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(54) Electric hammer

(57)  Anelectrichammer (3), specifically designed for
striking on a pile (4) to be driven in the ground; the electric
hammer (3) comprises a permanent magnet electric mo-
tor having a rotor (6) mechanically connected to a device
(11) for the movement transformation from a rotatory
movement to an axial movement, and a striking hammer
(17); the device (11) for the movement transformation
axially moves the striking hammer (17) between a first
and a second height.
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Description

[0001] The presentinventionrelates tothe field of elec-
tric hammers.

[0002] It is known that in the field of piling operating
machines, the hammer used for driving piles generally
is of the hydraulic type or of the internal combustion type.
[0003] Inthe firsttype, hydraulic energy is used, trans-
ferred through oil and devices such as pistons for moving
the striking hammer the kinetic energy whereof trans-
forms into a pulse after the impact against a casing
mounted on the pile to be driven.

[0004] The main drawbacks of this solution are low en-
ergy efficiency that is around 70%, and the presence of
hydraulic oil with all the disposal and pollution problems
related to the same. Moreover, the speed of the striking
hammer may at most be a little higher than that in free
fall and thus, the energy that may be transferred with this
type of hammers is limited and very heavy striking ham-
mers are required for large sized piles. The effectiveness
is further reduced in case of tilted processing since the
force of gravity does not actin the same direction in which
the striking hammer moves. The efficiency of common
hydraulic hammers is about 70%.

[0005] Inthesecond type, thatis, inthe case of internal
combustion hammers, the striking hammer is moved us-
ing the explosion within a combustion chamber. The strik-
ing hammer acts as piston and is lifted thanks to the ex-
plosion within the combustion chamber, then by gravity
it falls back, striking the casing on the pile to be driven,
at the same time compressing the fuel mixture, again
causing the explosion thereof. A Diesel cycle is thus trig-
gered. This is probably the oldest and most widespread
technology but the drawbacks are clear: strong noise and
pollution due to the emission of NOx, carbon monoxide
(CO), hydrocarbons (HC), carbon dioxide (CO2) and
particulate, to the atmosphere. Moreover, it is not a very
flexible system as it does not allow large variations in the
frequency ofimpacts and thus an increase in productivity.
This is because the operation is linked to the triggering
of the Diesel cycle the speed whereof may only be varied
by varying the amount of fuel introduced, but only within
a small operating range.

[0006] Moreover, with some hammers that only use
gravity for striking on a pile to be driven in the ground, it
is not possible to operate with strong tilting since the force
of gravity is mostly released onto the guides.

[0007] EP0265566B1 describes an electric hammer
wherein a striking hammer is connected to an electro-
magnet that moves it; the impact of the striking hammer
on a pile to be driven in the ground is determined by fall
by gravity and thus, the impact force is a function of the
height wherefrom the striking hammer starts for striking
said pile.

[0008] CN2594318Y describes an electric hammer
wherein an electric motor is indirectly coupled to a striking
hammer, that is, through a reducer. Such solution is in-
efficient since the reducer cannot withstand the strikes
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imparted by the striking hammer on the pile; otherwise,
it may be broken in a short time. The reducer must be
vibrationally isolated and in any case its presence impos-
es a mechanical complexity of the hammer described
therein.

[0009] The object of the present invention therefore is
to describe an electric hammer free from the drawbacks
described above.

[0010] According to the present invention, an electric
hammer is provided as described in the first claim.
[0011] The invention shall now be described with ref-
erence to the annexed drawings, which illustrate a non-
limiting exemplary embodiment thereof, wherein:

- figure 1 shows an operating machine and the device
according to a first preferred embodiment thereof;

- figure 2 shows the main section of the device in de-
tail;

- figure 3 shows a sectional view of the view of figure 2.

[0012] With reference to figure 1, reference numeral 1
indicates an operating machine 1, comprising an antenna
2 whereon electric hammer 3 object of the presentinven-
tionisinstalled. A pile 4 to be driven is presentunderneath
electric hammer 3.

[0013] Pile 4 to be driven may be made of metal of
prefabricated concrete.

[0014] The purpose of electric hammer 3 is to drive
pile 4 into the ground. Electric hammer 3 has the possi-
bility of translating along antenna 2 and is moved by a
rope connected to a winch of machine 1, not shown.
[0015] With reference to figure 2, in electric hammer 3
there is a stator element, or stator 5 of an electric motor
with a high specific torque [Nm/A], which exhibits electric
windings capable of generating a suitable magnetic field.
Rotor 6, with a cylindrical shape, is made with permanent
magnets (for example rare earths), arranged as plates
around the rotor structure and is free from windings; the
permanent magnets, suitably energized by the magnetic
field generated by stator 5, tend to rotate relative to axis
7. External casing 8, which is fixed and not rotating, con-
strains stator 5 imparting the necessary reaction thereto
and connecting to an intermediate element 9 first and
then to a frame 10 that exhibits means for constraining
to antenna 2, leaving electric hammer 3 free to translate
along antenna 2.

