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Description

[0001] The invention relates to a displacement tool for
displacing soil.

[0002] For making a concrete pile it is known to make
use of adisplacement tool. The displacement tool serves
to dig a substantially cylindrical pile bore in the ground
wherein the pile bore corresponds to the dimensions of
the pile. In order to increase a load bearing capacity of
the pile it is known to use a threaded displacement tool.
The soil is displaced sideways during the insertion of the
displacement tool. Such a displacement results in anim-
provement of the pile bearing condition. The pile is gen-
erated by inserting concrete through a hollow of the dis-
placement tool while pulling out the tool form the pile
bore. EP 2 685 006 B1 discloses such a displacement
tool.

[0003] A disadvantage of the known displacement tool
is that the friction between the displacement tool and the
soil increases with increasing length of the thread. This
leads to that a huge high weight machine has to be pro-
vided in order to apply the needed torque to the displace-
ment tool. However, sometimes it is not possible or not
wished to use such a machine for various reasons.
[0004] The object of the invention is to provide an im-
proved displacement tool.

[0005] The object is solved by a displacement tool for
displacing soil, wherein the displacement tool comprises
a tubular member and a displacement means connected
to the tubular member in a rotationally fixed manner,
wherein the displacement means comprises a cylindrical
portion enclosing the tubular member, wherein the dis-
placement means comprises a, in particular helical,
thread that is only arranged on the cylindrical portion
wherein the thread comprise at least one, in particular
merely one, winding wherein.

a. at least one tooth is arranged at an end of the
thread and/or in that

b. at least one further tooth is arranged at another
end of the thread.

[0006] Theinventive subject-matter has the advantage
that the friction between the thread and the soil is lower
as the thread is only arranged at the cylindrical portion
of the displacement tool. It has been recognized that it
is not necessary to provide the thread over the complete
length of the tubular member but only on cylindrical por-
tion of the displacement means. Additionally, a high load
bearing capacity of the pile is achieved in that the cylin-
drical portion encloses the tubular member and, thus,
has a larger diameter than the tubular member. Such a
displacement means enables the usage of a low-weight
machine in order to dig pile bores. The cylindrical portion
encloses the tubular member in circumferential direction
ofthe tubularmember. In particular, the cylindrical portion
encloses the tubular member by 360° in circumferential
direction of the tubular member.
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[0007] As the thread comprises at least one, in partic-
ular merely one, winding the friction between the dis-
placement tool, in particular between the thread and the
soil, is low. A winding of the thread is achieved by a ro-
tation of the tubular means and, thus, the displacement
means by 360°.

[0008] Another advantage of the displacement tool is
that the tooth and/or further tooth ensure easy cutting
through the soil, hence reducing the friction between the
displacement tool and the soil. The tooth and/or further
tooth can be from a different material than the remaining
part of the thread.

[0009] According to an embodimentthe thread can ex-
tend from one end of the cylindrical portion to another
end of the cylindrical portion in axial direction of the cy-
lindrical portion and/or the tubular means. Thus, a plane
exists that comprises the end of the cylindrical portion
and the thread. Additionally, another plane exists that
comprises the other end of the cylindrical portion and the
thread. The extension of the thread over the complete
length of the cylindrical portion in axial direction has the
advantage that the contact surface between the thread
and the soil is low. However, as the thread has a long
extension in axial direction of the cylindrical portion
and/or tubular means a lot of soil can be displaced in
radial direction with respect to the tubular means during
one rotation of the tubular means. By using the displace-
ment means for digging a vertical pile bore the radial
direction corresponds with a horizontal direction. The
thread can be welded to the cylindrical portion.

[0010] The thread can comprise exactly two teeth ar-
ranged at the end of the thread and/or exactly two further
teeth arranged at the other end of the helical thread. The
teeth can be arranged adjacent to each other in radial
direction of the tubular means and/or the displacement
means. Additionally, the helical thread can comprise ex-
actly two further teeth arranged at the other end of the
thread wherein the further teeth are arranged adjacent
to each other in radial direction of the tubular means
and/or the displacement means. The provision of two
teeth and/or two further teeth further simplifies the cutting
through the soil. Additionally, it enables that the thread
is longer in radial direction of the tubular means and/or
the displacement means. A teeth having a long radial
length leads to a pile with a high load bearing capacity.
[0011] The tooth and the further tooth can be identically
shaped. A tip of the tooth and/or a further tip of the further
tooth are arranged such that it lies on a thread line of the
thread. Such a formed tooth and/or further tooth can be
achieved when the tooth and/or the further tooth are
formed mirror symmetric. A mirror plane can comprise
the thread line of the helical thread. The tooth and/or the
further tooth can be shaped like an arrow. The tip of the
tooth and/or the tip of the further tooth can be arranged
offset to the remaining part of the thread.

