth the novabl e base 101, the jib 10, and the
support frame 34, whereas in a second configuration, as
shown in Figure 1B, the tool 1 for excavation by electric
pul ses is replaced under the support frane 34 by a
mechani cal excavation tool 1' of the cutter type, thereby
formng an alternative assenbly 100" for excavating
| ayers that are not so hard.

The tool 1 for excavation by electric pulses is
shown diagrammatically in Figure 2. In the enbodi nent
shown, it conprises two hydraulic notors 2, two
el ectricity generators 3, an electronic power nodul e 4,
and a plurality of electrodes 5a, 5p. Furthernore, it
al so conprises an assenbly interface 14 with two
mechani cal fastener nenbers 22 in the formof studs, and
two hydraulic couplings 20, each conprising at |east one
passage for delivering hydraulic fluid to the hydraulic
notors 2, and at | east one passage for returning
hydraulic fluid fromthe hydraulic notors 2 so as to set
up a fluid flow connection between the hydraulic circuit
of the excavation assenbly 100 and the hydraulic notors
2. Each hydraulic notor 2 may have conti nuous out put



10

15

20

25

30

35

power P, of up to 115 (kW, for exanple, and is

mechani cally coupled to a rotary shaft of a respective
electricity generator 3 in order to generate el ectrical
power Pe=k-Pn, where k is an efficiency coefficient of the
electricity generators and | ess than 1. Thus, by way of
exanple, with a nechanical power P, of up to 115 kW for
each hydraulic notor 2, it is possible to obtain

el ectrical power P. of up to 100 kil ovolt-anps (kVA) from
each electricity generator 3. Both electricity
generators are electrically connected to the electronic
power nmodule 4 so as to power it with continuous

el ectrical power P.=n-P,, where n is the nunber of
electricity generators 3 (so nis thus equal to 2 in the
enbodi mrent shown).

Maki ng use of the continuous el ectrical power P
supplied by the electricity generators 3, the electronic
power nmodule 4 is configured to generate electric pul ses
of instantaneous power P, that is substantially higher,
but of short duration. Thus, the electric pul ses
generated by the electronic power nodule 4 may have a
voltage V lying in the range 50 kV to 500 kV, for
exanple, a current lying in the range 1 kA to 100 kA, for
exanple, and a duration d lying in the range 30 ns to
100 m croseconds (ups), for exanple, repeating a
repetition frequency f lying in the range 1 Hz to 100 Hz,
for exanple.

In the enbodi nent shown, the el ectronic power nodul e
4 is electrically connected to two active el ectrodes 5a
fromanong the three el ectrodes shown, so as to transmt
the electric pulses thereto. The third el ectrode 5p,
shown in the mddle, is grounded, so that when the
electric pulses are transmtted to the other two
el ectrodes 5a, electric discharges are produced between
t hese active el ectrodes 5a and the passive el ectrode 5p
situated between them These el ectrodes 5a, 5p are
situated on a front face of the tool 1 for excavation by
el ectric pulses so as to nake contact with the rock face
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so that the electric discharges between the el ectrodes 5
pass through the rock and break it up. Naturally, the
term"front face" is used to designate the face that
faces the rock surface in the excavation direction, i.e.
the face that normally faces downwards.

Al t hough Figure 2 shows only two active el ectrodes
5a and one passive el ectrode 5p between the two active
el ectrodes 5a, the nunber and the arrangenent of the
el ectrodes on the front face of the tool for excavation
by electric pul ses may vary dependi ng on circunstances,
e.g. with a spacing between adjacent electrodes lying in
the range 2 centineters (cm to 10 cm Thus, in the
vari ant shown in Figure 3A, two rows of alternating
active and passive el ectrodes 5a and 5p are situated on
opposite sides of the periphery of the front face of the
tool 1 for excavation by electric pul ses, whereas the
variant shown in Figure 3B also has a third row of
alternating active and passive el ectrodes 5a and 5p
extending parallel to the other two rows and situated in
a central zone of the front face of the tool 1 for
excavation by electric pulses, so as to act as a ridge-
breaker. In this context, the term"ridge" is used to
mean the rocky crest that can formfor exanple between
two rotary drunms of a cutter tool of the kind disclosed
in EP 1 486 620. In a third variant, as shown in
Figure 3C, the active and passive electrodes are in a
staggered configuration over the entire front face of the
tool 1 for excavation by electric pulses, whereas in a
fourth variant shown in Figure 3D, the tool 1 for
excavation by electric pulses also has a device for
driving the electrodes 5a, 5p in horizontal novenent so
as to cover the entire surface of the front face of the
tool 1 for excavation by electric pulses by noving a
single linear row of el ectrodes 5a, 5p.