[0016] Rotor 6 is connected to a device 11 capable of
transforming the rotatory movement into an axial move-
ment. In the specific case, it is a recirculation ball screw
11; screw 11 is subject to a rotatory movement and is
supported by a pair of bearings 12, 13 capable of with-
standing the loads involved; screw 11 is associated to a
female screw 14 that exhibits an axial movement when
screw 11 is rotating. Said axial movement of female
screw 14 is oriented along an axis X of maximum exten-
sion of electric hammer 3.

[0017] Screw 11 and female screw 14 exhibit a helical
groove wherein balls (not shown) slide. Recirculation ball
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screws 11, which are devices known in the field, exhibit
very high efficiency, excellent dynamic behaviour and
excellent shock resistance. Such screws 11, in fact, ex-
hibit efficiency above 99%. It is also possible to use other
devices, such as operating screws; however, in this case,
considerably lower efficiency and dynamicity may be ac-
cepted.

[0018] Itis necessary to prevent the rotation of female
screw 14 through guiding elements 15 constrained to
frame 10. The guiding elements therefore provide an anti-
rotation function for allowing the linear movement of fe-
male screw 14.

[0019] As shown in figure 3, guiding elements 15 are
arranged in an opposite position relative to each other,
radially arranged about the circumference of electric
hammer 3, on two axes orthogonal to each other.
[0020] Female screw 14 is then connected to an ex-
tension element 16 which isin turn connected to a striking
hammer 17.

[0021] A translational motion of striking hammer 17 is
thus obtained by actuating rotor 6, which strikes pile 4.
The impact imparts the required energy to the pile to be
driven in the ground. A casing (not shown in the annexed
figures) is often interposed between striking hammer 17
and pile 4, and in particular on the lower end of same
striking hammer 17; such casing exhibits a plurality of
damping elements required for keeping the pile in the
correct position and reducing the energy that is released
to the frame.

[0022] Aspile4isdrivenintheground, electrichammer
3 follows the movement thereof continuing to generate
impacts that finally cause the complete driving thereof.
[0023] Rotor 6 is subject to an alternating rotatory
movement (for example in a clockwise direction first and
in a counter-clockwise direction after; or vice versa) and
consequently, striking hammer 17 is subject to an alter-
nating translational motion, as it is directed downwards
(for striking pile 4) and then upwards again. Hammer 17
may move from a maximum height position to a minimum
height position relative to the ground. The two extreme
positions of maximum and minimum height, respectively,
are detected by two position sensors 18, 19.

[0024] An encoder 20 is further provided for detecting
the angular position of the rotor and thus know where the
striking hammer is. The striking hammer generates the
impact, both by the effect of the thrust by the force of
gravity, and by the effect of the thrust actively given by
female screw 14 of recirculation ball screw 11 actuated
by rotor 6.

[0025] Thistype of electric motors is often called "direct
drive" as they exhibit an architecture that allows using
them directly connected to the load without putting any
reducers before. This greatly simplifies the mechanics.
Moreover, these motors exhibit very high torques and
therefore, combining the thrust generated by this motor
with the thrust due to the force of gravity acting on the
striking hammer it is possible to obtain a transfer of high
specific energy using light striking hammers.
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[0026] The advantages of the electric motor are known
in the light of the above description. In particular, since
it is a fully electric device, it does not require hydraulic
oil and thus it solves the environment pollution problem
related to the emissions of diesel tilt hammers and to the
disposal of hydraulic oils in hydraulic tilt hammers.
[0027] Moreover, since itis an electric device, the elec-
tric hammer object of the present invention is suitable
and especially adapted for being used on a fully electric,
and thus low-environment impact, machine. This makes
it adapted for any operation in closed environments
wherein it is not possible to directly introduce exhaust
gases to the environment nor it is possible to use too
noisy devices.

[0028] The use ofintelligent direct drive electric motors
allows controlling the dynamics of the strikes, adapting
it to the ground for obtaining the highest driving efficacy.
Strike frequency and impact energy may be varied as
desired, obtaining a synergic effect of the gravitational
component, which in any case would not be avoided, with
a strength imparted by the rotation of rotor 6, which is
therefore adjustable; in this case, the user may advan-
tageously operate the electric hammer according to the
present invention through controls electrically connected
to a data processing unit. At least the position of striking
hammer 17 may be monitored and detected continuous-
ly, via software, through encoder 20, electrically connect-
ed to the data processing unit.

