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Title:  Vibratory hammer with electric motor

The invention relates to a vibratory hammer for driving or retracting sheet piles, pipes or other
elements into or from the soil, said vibratory hammer comprising:

- a vibration case;

- an even number of pairwise arranged eccenter weights, which are rotationally
mounted in the vibration case;

- at least one drive motor for driving the rotation of the eccenter weights;

- a clamp attached to the vibration case, said clamp comprising gripping jaws for
gripping the sheet piles, pipes or other elements; and

- a yoke for suspending the vibratory hammer from a hoist cable on arig, a crane or
the like, said yoke being connected to the vibration case via one or more vibration damping

elements.

Vibratory hammers are known in the art for driving or retracting sheet piles, pipes, columns
etc. in the soil. The vibratory hammer is in practice suspended from a crane or rig or a similar
device. A sheet pile, for example, is gripped by the clamp and placed on the soil. By operating
the eccenter weights in the vibration case, vibrations are generated which are transferred

from the vibration case via the clamp into the sheet pile and into the surrounding soil.

Conventionally the vibratory hammers were equiped with hydraulic motors for driving the
rotation of the eccenter weights. An example of such a vibratory hammer is shown in

US 2015/0027744 A1. This so called vibro hammer includes an upper and a lower weight set
which are each driven by a hydraulic motor. The weight sets are mutually coupled by a
transmission device by means of which the phase angle between the weight sets can be
changed. The hydraulic motors advantageously provide a high power, while being relatively

compact.

As an alternative to hydraulically driven vibratory hammers there have been proposed
electrically driven vibratory hammers. The advantage being that no hydraulic power system is
necessary, which makes the apparatus more efficient, less complex to manufacture and

reduces maintenance.

In particular it is known to equip a vibratory hammer with asynchronous electric motors. An
example of such a vibratory hammer is disclosed in DE 10 2011 103 401 B4. In this particular
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vibratory hammer the eccenter weigths are arranged in two pairs. Each eccenter weight is
driven by a separate asynchronous electric motor directly coupled to the eccenter shaft of the
respective eccenter weight. The phase angle between the eccenter weights is electronically
adaptable in this specific vibratory hammer. Although a direct coupling of the separate
asynchronous motors with the shafts of the eccenter weights is quite appealing in view of
simplicity of construction and the omission of a hydraulic system and transmission parts
which are prone to wear and need maintenance, this known vibratory hammer is quite bulky
compared to hydraulically driven vibratory hammers, whilst the electrically driven vibratory
hammer is able to provide much less power than the (smaller) hydraulically driven vibratory
hammer. This known electrically driven vibratory hammer is therefore only usable for
relatively light applications. Moreover, a more bulky vibratory hammer is more difficult to
maneuver in place to position a sheet pile or other element which impairs the practical use of

this electrically driven vibratory hammer.

There are also known heavier electrically driven vibratory hammers to fulfil higher power
requirements, However, in that case the larger asynchronous motors are placed on top of the
vibratory casing, wherein the eccenter weights are driven by the motors via an endless belt

transmission. Such a vibratory hammer is for example shown in CN 102839667 .

The present invention has for an object to provide an alternative vibratory hammer.

This object is achieved by a vibratory hammer for driving or retracting sheet piles, pipes or
other elements into or from the soil, said vibratory hammer comprising:

- a vibration case;

- an even number of pairwise arranged eccenter weights, which are rotationally
mounted in the vibration case;

- at least one drive motor for driving the rotation of the eccenter weights;

- a clamp attached to the vibration case, said clamp comprising gripping jaws for
gripping the sheet piles, pipes or other elements; and

- a yoke for suspending the vibratory hammer from a hoist cable or the like, said yoke
being connected to the vibration case via one or more vibration damping elements, wherein

the at least one drive motor is a synchronous electric motor.

In particular the synchronous electric motor is a permanent magnet synchronous motor
(PMSM).
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The synchronous motor, in particular the PMSM, provides a far more compact design to
vibratory hammer whilst the power it provides approximates the power density (power per unit

volume — W/m?) of the hydraulically driven vibratory hammers.

The PMSM may be of the axial flux type or of the radial flux type. The motor may be air

cooled or water cooled.

The PMSM'’s of a radial or axial flux type have the possibility to operate at much higher
speeds than standard hydraulic motors (10.000 rpm for the PMSM vs. 3000 rpm for the
hydraulic motor). This offers the opportunity to vibrate with the same centrifugal force but with

a lower inertia.