The el ectrodes 5a, 5p need not be arranged in the
sane horizontal plane, but they may be staged over a
plurality of different heights, as shown in Figure 4, in
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particular in order to match the excavation profile of
the tool 1 to the excavation profile of a preceding tool.
Furthernore, the el ectrodes 5a, 5p may nove not only
hori zontal ly, but they may al so nove vertically, in
addition to or as an alternative to noving horizontally.
Figures 5A to 5B thus show anot her variant having a
plurality of rows of electrodes 5a, 5p fitted with
devices for driving vertical novenent, serving to match
the arrangenent of the rows to a rock surface that is
irregular. These devices for driving vertical and/or
hori zontal novenents may in particular conprise |inear
actuators, specifically jacks and nore particularly
hydraul i ¢ j acks.

Furthernore, the el ectronic power nodule 4 may be
configured to transmt the electric pulses to all of the
active electrodes 5a either sinultaneously, or else
sequenti al ly.

As shown in Figure 2, the tool 1 for excavation by
el ectric pulses also includes both an inlet 8 for
removi ng spoil and that is connected to a spoil-renoval
passage 32, and also a fluid feed duct 6 leading to a
plurality of fluid injection nozzles 7 that are
distributed on the front face of the excavation tool.

The fluid may be a liquid, such as for exanple drilling
mud, or a gas, in particular conpressed air, and it
serves in particular to entrain spoil while it is being
removed via the inlet 8 and the passage 32.

In operation, the rotary shaft of each electricity
generator 3 is thus driven by the correspondi ng hydraulic
motor 2 in order to generate electricity. The electronic
power nodule 4 is thus electrically powered by the
electricity generators 3 so as to generate the electric
pul ses that reduce discharges between the el ectrodes 5a,
5p in order to break up rocky material situated under the
front face of the tool 1 for excavation by electric
pul ses. The fluid injected via the duct 6 and the
nozzles 7 entrains the broken up rocky material while it
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is being renoved through the inlet 8 and the passage 32
to the surface.

Figure 6 shows the tool 1 for excavation by electric
pul ses beside a bottom portion of the support frane 34,
and the excavation tool 1' of the cutter type, which is
configured to be nounted under the sane support frame 34
so as to be interchangeable with the tool 1 for
excavation by electric pulses. As can be seen in this
figure, the tool for excavation by electric pul ses may
present a horizontal section, perpendicular to the
excavation direction, that is substantially elongate, and
nore specifically rectangular, with a wwdth L lying in
the range 1 mto 4 m for exanple, and nore particularly
of about 2.8 m and a thickness E lying in the range
0.5 mto 1.8 m and nore particularly in the range 0.5 m
to 1.5 m for exanple

As al so shown in Figure 6, the nechanical fastener
menbers 22 in this enbodi nent are constituted by two pins
in the formof cylindrical metal studs fastened rigidly
to the interface 14 symmetrically about the center of the
interface 14 and orthogonally relative thereto. Each
mechani cal fastener nenber 22 al so includes an internal
hol e 24 that passes through it horizontally, and it has a
top portion 26 that is conical in order to facilitate
mounti ng, as described bel ow.

At the bottomend of the frane 34 there is fastened
a plate 36 that can be tilted relative to the franme, and
it is substantially of the sane dinensions as the
interface 14 associated with the tool 1 for excavation by
electric pulses. Tilting of the plate 36 is controlled
by hydraulic actuators 38 fastened to said plate 36, thus
formng a device for tilting the tool 1 for excavation by
el ectric pul ses about two horizontal axes when this
excavation tool 1 is nounted under the plate 36.

A duct 30 of the spoil-renoval circuit 150 is al so
fastened along the frame 34 in order to renove to the
surface the broken up rocky material that is sucked in
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through the inlet 8 and the passage 32, and a duct 50 of
the spoil-renoval fluid feed circuit is also fastened
thereto in order to feed the ducts 6 and the nozzles 7
with spoil-renoval fluid. The bottom ends of these ducts
30, 50 pass through the plate 36. Furthernore, the frane
34 may al so include both a spoil suction punp 151
arranged so as to be put into fluid fl ow communi cati on
with the spoil-renoval inlet 8 via the passage 32 and the
duct 30 when the excavation tool 1 is nounted under the
pl ate 36, and also a hydraulic notor (not shown)
connected to the hydraulic circuit of the excavation
assenbly 100 order to drive the spoil suction punp 151.
Nevert hel ess, spoil suction devices with other drive
means (e.g. electrical drive neans) could equally well be
envi saged.