[0029] Moreover, itis possible to use the modern soft-
ware techniques for energy recovery in the steps wherein
the hammer needs to be braked. In fact, at the end of
each strike the hammer must be lifted again, braked and
thrust again in the direction of pile 4. During the braking
step, rotor 5 and stator 6 operate as a current generator,
for example supplying a battery (not shown in the an-
nexed figures).

[0030] By combining the force of gravity with the thrust
of the direct drive motor system and recirculation ball
screw it is possible to obtain impacts that may not be
obtained with traditional systems, which would require
large striking hammers and would therefore be very slow.
This adds up to the fact that the lack of reduction means
reduces the mechanical complexity of electric hammer
3 compared to the prior art, thus making it less expensive
to manufacture and equally free from failures due to com-
plex and delicate mechanical components.

[0031] Finally, electric hammer 3 object of the present
invention may be effectively operated also in strongly tilt-
ed conditions, being able to use not only the gravitational
force action but also the active one of motor 6 and of
recirculation ball screw 11.

[0032] A further advantage of electric hammer 3 object
of the present invention is that rotor 6 does not require
wiring or electric power that should have to be transmitted
through complex and delicate sliding contacts. In fact,
the required magnetic field is directly generated by per-
manent magnets.

[0033] Finally, mechanically, electric hammer 3 object
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of the present invention is very simple, with few compo-
nents and therefore with minimal maintenance, while en-
suring a very high overall efficiency, higher than 90%.
[0034] Some variations, changes and additions that
are clear to a man skilled in the art may be applied to the
device described above without departing from the scope
of protection provided by the annexed claims.

Claims

1. Electric hammer (3), specifically for striking on a pile
(4) to be driven in the ground; said electric hammer
(3) being characterized in that it comprises a per-
manent magnet electric motor having a rotor (6) me-
chanically connected to a device (11) for the move-
ment transformation from a rotatory movement to an
axial movement; said electric hammer (3) compris-
ing also a striking hammer (17); the device (11) for
the movement transformation, moving axially said
striking hammer (17) from a first to a second height;
said striking hammer (17) being susceptible of strik-
ing in use said pile (4).

2. Electric hammer according to claim 1, wherein said
device (11) for the movement transformation is a re-
circulation ball screw.

3. Electric hammer according to claim 2, comprising
also a pair of bearings (12, 13); said pair of bearings
(12, 13) supporting said recirculation ball screw.

4. Electric hammer according to claim 1, comprising
also a female screw (14) axially movable along a
direction of maximum extension of said electric ham-
mer (3).

5. Electric hammer according to claim 4, comprising
also an extension means (16) mechanically connect-
ing said female screw (14) to said striking hammer
17).

6. Electric hammer according to claim 1, comprising a
damping casing associated to said striking hammer
17).

7. Electric hammer according to claim 1, wherein said
rotor (6) features a rotatory movement alternatively
in a clockwise direction and in a counter-clockwise
direction.

8. Electric hammer according to claim 1, wherein said
electric motor is associated to said device (11) for
the movement transformation without the interposi-
tion of reducing means.

9. Electric hammer according to claim 1, wherein said
permanent magnets are positioned all around said
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10.

11.

12.

13.

14.

15.

rotor (6) and comprise rare earths.

Electric hammer according to claim 1, wherein said
electric motor comprises a stator (5) constrained to
an external casing (8) of said electric motor, fixed
and not rotating.

Electric hammer according to claim 10, wherein said
casing (8) is constrained to a frame (10) of said elec-
tric hammer (3); said frame (10) being susceptible
of connecting in use said electric hammer (3) to an
antenna (2) of an operating machine (1) leaving to
the electric hammer (3) the possibility of translating
along the antenna (2).

Electric hammer according to any of the preceding
claims, comprising also position sensor means (18,
19); said position sensor means (18, 19) detecting
a first and a second end position of a stroke of said
striking hammer (17).

Electric hammer according to claim 1, wherein said
striking hammer (17) moves with a speed and force
exerted at least by said electric motor.

Electric hammer according to claim 13, wherein said
striking hammer (17), in use, is susceptible of striking
on said pile (4) with a combined action of gravity and
movement induced by said electric motor.

Operating machine (1) for driving piles (4), compris-
ing an electric hammer (3) according to any of the
claims 1-14.
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