The at least one drive motor is preferably attached to the vibration case. The vibration case
has a front side and a back side perpendicular to the eccenter shafts of the eccenter weights.
The PMSM has a very limited dimension in the direction of its centre axis; in other words it is
relatively flat. Thereby the PMSM can be arranged on the outer side on the front or back side
of the vibration case without the PMSM extending the dimension of the case in the direction

parallel to the eccenter shafts.

In another possible embodiment the motor may be integrated in the eccenter shaft, wherein
stator windings would be located inside the shaft and the permanent magnets would be
arranged around the windings inside the hollow shaft of the eccenter weight. In this
embodiment the stator windings and the permanent magnets are thus both inside the

eccenter shaft.

In a practical embodiment the vibratory hammer comprises four eccenter weights arranged in
two pairs one above the other. The center axes of the eccenter weights of one pair are
parallel and in use located in one substantially horizontal plane. The center axis of the
eccenter weight of one pair is parallel with the center axis of the corresponding eccenter

weight of the other pair and in use located in a substantially vertical plane therewith.

Notwithstanding the above also vibratory hammers with for example six, eight or even more
eccenter weights are possible. Furthermore it is possible to position the pairs of eccenter
weights next to each other in a horizontal direction instead of positioning one pair above the

other.
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The vibratory hammer may include one drive motor for each pair of eccenter weights. The
eccenter weights may be mutually coupled by meshing gears connected to the corresponding
eccenter shafts. The synchronous electric motor has a drive shaft which may carry a gear

wheel which cooperates with one of the gear wheels mounted on the eccenter shafts.

There may be a synchronisation shaft carrying one or more synchronisation gear wheels
which engage gears of two pairs of eccenter weights to synchronise the rotation of the two
pairs. The synchronisation shaft may include a phase angle adjustment feature, whereby the
rotational angle between two gears on the synchronisation shaft may be changed whereby
the phase angle between the pairs of eccenter weight can be changed. An example of such a
phase angle adjustment feature is shown in US 2015/0027744 A1.

In another possible embodiment the respective eccenter shafts may be directly connected to
the drive shaft of an associated synchronous motor (PMSM). In this embodiment each
eccenter shaft and corresponding eccenter weight thus has its own synchronous motor
(PMSM). This allows the omission of gears or other transmission elements and the possibility
to synchronise the eccenter weights by means of an electronic control system that controls
the synchronous motors. Also the adjustment of the phase angle between eccenter weights in
one pair may be done by the electronic control system. The adjustment of the phase angle
can also be done between eccenter pairs. Thus in a possible embodiment the
synchronisation between two eccenter weights of one pair can be done by a gear, while the
phase angle between different pairs can be adjusted electronically by means of a control

system.

In a particular embodiment a frequency drive or an inverter associated with each individual
PMSM is mounted on the vibratory hammer. This reduces the number and size of electrical

cables that have to run towards the vibratory hammer.

Preferably an electronic control system is provided which is connected with the frequency
drive or inverter of each PMSM so as to control the synchronous motors. The control system
may be configured to electronically control the phase angle between the eccenter weights.
Furthermore the control system may be configured to provide a proportional control of
centrifugal force and speed. Preferably the vibratory hammer is operated is controlled to
operate at a constant centrifugal force, which may be set to a desired value, but with a
proportional speed and thus vibration frequency. The control system thus allows to variably
set the centrifugal force and to select and vary the frequency that goes therewith, maintaining

a constant force.
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The invention will be further described in the following detailed description of a possible

embodiment with reference to the drawing, in which:

Fig. 1 shows a front elevational view of a vibratory hammer according to the invention,

Fig. 2 shows a side elevational view of the vibratory hammer of Fig. 1,

Fig. 3 illustrates a cross section through the line A-A indicated in Fig. 2,

Fig. 4 illustrates a cross section through the line B-B indicated in Fig. 1,

Fig. 5 shows a front elevational view of another vibratory hammer according to the invention,

Fig. 6 shows a side elevational view of the vibratory hammer of Fig. 5,

Fig. 7 illustrates a cross section through the line B-B indicated in Fig. 6, and

Fig. 8 illustrates a cross section through the line A-A indicated in Fig. 5.

In the figures 1-4 a vibratory hammer 1 is schematically illustrated. The vibratory hammer 1

comprises a vibration case 2 and a yoke 3.

