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Apparatus for forming a trench in the surface of
the earth

The invention relates to an apparatus for forming
a trench in the surface of the earth, for example a trench
for energy lines, communication lines, etc., which apparatus
comprises a frame provided with propulsion means, on which
frame at least one trench forming device is mounted.

Over the years a large number of cables and pipes
have been laid in the ground, such as telephone cables,
television cables and public utility lines. Also in the
future a large number of such underground cables and pipes
will have to be laid. To that end, trenches are formed in
the ground by means of apparatus especially intended for
that purpose, the cables and pipes are laid in such trenches
and subsequently the trenches are filled up again with the
material that was initially removed therefrom.

The trenches being formed in the surface of the
earth may be trenches on land or trenches in the seabed.

In a known apparatus of the type to which the pre-
sent invention relates, the trench-forming device is made up
of a rotating cutter, whose circumferential shape in princi-
ple defines the shape of the trench being formed. When such
a cutter is used, only part of the circumference of the cut-
ter is in contact with the surface of the earth, which leads
to major vibrations and shock loads being generated, and it
is attempted to avoid said vibrations and shock loads by de-
signing the apparatus to have a large weight. It stands to
reason that such a large weight is disadvantageous. In an-
other known apparatus, the trench-forming device is made up
of two circular saws arranged beside each other, by means of
which the side walls of the trench are formed; the removal
of the material present between the cuts made by the circu-
lar saws must be removed in an additional operation so as to

form the trench.
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As 1t is to be expected that the number of under-
ground cables and pipes will further increase in the future,
regions of the earth’s surface that were hitherto not con-
sidered suitable, such as regions having a hard, e.g. rocky
bottom, are presently being considered as locations for the
trenches to be formed. It has become apparent that the
aforesaid known apparatuses are hardly capable, if at all,
to form the desired trenches in a hard bottom in a satisfac-
tory manner (i.e. sufficiently quickly and at reasonable
cost, among other things).

In view of the foregoing it is an object of the
present invention to provide an improved apparatus of the
type referred to in the introduction.

According to the present invention, an apparatus
for forming a trench in the surface of the earth is to that
end characterized in that the trench-forming device com-
prises at least one driveable drill bit, whose axis of rota-
tion is oriented substantially parallel to the direction of
movement of the apparatus during operation of the apparatus.

The applicant has found that, surprisingly, it ap-
pears to be possible to use a drill bit that is known per
se, inter alia from the oil and gas exploration industries,
in an apparatus for forming a trench in the surface of the
earth. Suitable positioning of such a drill bit, with the
axis of rotation thereof being oriented substantially paral-
lel to the direction of movement of the apparatus during op-
eration of the apparatus, makes it possible to form a trench
in the surface of the earth in an effective manner (quickly
and at relatively low-cost), even if the surface of the
earth consists of a hard material (for example rocky bot-
tom) . Moreover, such a drill bit is in contact with the sur-
face of the earth over its entire circumference, as a result
of which vibrations and shock loads are prevented and the
apparatus may have a lower weight, with all the attendant

advantages.
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In a preferred embodiment of the apparatus accord-
ing to the invention, the drill bit is movable between an
operative position, in which the drill bit is in contact
with the ground, and an inoperative position, in which the
drill bit is not in contact with the ground.

When such a construction of the apparatus accord-
ing to the invention is used, the versatility and usability
of the apparatus increase advantageously. Thus it is possi-
ble to move the apparatus over the bottom in the inoperative
position thereof, to a location where the trench is to
start. The forming of the trench can be started by moving
the drill bit to its operative position at that location. In
the inoperative position of the apparatus, however, the ap-
paratus can be moved without a trench being formed.

There are various possibilities of moving the
drill bit between the aforesaid operative position and the
aforesaid inoperative position. Thus the drill bit may be
pivotable about a pivot axis extending substantially trans-
versely to the aforesaid direction of movement. It is also
possible, however, for the transverse axis to be movable
with respect to the frame. Furthermore it is possible to use
a combination of said movements, so that it is possible to
obtain an optimum movement of the drill bit, in particular
when moving the drill bit from the inoperative position to
the operative position, which movement makeg it easgier to
form the beginning of a trench, for example (when the drill
bit must first be inserted into the ground).

In another, preferred embodiment of the apparatus
according to the invention, the trench-forming device con-~
sists of a number of drill bits with mutually overlapping
operating ranges, which are arranged substantially side by
side. The mutually overlapping operating ranges jointly de-
fine the cross-sectional shape of the trench being formed.

If the trench must be narrow yet deep, as is often

the case, it will be advantageous for the drill bits to be .
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arranged one above another, each drill bit taking up a for-
wardly staggered position, seen in the direction of move-
ment, with respect to the drill bit positioned directly
thereunder. If the drill bits are arranged in such a stag-
gered position, one above another, it will be possible to
form a narrow, deep trench in a very effective manner.