[0012] The tooth and the further tooth can be are ar-
ranged such that the tooth moves along a trajectory when
the tubular member is rotated and that the further tooth
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moves along the same trajectory when the tubular mem-
ber is rotated in an opposite direction. The provision of
the further tooth ensures maintaining the clear groove of
the pile bore in the soil. This is important as the groove
of the pile bore contributes to load bearing capacity of
the pile while saving concrete in the volume between the
helical threads.

[0013] Protrusions can be arranged on an upper face
of the thread. The protrusions can extend from the upper
face of the thread in radial direction and can be arranged
adjacent to each other along the thread line of the thread.
The provision of the protrusions has the advantage that
the thread is protected from wear and tear during the
operation of the displacement means.

[0014] According to another embodiment of the inven-
tion the displacement means can comprise a conical por-
tion that is connected with an end of the cylindrical portion
and/or the displacement means can comprises a further
conical portion that is connected with another end of the
cylindrical portion. The conical portion can be arranged
in an area of the displacement means proximal to an end
ofthe tubular member that has the opening through which
concrete can be released. The further conical portion can
be arranged in an area of the displacement means distal
to the end of the tubular means. The cylindrical portion
can be arranged between the conical portion and the
further conical portion in axial direction of the displace-
ment means and/or the tubular member.

[0015] The conical portion induces radial, in particular,
horizontal forces in the soil. The cylindrical portion to-
gether with the thread arranged is used for the stabiliza-
tion of the soil. The further conical portion is used for
densification of any loose soil areas during extraction of
the soil. The conical portion, the cylindrical portion and
the further conical shaped portion can form a one piece
displacement means.

[0016] The conical portion and/or the further conical
portion can be connected to the tubular member in a ro-
tationally fixed manner. It is possible to connect the con-
ical portion and/or the further conical portion via a weld
connection with the tubular member. In particular, an end
of the conical portion offset to the cylindrical portion
and/or an end of the further conical portion offset to the
cylindrical portion is connected to the tubular member in
the rotationally fixed manner.

[0017] The displacement means can comprise a plu-
rality of further protrusions arranged adjacent to each
other in a circumferential direction of the displacement
means. The further protrusions protect the displacement
means form tear and wear during its operation. The fur-
ther protrusions can extend in axial direction of the dis-
placement means from the conical portion and extend
via the cylindrical portion to the further conical portion.
The further protrusion extending in the cylindrical portion
can be interrupted by the thread.

[0018] The tubular member can pass through the dis-
placement means. In particular, the tubular member can
pass through the displacement means such that an end
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of the tubular member protrudes from the displacement
means in axial direction.

[0019] According to an embodiment of the invention
the displacement tool can comprises a closure means
thatin a closed state closes a hollow of the tubular mem-
ber and in an opened state releases the hollow of the
tubular member. In the closed state of the closure means
the concrete cannot flow out of the tubular member. In
the opened state of the closure means the concrete can-
not flow out of the tubular member. Such a closure means
has the advantage that the closure means does not re-
main in the pile bore when the displacement means is
retracted. This does not occur as the closure means is
mechanically connected to the tubular member.

[0020] The closure means can be built such that it ro-
tates in order to change from the closed state to the
opened state or vice versa. The closure means can be
attached to the end of the tubular member.

[0021] The displacement tool can comprises at least
one other tooth that is arranged at the end of the tubular
member. The tooth protects the closure means from be-
ing destroyed or damaged by loosening the soil when
the displacement tool is drilled.

[0022] According to an embodiment of the invention
the cylindrical portion can be arranged coaxially to the
tubular member and/or the cylindrical portion and the
conical portion and/or the further conical portion can be
arranged coaxially to each other.