The yoke 3 is a part designed to suspend the vibratory hammer 1 from a crane, a rig or
similar equipment. It comprises a member which can cooperate with a crane hook or the like
to attach it to a hoisting cable. The yoke 3 in this specific embodiment comprises an outer
housing 4 which includes the hook means 7 to cooperate with a hoisting hook of a crane or
rig. The yoke 3 furthermore comprises an inner part 5 which is rigidly attached to the vibration
case 2. The inner part 5 is received in the outer housing 4 and connected thereto via multiple
vibration absorbing elements 6 for example made of an elastomer material. The vibration
absorbing elements 6 prevent that vibrations generated in the vibration box 2 by operating the
vibratory hammer 1, are transferred to the equipment from which the vibratory hammer 1 is

suspended.

In the vibration box 2 two pairs of rotational eccenter weights are arranged, the eccenter
weights of one pair being indicated by reference numeral 8A, and the eccenter weight of the
other pair being indicated by reference numeral 8B. The eccenter weights 8A and 8B are

each arranged on an eccenter shaft 9A and 9B, respectively. The eccenter shafts 9A, 9B are
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mounted in the vibration case 2 with bearings 10. Gears 11A an 11B are mounted on the
eccenter shafts 9A and 9B, respectively (cf. Fig. 3). The gears 11A of the eccenter shafts 9A
of an upper pair of eccenter weights 8A mesh with each other whereby the two eccenter
weights 8A of the upper pair are synchronised with each other. Similarly, the gears 11B of the
eccenter shafts 9B of a lower pair of eccenter weights 8B mesh with each other whereby the

two eccenter weights 8B of the lower pair are synchronised with each other.

In a region of the vibration case 2 next to the pairs of eccenter weights two permanent
magnet synchronous motors (PMSM) 13A and 13B are mounted to the outer side of the
vibration case 2. In particular the motor 13A is arranged on the the front side of the vibration
case 2. The other motor 13B is arranged on the or back side of the vibration case 2. The
PMSM’s 13A, 13B each have a motor shaft which is connected to a respective drive shaft
12A, 12B, which is rotationally mounted in the vibration case 2. A gear wheel 14A is mounted
on the drive shaft 12A. A gear wheel 14B is mounted on the drive shaft 12B. The gear wheel
14A meshes with one of the gear wheels 11A, the gear wheel 14B meshes with one of the
gear wheels 11B. Thus the motor 13A is arranged to drive the upper pair of eccenter
wheights 8A and the other motor 13B is arranged to drive the lower pair of eccenter weights
8B.

On the other side of the pairs of eccenter weights 8B a synchronisation shaft 15 is mounted in
the vibration case 2. Two gears 16A and 16B are mounted on the synchronisation shaft 15.
The gear 16A meshes with one of the gear wheels 11A and the gear 16B meshes with one of
the gear wheels 11B. Thus, via the synchronistaion shaft 15 the rotation of the upper pair of
eccenter weights 8A is synchronised with the rotation of the lower pair of eccenter weights
8B. The gears 11A of the eccenter shafts 9A of an upper pair of eccenter weights 8A mesh
with each other whereby the two eccenter weights 8A of the upper pair are synchronised with
each other. During the start-up or shut down stages the rotation frequencies decrease and
resonance may occur which may cause damage to to the environment such as buildings
nearby. The synchronisation shaft 15 may have an adjustment mechanism which allows to
adjust the phase angle between the upper pair and lower pair of eccenter weights during the
start-up and the shut down stage of the vibratory hammer 1, whereby the resonance of the

environment can be avoided.

At a lower side of the vibration case 2 a clamp 17 is attached to the vibration case 2. The
clamp 17 comprises jaws to grip an upper side of a sheet pile or another object to be driven
into the soil or to be retracted from the soil. The vibrations caused by the rotating eccenter

weights are transferred from the vibration case 2 through the clamp 17 into the sheet pile or
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other object, which thereby vibrates and loosens the soil in which it is driven or from which it

is retracted.

Another possible embodiment of a vibration hammer 21 is shown in Figs 5-8. In this
embodiment like parts are indicated by the same reference numerals as in the figures 1-4 and
for a description of those parts reference is made to the foregoing description. This
embodiment has four permanent magnet synchronous motors 23 which are mounted to the
outside of the vibration case 2 in line with the eccenter shafts 9A, 9B. In this embodiment the
respective motor shafts of the synchronous motors 23 extend are directly coupled to the
eccenter shafts 9A, 9B. The synchronisation between the eccenter weights 8A, 8B is done
electronically via a controller that controls the synchronous motors 23. The controller may
also be configured to take care of the adjustment of the phase angle between the upper and
lower pair of eccenters 8A, 8B during the start-up and shut down stage of the vibratory
hammer 21.