As regards the propulsion of the apparatus accord-
ing to the invention, the following can be noted. The pro-
pulsion means of the frame may include caterpillar tracks,
via which the apparatus can independently move over the bot-
tom, thereby generating the driving force that causes the
drill bit or drill bits to move through the surface of the
earth. Especially in those cases in which the apparatus ac-
cording to the invention is intended for forming a trench in
the seabed, the propulsion means may comprise at least one
screw propeller mounted on the frame. Such a screw propeller
may also be used in combination with the aforesaid caterpil-
lar tracks, of course. The additional advantage of such
screw propellers is the fact that they are capable of gener-
ating a propulsion force that does not depend on the weight
of the apparatus, which is advantageous in particular on a
sloping surface. Moreover, said screw propellers may also be
used for positioning the apparatus above a desired location
before it is lowered onto the seabed.

The drivability of the apparatus can be further
optimised if such a screw propeller is adjustable with re-
spect to the frame, for example about a vertical axis and/or
a lateral axis of the frame.

In a practical embodiment of the apparatus accord-
ing to the invention, the apparatus comprises four screw
propellers disposed in the corner points of a rectangle.

If the apparatus is intended for forming a trench
in the seabed, as noted above, the apparatus will generally
co-operate with a mother ship and be connected thereto, in-

ter alia via control and communication lines. Cameras may be
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mounted on the frame of the apparatus, for example, by means
of which cameras operators present on the mother ship can
view the working environment of the apparatus present on the
seabed. Such connections between a mother ship and a device
present on the seabed are known per se and need not be ex-
plained in more detail herein.

It may furthermore be noted that the apparatus is
generally provided with various driving means, which are
likewise known per se, for carrying out its functions, which
may obtain the energy they require via an energy line that
connects the apparatus to the aforesaid mother ship, but the
apparatus may also have its own energy source.

The invention will be explained in more detail be-
low with reference to the drawings, which show an embodiment
of the apparatus according to the invention.

Fig. 1 is a perspective view of an embodiment of
the apparatus according to the invention;

Fig. 2 is a front view of the device of Fig. 1,
showing the apparatus in an operative position thereof;

Fig. 3 is a partially cut-away side elevation of
the apparatus of Fig. 1, showing the apparatus in an inop-
erative position thereof;

Figs. 4 and 5, similarly to Fig. 3, show the same
apparatus during a transition phase from the inoperative po-
sition to the operative position; and

Fig. 6 is a view of the same apparatus in the op-
erative position. “

The figures show an embodiment of an apparatus for
forming the trench in the surface of the earth that is
mainly intended for offshore applications, for example for
forming a trench in the seabed. Although this is not shown
in the drawings, such an apparatus may be connected to a
mother ship by means of cables and/or pipes.

The apparatus comprises a frame 1 provided with a

left-hand caterpillar track 2 and a right-hand caterpillar
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track 3. The frame 1, which is rectangular in this embodi-
ment, is provided with screw propellers 4 in its four corner
points, which are each adjustable, in a manner not shown,
such that they can move both about a vertical axis and about
a lateral axis. The techniques that are used for this pur-
pose are known per se and need not be explained in more de-
tail herein.

The driving means used for driving the caterpillar
tracks 2,3 and the screw propellers 4 are likewise comprised
in the prior art, and consequently they need not be ex-
plained in more detail herein, either. Nor will the energy
source for such driving means be discussed in detail herein,
which energy source may have any known formv(on board the
apparatus or on board a mother ship).

With reference in particular to Fig. 2, it is ap-
parent from said figure that a supporting arm 5 is mounted
on the frame 1 via an operating mechanism (yet to be de-
scribed), which arm carries three drill bits 6 in the illus-
trated embodiment. Said drill bits, which are of conven-
tional construction, are known from the gas and oil explora-
tion industries, for example.

The operating mechanism 7 that is shown in front
view in Fig. 2 will now be explained in more detail with
reference to Fig. 3. Referring to Fig. 1, it is noted in
this connection that a number of the components of the oper-
ating mechanism to be described below are of dual construc-
tion in the illustrated embodiment. A pivoting arm 8 is piv-
otally connected to the frame 1 at a connecting point 9. The
opposite end of the pivoting arm 8 is pivotally connected,
at the location of a pivot axis 10, to the supporting arm 5
that carries the drill bits 6 (and the driving units 6’
thereof) . Driving means, such as a cylinder-piston assembly
12, are disposed between a second connecting point 11 on the
frame 1 and the pivoting arm 8 (in particular a bracket or

the like mounted thereon). The pivoting arm 8 can be pivoted
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about the connecting point 9 with respect to the frame 1 by
energizing said cylinder-piston assembly 12.