[0023] The displacement means can be built such that
a ratio of an outer diameter of the cylindrical portion to
an outer diameter of the tubular member is between 1,5
to 2,5, in particular 1,8 to 2,2. Additionally, the displace-
ment tool can be built such that a ratio of an axial length
of the cylindrical portion to the length of the conical portion
and/or the further conical portion is between 1,5 to 2,5,
in particular 1,8 to 2,2. The length of the conical portion
can be longer in axial direction than the length of the
conical portion and/or the further conical portion. Such a
formed displacement tool has the advantage that a pile
with a high load bearing capacity can be achieved where-
in the torque to be applied is not such that huge weight
machines have to be used.

[0024] Of particular advantage is a machine compris-
ing a displacement tool according to the invention. The
machine comprises a drive unit for driving the displace-
ment tool. The drive unit can rotate the displacementtool.
Additionally, the drive unit can move the displacement
tool along the axial direction of the displacement means.
[0025] The machine comprises a control unit for con-
trolling the drive unit. The control unit can control the
rotational speed of the displacement tool. Additionally,
the control unit can control a downlift speed of the dis-
placement tool when it creates the pile bore and an uplift
speed of the displacement tool when the pile bore is gen-
erated and concrete is inserted into the pile bore. For
controlling the drive unit, the control unitcan send electric
control signals to the drive unit.

[0026] According to an embodiment of the invention
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the control unit controls the drive unit such that a ratio
between the uplift speed of the displacement tool and
therotational speed ofthe displacement tool corresponds
with a predetermined value. The value does not change
during the operation of the displacement tool and, thus,
is constant. Keeping a constant ratio between the rota-
tional speed and the uplift speed of the displacement tool
enables that the concrete screw created in the pile bore
has desired shape and strength properties. In particular,
the control unit can automatically control the drive unitin
order to keep the value constant during operation. In par-
ticular, the control unit keeps the ratio constant when the
rotation speed and/or the uplift speed change during the
operation. The control unit can control the drive unit such
that e.g. the uplift speed is reduced when the rotation
speed of the displacement tool is limited by soil resist-
ance.

[0027] The control unit can control the drive unit such
that the drilling is made with maximum speed of the dis-
placement tool when the pile bore is generated. In par-
ticular, the drive unit can be controlled such that the ratio
between the rotational speed and the uplift speed is not
constant during creation of the pile bore.

[0028] Theratiodependsonathread pitch ofthe helical
thread. If flight spacing is x [meter], then relation between
uplift speed and rotation sped is equal to 1[meter]/x[me-
ter], eg. if the flight spacing is 0,25 m the displacement
tool rotation speed combined with uplift speed is equal
1/0,25 =4, which means that in order to achieve required
pile shape it is necessary to get four rotations on each
1m of uplift.

[0029] Inthefigures, the subject-matter ofthe invention
is schematically shown, wherein identical or similarly act-
ing elements are usually provided with the same refer-
ence signs. Here shows:

Fig. 1  shows a perspective view of the displacement
tool according to an embodiment of the inven-
tion,

Fig.2 shows a side view of the displacement tool
shown in fig. 1,

Fig 3 shows a cross section view of the displacement
means shown in fig. 2,

Fig.4 shows a front view of the displacement tool
shown in fig. 1,

Fig.5 shows a rear view of the displacement tool
shown in fig. 1,

Fig. 6  shows a machine to which a displacement tool
as shown in fig. 1 to 5 is attached.

[0030] Adisplacementtool 1 shown infig. 1 comprises

a tubular member 2 and a displacement means 3. The
displacement means 3 is connected with the tubular
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member 2 in a rotationally fixed manner. That means, it
is not possible that the displacement means 3 and the
tubular member 2 rotate relative to each other. The dis-
placement means 3 comprises a cylindrical portion 4 en-
closing the tubular member 2. In particular, the tubular
member 2 passes through the displacement means 3
and protrudes from the displacement means 3 in an axial
direction A of the displacement tool 1. The displacement
means 3 comprises a thread 5 that is only arranged on
the cylindrical portion 4. The thread 5 can be a helical
thread.