The plate 36 associated with the frame 34 includes
two cylindrical orifices 40 of dianeter substantially
equal to the dianeter of the fastener nenbers 22 fastened
to the interface 14 associated wth the cutter head 10.
These hol es 40 are arranged symetrically about the
center of the plate 36 so as to receive the studs 22 when
the interface 14 for nounting the tool 1 for excavation
by electric pulses is positioned under the plate 36.

Hydraulic jacks 42 are fastened on the top portion
of the plate 36 associated with the frame 34 in the
proximty of these holes 40. The ends of the rods of
t hese jacks have respective netal wedges 44 fastened
thereto of width that is substantially snmaller than the
wi dth of the holes 24 in the above-nentioned studs 22 and
of length extending along the axis XX . The actuators 42
are positioned in such a manner as to enabl e the wedges
44 to be noved along the axes XX so that in the actuated
position, the wedges 44 |lie exactly over the holes 24 in
the plate 36. The fastening of the tool 1 for excavation
by electric pulses can thus be rel eased by using the
hydraulic actuators 42. It can be understood that in
this configuration, the relative configuration of the end
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of the frame 34, of the tool 1 for excavation by electric
pul ses, of the hydraulic fluid feed neans, and of the
removal nmeans provides a device suitable for offering the
sanme functions as a tool that cannot be taken apart.
Nevert hel ess, renoving the tool 1 for excavation by

el ectric pul ses as a whole enables the tool to be changed
very quickly. Furthernore, in the enbodi nent descri bed,
this is done by actuating jacks, thereby greatly
facilitating this operation.

The excavation tool 1' of the cutter type, which is
al so shown in Figure 6, is conpatible with the support
frame 34, and is thus interchangeable with the tool 1 for
excavation by electric pulses. For this purpose, it
I i kewi se has a nounting interface 14 wth tw nmechani cal
fastener nmenbers 32 and a hydraulic coupling 20 of shape
and di nensi ons equivalent to those of the tool 1 for
excavation by electric pulses. Furthernore, this
excavation tool 50 has a notor assenbly 12 with two
hydraulic nmotors (not shown) that are rigidly secured to
the bottom portion of the nounting interface 14. Four
cylindrical drunms 16 constituted by cutter wheels are
driven in rotation by the notors via nmechanica
connection neans that are not shown. Cutter nenbers 18,
al so known as cutter teeth, are rigidly fastened on the
peri pheries of the druns. The hydraulic notors are
connected by hydraulic hoses to the hydraulic couplings
20 fastened to the top portion of the nounting interface
14 in symmetrical manner about the center of the nounting
interface 14. These hydraulic hoses and couplings 20
thus also serve to deliver energy to the notor assenbly
12 of the excavation tool 1'. Although, in the
enbodi mrent shown, the mechani cal excavation tool is of
the cutter type, it is equally possible to envisage that
it is of some other type that includes a hydraulic
actuator, e.g. a nechanical excavation tool with at | east
one bucket actuated by at |east one hydraulic jack. The
tool 1 for excavation by electric pulses and the cutter
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type excavation tool 1' can thus be interchanged quickly,
dependi ng on the | ayers of ground to be excavated, by

di sconnecting the mounting interface 14 of one of the two
excavation tools 1, 1' fromthe support franme 34, and

t hen connecting the nmounting interface 14 of the other
one of the excavation tools 1, 1' to the support frane
34.

Thus, it is possible to mount the tool 1 for
excavation by electric pul ses under the support franme
34 in order to excavate hard rocky layers, as shown in
Figure 1A, and then to replace it with the nmechanical
excavation tool 1' for excavating softer |ayers, as shown
in Figure 1B, and vice versa.