Referring also to Fig. 4, the figure shows that
driving means, such as a cylinder-piston assembly 14, are
arranged between a third connecting point 13 connected to
the frame 1 and the supporting arm 5. The supporting arm 5
can be pivoted about the pivot axis 10 by energizing said
cylinder-piston assembly 14.

The position and dimensions of the various compo-
nents of the operating mechanism 7, as well as the moment of
energizing the cylinder-piston assemblies 12 and 14, deter-
mine the pivoting of the pivoting arm 8 as well as the piv-
oting of the supporting arm 5 about the pivot axis 10 (and
thus about the pivoting arm 8).

The operation of the apparatus will now be ex-
plained in more detail with reference to Figs. 3-6.

In figure 3, the operating mechanism 7 is posi-
tioned such that the drill bits 6 are positioned above the
ground 15 in which a trench is to be formed. In this so-
called inoperative position, the cylinder-piston assembly 12
is fully retracted and the cylinder-piston assembly 14 is
extended. Important is that the drill bits 6 cannot come
into contact with the ground 15 in this inoperative posi-
tion; the spatial orientation of the drill bits is of minor
importance in this connection.

Subsequently, the cylinder-piston assembly 12 is
extended, whilst the cylinder-piston assembly 14 is re-
tracted. This will cause the pivoting arm 8 to pivot in
clockwise direction about the connecting point 9 (as a re-
sult of which the drill bits 6 will be directed towards the
ground 15 with their operative front ends). In the meantime
the drill bits 6 have been activated by their respective '
drive units 6', and with the drill bits penetrating the soil
15 deeper and deeper, the forming of a trench 16 in the

ground is started.
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Figure 5 shows a next situation, in which the piv-
oting arm 8 has been pivoted further about the connecting
point 9, whilst the cylinder-piston assembly 14 has been
slightly extended again, as a result of which the supporting
arm 5 is pivoted in clockwise direction about the pivot axis
10 again relative to the position that is shown in Fig. 4.

Finally, a so-called operative position of the ap-
paratus is reached in Fig. 6, in which position the axis of
rotation of the drill bits 6 extends substantially in the
direction of movement of the apparatus. A situation has now
been reached in which a trench 16 having desired dimensions
is formed while the apparatus is being moved ahead.

Fig. 6 clearly shows that the drill bits 6 are po-
sitioned one above another in the illustrated operative po-
sition, such that each drill bit 6 is staggered in forward
direction, seen in the direction of movement (from the right
to the left in Fig. 6) with respect to the drill bits 6 po-
sitioned directly thereunder.

The invention is not limited to the embodiment as
described above, which can be varied in many ways within the

scope of the invention as defined in the claims.
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CLAIMS

1. An apparatus for forming a trench in the
surface of the earth, for example a trench for energy linesg,
communication lines, etc., which apparatus comprises a frame
provided with propulsion means, on which frame at least one
trench forming device is mounted, characterized in that the
trench-forming device comprises at least one driveable drill
bit, whose axis of rotation is oriented substantially paral-
lel to the direction of movement of the apparatus during op-
eration of the apparatus.

2. An apparatus according to claim 1, wherein the
drill bit is movable between an operative position, in which
the drill bit is in contact with the ground, and an inopera-
tive position, in which the drill bit is not in contact with
the ground.

3. An apparatus according to claim 2, wherein the
drill bit is pivotable about a pivot axis extending substan-
tially transversely to said direction of movement.

4. An apparatus according to claim 3, wherein the
transverse axis is movable with respect to the frame.

5. An apparatus according to claim 4, wherein the
drill bit is pivotally connected to an arm, which arm itself
is pivotable with respect to the frame.

6. An apparatus according to claim 1-5, wherein
the trench-forming device consists of a number of drill bits
having mutually overlapping operating ranges, which are ar-
ranged substantially side by side.

7. An apparatus according to claim 6, wherein the
drill bits are arranged one above another, each drill bit
taking up a forwardly staggered position, seen in the direc-
tion of movement, with respect to the drill bit positioned

directly thereunder.
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8. An apparatus according to any one of the pre-
ceding claims, wherein the propulsion means of the frame in-
clude caterpillar tracks.

9. An apparatus according to any one of the pre-
ceding claimg, in particular intended for forming a trench
in the seabed, wherein said propulsion means comprise at
least one screw propeller mounted on the frame.

10. An apparatus according to claim 9, wherein
said screw propeller is adjustable with respect to the
frame, for example about a vertical axis and/or a lateral
axis of the frame.

11. An apparatus according to c¢laim 9 or 10, com-
prising four screw propellers disposed substantially at the

corner points of a rectangle.
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