[0031] The tubularmember 2 is arranged coaxially with
respect to the displacement means 3. A closure means
20 is attached to the end of the tubular member 2 that
protrudes from the displacement means 3. A connection
means 23 is arranged at another end of the tubular mem-
ber 2. The connection means 23 is used to attach the
displacement tool 1 to a machine 24 that is shown in
figure 6. The machine 24 applies a torque to the displace-
ment tool 1 and can move the displacement tool 1 along
the axial direction A so that the displacements tool 1 can
dig a pile bore in a ground.

[0032] Thedisplacementmeans 3 comprises a conical
portion 17 that is connected with the cylindrical portion
4. In particular, the conical portion 17 is connected with
an end of the cylindrical portion 4. An end of the conical
portion 17 offset from the cylindrical portion 4 is connect-
ed with the tubular member 2 in a rotationally fixed man-
ner. The end of the conical portion 17 has a cross section,
in particular diameter, smaller than the cross section, in
particular diameter, of the conical portion 17 being con-
nected with the cylindrical portion 4. Thus, the conical
portion 17 is arranged such that the cross section, in par-
ticular diameter, increases from the end of the conical
portion 17 along the axial direction A towards the con-
nection means 23.

[0033] Additionally, the displacement means 3 com-
prises a further conical portion 18 that is connected with
the cylindrical portion 4. In particular, the further conical
portion 18 is connected with another end of the cylindrical
portion 4. An end of the further conical portion 18 offset
from the cylindrical portion 4 is connected with the tubular
member 2 in a rotationally fixed manner. The end of the
further conical portion 18 has a cross section, in particular
diameter, smaller than the cross section, in particular di-
ameter, of the further conical portion 18 being connected
with the cylindrical portion 4. Thus, the further conical
portion 18 is arranged such that the cross section, in par-
ticular diameter, decreases from the cylindrical portion 4
along the axial direction A towards the connection means
23.

[0034] The cylindrical portion 4 is arranged between
the conical portion 17 and the further conical portion 18
in axial direction A of the displacement tool 1. The conical
portion 17, the cylindrical portion 4 and the further conical
portion 4 are formed as one piece component.

[0035] The displacement means 3 comprises protru-
sions 15 that are arranged on an upper face 16 of the
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thread 5. The protrusions 15 are arranged adjacent to
each other along the extension of a thread line 14 shown
infig. 2. Additionally, the displacement means 3 compris-
es further protrusions 19. The further protrusions 19 are
arranged on the conical portion 17, the cylindrical portion
4 and the further conical portion 18. They extend in axial
direction A from the conical portion 17 towards the further
conical portion 18. The further protrusions 19 arranged
on the cylindrical portion 4 are interrupted in their exten-
sion by the helical thread 5.

[0036] Two teeth 8 are arranged at an end 10 of the
helical thread 5. The end 10 of the thread 5 is arranged
proximal to the conical portion 17. The two teeth 8 are
arranged adjacent to each other in a radial direction R of
the displacement tool 1 as can be seen in fig. 4. Two
further teeth 9 are arranged at another end 11 of the
helical thread 5. The other end 11 of the thread 5 is ar-
ranged proximal to the further conical portion 18. The two
further teeth 9 are arranged adjacent to each other in the
radial direction R of the displacement tool 1.

[0037] The teeth 8 and further teeth 9 are arranged
and orientated such that the teeth 8 move along a trajec-
tories when the tubular member 2 is rotated in order to
create the pile bore and that the further teeth 9 move
along the same trajectories when the tubular member 2
is orientated in the opposite direction during the extrac-
tion of the displacement tool 1.

[0038] The displacement tool 1 comprises two other
teeth 22. The other teeth 22 are arranged on the end of
the tubular member 2 that protrudes from the displace-
ment means 3 in axial direction. The other teeth 22 are
arranged adjacent to each other in a circumferential di-
rection of the tubular member 22.

[0039] Fig. 2 shows a side view of displacement tool
1 shown in fig. 1. The thread 5 attached directly on the
cylindrical portion 4 comprises one winding and extends
from the end of the cylindrical portion 4 connected with
the cylindrical portion 17 to the other end of the cylindrical
portion 4 connected with the further conical portion 18.