Al t hough the present invention is described with
reference to a specific enbodinent, it is clear that
various nodifications and changes can be undertaken on
t hose enbodi nrents w t hout goi ng beyond the general anbit
of the invention as defined by the clainms. Consequently,
the description and the draw ngs should be considered in
a sense that is illustrative rather than restrictive.
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CLAI M5

1. An excavation system conprising a support franme (34),
a hydraulic circuit wwth a punp, and first and second
excavation tools, one of said first and second excavati on
tool s being a mechani cal excavation tool (1') having a
hydraul i c actuator and a nounting interface with at |east
one nechani cal fastener nenber (22) and at | east one
hydraulic coupling (20) in fluid flow conuni cation with
said hydraulic actuator, the system being characterized
in that the other one of said first and second excavati on
tools is a tool (1) for excavation by electric pulses,
conprising an electricity generator (3) with a rotary
shaft for generating electricity fromrotation of the
rotary shaft, a hydraulic notor coupled to said rotary
shaft to drive rotation of the rotary shaft, and an

el ectronic power nodule (4) electrically connected to the
electricity generator (3) in order to be powered by the
electricity generator (3) so as to generate electric

pul ses of instantaneous power that is higher than an

i nst ant aneous power of the electricity generator (3), a
plurality of electrodes (5a, 5p) including at |east one
el ectrode (5a) connected to said el ectronic power nodul e
(4), the electrodes being arranged on a front face of the
tool (1), and a nmounting interface (14) wth at |east one
mechani cal fastener nenber (22) and at | east one
hydraulic coupling (20) in fluid flow conuni cation with
said hydraulic notor (2), and in that each of the
mounting interfaces of the first and second excavation
tools is suitable for releasably and alternatively
nmounting the correspondi ng excavati on tool under the
support frane (34) of the excavation system wth the
correspondi ng hydraulic coupling in fluid fl ow

communi cation with said hydraulic circuit of the
excavation system
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2. An excavation systemaccording to claim1l, wherein the
support frane includes a device for tilting the
excavation tool about at |east one axis.

3. An excavation systemaccording to claim1l or claim2,
further including a spoil suction punp.

4. An excavation system according to any one of clains 1
to 3, including a jib (10) fromwhich the support frane
(34) is suspended by at | east one cable.

5. An excavation system according to any preceding claim
wherei n said nmechani cal excavation tool is a cutter type
excavation tool conprising a cutter nmenber coupled to the
hydraul i ¢ actuator of the mechanical excavation tool in
order to be actuated.

6. An excavation system according to any preceding claim
wherein said plurality of el ectrodes (5a, 5p) conprises
at least one row of a plurality of electrodes (5a, 5p)
arranged at the periphery of said front face.

7. An excavation system according to any preceding claim
wherein said plurality of el ectrodes (5a, 5p) conprises
at | east one electrode (5a, 5p) arranged in a central
zone of said front face.

8. An excavation system according to any preceding claim
wherein said plurality of el ectrodes (5a, 5p) conprises
at least two electrodes (5a) connected to the electronic
power nodule (4), and the electronic power nodule (4) is
configured to transmt electric pul ses separately to each
of the at |least two electrodes (5a) to which the

el ectronic power nodule (4) is connected.

9. An excavation system according to any preceding claim
further conprising an actuator device for driving
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movenent of at | east one electrode (5a, 5p) of said
plurality of electrodes (5a, 5p), in particular with
nmovenent presenting at |east a vertical conponent and/or
a horizontal conponent.

10. An excavation system according to claim9, wherein
sai d actuator device conprises at |east one |inear
act uat or.

11. An excavation system according to any preceding claim
wherein the tool (1) for excavation by electric pul ses
further includes at | east one spoil-renpoval inlet (8).

12. An excavation system according to any preceding claim
wherein the tool (1) for excavation by electric pul ses
further conprises a fluid feed duct (6) leading to at

| east one fluid injection nozzle (7) arranged on a front
face of the excavation tool (1).

13. An excavation system according to claim 12, wherein
said fluid feed duct (6) leads to a plurality of fluid

i njection nozzles (7) distributed over the front face of
t he excavation tool (1).

14. An excavation system according to any preceding claim
wherein said front face is elongate, e.g. rectangul ar,
perpendi cularly to an excavation direction.

15. A nethod of using an excavation system according to
any one of clainms 1 to 14 for excavating a trench, the
met hod conprising the foll ow ng steps:

nmounting the first excavation tool under the
support frane;

excavating a first layer of ground with the first
excavation tool;

replacing the first excavation tool under the
support franme (34) with the second excavation tool; and
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excavating a second | ayer of ground with the
second excavation tool.