In another possible embodiment, which is a sort of hybrid between the embodiments of Figs
1-4 and of Figs 5-8, the eccenter weights 8A or 8B of one pair are driven by one motor and
are coupled and thus synchronised by gears as is shown in Fig.3. The phase angle between
the pairs can be electronically controlled by the controller instead of using the synchronisation

shaft 15, which is thus omitted in such an embodiment.

A frequency drive or an inverter associated with each individual synchronous electric motor
13A, 13B, 23 may be mounted on the vibratory hammer 1, 21 for example on the yoke or on
the vibration case. It may also be possible to integrate the frequency drive and inverter in the
motor. A higher level control system, which is not located on the vibratory hammer may be
connected by wires or wireless with the frequency drive and inverter and may be used to

control the speed and synchronisation of the motors 13A, 13B, 23.
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CLAIMS

1. Vibratory hammer (1; 21) for driving or retracting sheet piles, pipes or other elements
into or from the soil, said vibratory hammer (1; 21) comprising:

- a vibration case (2);

- an even number of pairwise arranged eccenter weights (8A, 8B), which are
rotationally mounted in the vibration case (2);

- at least one drive motor (13A, 13B; 23) for driving the rotation of the eccenter
weights (8A, 8B);

- a clamp (17) attached to the vibration case (2), said clamp comprising gripping jaws
(18) for gripping the sheet piles, pipes or other elements; and

- a yoke (3) for suspending the vibratory hammer (1) from a hoist cable or the like,
said yoke (3) being connected to the vibration case (2) via one or more vibration damping
elements (6);

characterized in that the at least one drive motor (13A, 13B; 23) is a synchronous

electric motor.

2. Vibratory hammer according to claim 1, wherein the synchronous electric motor (13A,

13B; 23) is a permanent-magnet synchronous motor (PMSM).

3. Vibratory hammer according to claim 1 or 2, wherein the at least one synchronous
electric motor (13A, 13B; 23) is attached to the vibration case (2), preferably on the outer side

of the vibration case (2).

4. Vibratory hammer according to claim 1 or 2, wherein the motor is integrated in the
eccenter shaft, wherein stator windings are located inside the shaft and the permanent

magnets are arranged around the windings inside the hollow shaft of the eccenter weight.

5. Vibratory hammer according to any of the preceding claims, wherein the vibratory
hammer (1; 21) comprises four eccenter weights (8A, 8B) arranged in two pairs one above
the other.

6. Vibratory hammer according to any of the preceding claims, wherein the eccenter

weights (8A, 8B) of one pair are synchronised by one or more gears (11A, 11B).

7. Vibratory hammer according to any of the preceding claims, wherein different pairs of

eccenter weights (8A, 8B) are synchronised by one or more gears (16A, 16B).
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8. Vibratory hammer according to any of the preceding claims, wherein each of the
eccenter weights (8A, 8B) is directly driven by one of said at least one synchronous electric
motors (23).

9. Vibratory hammer according to any of the claims 1-7, wherein each pair of eccenter

weights (8A, 8B) is driven by one of said at least one synchronous electric motors (13A, 13B).

10. Vibratory hammer according to any of the preceding claims, wherein a frequency drive
or an inverter associated with each individual synchronous electric motor (13A, 13B; 23) is

mounted on the vibratory hammer (1; 21).

1. Vibratory hammer according to claim 10, wherein the frequency drive and/or inverter is

integrated in the synchronous electric motor.

12. Vibratory hammer according to claim 10 or 11, wherein an electronic control system is
provided which is connected with the frequency drive or inverter of each synchrounous

electric motor (13A, 13B; 23) so as to control the synchronous electric motors (13A, 13B; 23).

13. Vibratory hammer according to claim 12, wherein the control system is configured to
electronically control the phase angle between the eccenter weights (8A, 8B) or pairs of

eccenter weights.

14. Vibratory hammer according to claim 12 or 13, wherein the control system is
configured to provide a proportional control of centrifugal force and speed, preferably to
operate at a constant centrifugal force but with a proportional speed and thus vibration

frequency.