[0040] Thetooth 8 and the further tooth 9 are identically
shaped. Thus, in the following, only the structure of the
tooth 8 is described. The tooth 8 has a tip 12 that lies on
the thread line 14 of the helical thread 5. The tooth 8 is
formed mirror symmetrically. In particular, the tooth 8 is
symmetrically to a plane comprising the thread line 14.
Likewise, the further tooth 9 comprises a further tip 13
that lies on the thread line 14.

[0041] Fig. 3 shows a cross section of the displace-
ment means 3 shown in fig. 2. The tubular member 2
comprises a hollow 21 that extends through the complete
tubular member 3. Concrete is inserted via the hollow 21
in order to create the pile while the displacement tool 1
is retracted. The closure means 20 is positioned in an
opened state so that concrete can be released by the
tubular means 2 into the pile bore that is not shown in
the figures. The closure means 20 is attached to the tu-
bular member 2 and is transferred from the opened state
to a closed state by rotation in the bore. In the closed

10

15

20

25

30

35

40

45

50

55

state no concrete can be released by the displacement
tool 1.

[0042] The displacement means 3 has an interior
through which the tubular member 2 passes. The cylin-
drical portion 4 has an outer diameter that is larger than
an outer diameter of the tubular member 2. Additionally,
an inner diameter of the cylindrical portion 4 is chosen
such that there is a distance in radial direction between
the cylindrical portion 4 and the tubular member 2.
[0043] Fig. 4 shows a front view of the displacement
tool 1 shown in fig. 1 and fig. 5 shows a rear view of the
displacement tool 1 shown in fig. 1. As is evident from
fig. 4, the other teeth 22 are diametrically arranged to
each other with respect to the tubular member 2.
[0044] The two teeth 8 arranged at the end 10 of the
thread 5 are arranged adjacent to each other in radial
direction R. Likewise, the two further teeth 9 arranged at
the other end 11 of the thread 5 are arranged adjacent
to each other in radial direction R.

[0045] Fig. 6 shows a machine 24 to which a displace-
ment tool 1 as shown in fig. 1 to 5 is attached. The ma-
chine 24 comprises a drive unit 25. The drive unit 25 is
adapted to rotate the non-shown displacement tool 1 and
to move it in vertical direction that corresponds the axial
direction A of the displacement tool 1. By moving the
displacement tool 1 in vertical direction the pile bore is
created or the displacement tool is retracted from the pile
bore. The retraction direction is opposite to the drilling
direction. The machine 24 also comprises a control unit
26 that controls the drive unit 25. In particular, the control
unit 26 sends electric control signals to the drive unit 25
via non-shown wires in order to control the drive unit 25.
[0046] The control unit 26 controls the drive unit 25
such that a ratio between an uplift speed of the displace-
ment tool 1 and a rotational speed of the displacement
tool is constant. The ratio depends on a thread pitch of
the helical thread 5. During the uplift movement of the
displacement means concrete can be inserted into the
pile bore via the displacement tool 1.

Reference Signs
[0047]

1 displacement tool

2 tubular member

3 displacement means
4 cylindrical portion

5 helical thread

8 tooth

9 further tooth

10  end of helical thread
11 other end of helical thread
12 tip

13 further tip

14  thread line

15  protrusion

16  upper face
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17  conical portion

18  further conical portion

19  further protrusions

20 closure means

21 hollow

22  other tooth

23  connection means

24 machine

25  drive unit

26  control unit

A axial direction

R  radial direction

Claims

1. Displacement tool (1) for displacing soil, wherein the
displacement tool (1) comprises:

atubularmember (2) and a displacement means
(3) connected to the tubular member (2) in a
rotationally fixed manner, wherein the displace-
ment means (3) comprises a cylindrical portion
(4) enclosing the tubular member (2), wherein
the displacement means (3) comprises a, in par-
ticular helical, thread (5) that is only arranged
on the cylindrical portion (4) characterized in
that the thread (5) comprises at least one, in
particular merely one, winding wherein

a. at least one tooth (8) is arranged at an

end (10) of the thread (5) and

b. at least one further tooth (9) is arranged

at another end (11) of the thread (5), in par-

ticular opposite to the first end (10).

2. Displacement tool (1) according to claim 1, charac-
terized in that the thread (5) extends from one end
of the cylindrical portion (4) to another end of the
cylindrical portion (4) in axial direction (A).

3. Displacementtool (1) according to claim 1or 2, char-

acterized in that

a. exactly two teeth (8) are arranged at the end
(10) of the thread (5) and/or exactly two further
teeth (9) arranged at the other end (11) of the
thread (5) or in that

b. exactly two teeth (8) are arranged at the end
(10) of the thread (5) wherein the teeth (8) are
arranged adjacent to each other in radial direc-
tion (R) and/or in that

c. exactly two further teeth (9) are arranged at
the other end (11) of the thread (5) wherein the
further teeth (9) are arranged adjacent to each
other in radial direction (R).
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4.

5.

Displacement tool (1) according to one of the claims
1 to 3, characterized in that

a. the tooth (8) and the further tooth (9) are iden-
tically shaped and/or in that

b. a tip (12) of the tooth (8) and/or a further tip
(13) of the further tooth (9) are arranged such
that it lies on a thread line (14) of the thread (5)
and/or in that

c. the tooth (8) and/or the further tooth (9) is
formed mirror symmetric and/or in that

d. the tooth (8) and the further tooth (9) are ar-
ranged such that the tooth (8) moves along a
trajectory when the tubularmember (2)is rotated
and that the further tooth (9) moves along the
same trajectory when the tubular member (2) is
rotated in an opposite direction.

Displacement tool (1) according to one of the claims
1 to 4, characterized in that protrusions (15) are
arranged on an upper face (16) of the thread (5).

Displacement tool (1) according to one of the claims
1 to 5, characterized in that:

a. a conical portion (17) connected to the cylin-
drical portion (4) and a further conical portion
(18) connected to the cylindrical portion (4) is
connected to the tubular member (2) in a rota-
tionally fixed manner; or

b. an end of the conical portion (17) offset to the
cylindrical portion (4) and/or an end of the further
conical portion (18) offset to the cylindrical por-
tion (4) is connected to the tubular member (2)
in a rotationally fixed manner.

Displacement tool (1) according to one of the claims
1 to 6, characterized in that the displacement
means (3) comprises a plurality of further protrusions
(19) arranged adjacent to each other in a circumfer-
ential direction of the displacement means (3) where-
in:

a. the further protrusions (19) extend in axial di-
rection (A) from the conical portion (17) via the
cylindrical portion (4) to the further conical por-
tion (18); and/or

b. the further protrusion (19) extending in the
cylindrical portion (4) are interrupted by the
thread (5).

Displacement tool (1) according to one of the claims
1to 7, characterized in that the tubular member (2)
passes through the displacement means (3).

Displacement tool (1) according to one of the claims
1 to 8, characterized in that the displacement tool
(1) comprises a closure means (20) that in a closed
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state closes a hollow (21) of the tubular member (2)
and in an opened state releases the hollow (21) of
the tubular member (2).

Displacement tool (1) according to claim 9, charac-
terized in that

a. the closure means (20) rotates in order to
change from the closed state to the opened state
or vice versa; and/or

b. the closure means (20) is attached to an end
of the tubular member (2).

Displacement tool (1) according to one of the claims
1to 10, characterized in that the displacement tool
(1) comprises at least one other tooth (22) that is
arranged at the end of the tubular member (2).

Displacement tool (1) according to one of the claims
1 to 11, characterized in that

a. a ratio of an outer diameter of the cylindrical
portion (4) to an outer diameter of the tubular
member (2) is between 1,5 to 2,5.

b. a ratio of an axial length of the cylindrical por-
tion (4) to the length of the conical portion is be-
tween 1,5 to 2,5.

Machine (24) for creating a pile bore comprising a
displacement tool (1) according to one of the claims
1to 12.

Machine (24) according to claim 13, characterized
in that the machine (24) comprises a drive unit (25)
for driving the displacement tool (1) and a control
unit (26) for controlling the drive unit (25) wherein
the control unit (26) controls the drive unit (25) such
that a ratio between an uplift speed of the displace-
ment tool (1) and a displacement tool (1) rotational
speed corresponds with a predetermined value.

Machine (24) according to claim 14, characterized
in that the ratio depends on a thread pitch of the
thread (5).
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