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(54) Title: A VIBRATORY MECHANISM FOR A PILE DRIVER AND A PILE DRIVER

f 4 1 (57) Abstract: A vibratory mechanism (1) for a pile driver comprises a

static part (2) and a dynamic part (3). The dynamic part (3) is movable

r{ / with respect to the static part (2). The static part (2) is provided with a

| e drivable crankshatt (6) and the dynamic part (3) comprises a housing (13)

1 and a vibration member (7). The vibration member (7) is drivably coupled

to the crankshatt (6) through a comnecting rod (8) and linearly movable

with respect to the housing (13) in a direction of vibration. The housing
(13) is resiliently coupled to the vibration member (7).

Figure 1
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vibratory mechanism for a pile driver and a pile dr

The invention relates to a vibratory mechanism com-

kS
ot

prising a static pa and a dynamic part being movable with

respect to the static part.

Such a vibratory mechanism is known from US
5,088,565, The static part of the prior art mechanism is at-
tached to a cable of & crane and the dynamic part comprises
jaws for clamping a pile to be driven into the ground or to
be extracted out of the greound. The dynamic part is provided
with a pair of eccentrically rotatable weights which can be
rotatably driven by a hydraulic motor. The weights rotate in
opposite directions with respect to each other resulting in a
vertical vibration of the dynamic part. A disadvantage of the

nown mechanism is that bearings of the rotatable weights are
heavily loaded resulting in relatively high operational cost
due to maintenance and replacement of the bearings

SU 631 587 is related to a vibrating hammer which
comprises an inner casing that is previded with a crankshaft
which is connected to a piston via a connecting rod. The pis~—
ton is movable within a cylinder. The crankshaft is driven

b

via compressed air which is fed to the cylinder through a

pipe being provided with a control valve for allowing com-
pressed air to the cylinder. The mechanism is unbalanced. The
inner casing is connected to an outer casing through springs.
Under operating conditions, the inner casing will vibrate
within the outer casing due tce the unbalanced mechanism. Un-
der certain conditicns the inner casing hits the outer casing
at the upper or lower inner side thersof, depending on the
presence ¢f hitting plates at the outer casing.

The obiect of the invention is to provide a simple
and robust vibratory mechanism which creates the opportunity
to minimize vibrational forces at the static part.

This object 1s achieved by the mechanism according
to the invention wherein the static part is provided with a
drivable crankshaft and the dynamic part comprises a housing

and a vibration member being drivably coupled to the crank-
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shaft through a connecting rod and linearly movable with re-

spect to the housing in a direction of wvibration, wherein

1

said housing is resiliently coupled to the vibration member
via a fluid spring, wherein the mechanism is adapted such
that under operating conditions the vibration member is
driven upon driving the crankshaft by driving means.

Upon driving the crankshaft the vibration member
to the housing of the dy-

coupling between tThe
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-
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namic part. Due to the resi
vibraticn member and the housing, the housing of the dynamic
part will vibrate as well. In case the vibratory mechanism is
applied in a pile driver the housing of the dynamic part may
be provided with clamping means for clamping a pile. The
mechanism according to the invention provides the opportunity
to select the rotation speed of the crankshaft, the weights
of the vibration member and the housing and the degree of re-
siliency between the vibration member and the housing such
that the dynamic part vibrates at a certain freguency,
whereas transfer of inertia forces in the mechanism via the
crankshaft to the remainder of the static part is minimized.
In fact the reciprocating forces of the first order, affected
by the vibration member weight, can be used to balance the
vibrational forces of the housing of the dynamic part on the
crankshaft under certaln conditions. This means that forces
on crankshaft bearings in the static part are minimized,
hence reducing wear and operational costs. It 1s noted that

the term “reciprocating forces of the first order” is typi-

cally used in case of balancing reciprocating piston-crank-
connecting rod mechanisms, such as present in internal com-

bustion engines, in order to indicate inertial forces of the
piston acting in the direction of piston movement and occur-

ring at the frequency of rotation of the crank.

A further advantags of the crank-connecting rod
mechanism is that 1t can be built in a compact way compared

to a conventional dynamic part comprising oppoesitely rotating
weights, since in the latter case at least two rotatable
weights must be located next to each other as seen in hori-

ontal direction so as to achieve a vertical vibration.
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oreover, due To the resilient coupling between the
housing and the vibration member sudden peak forces on th
housing are not directly transferred tce the vibration membe
and the static part. Such a sudden peak force may typically
happen in a pile driver if a pile is fixed to the housing t©

be driven into the ground and the pile touches a rigid laver

or a stone or the like. The resulting so-called rebound ef-
fect is smeoothly transferred to the static part by the
mechanism according to the invention. In a specific embodi-
ment the fluid spring of the mechanism could be replaced by
an alternative resiliency, for example a coll spring.

It is noted that the crankshaft and the piston in
the mechanism as disclosed in 353U 631 597 is mounted in the
same inner casing. This is fundameﬁtally different from the

since the know

mechanism according te the present invention
mechanism does not provide the opportunity to create a static
prart having minimized vibrational forces; on the contrary the
vibrational forces are reguired to effect hammering of the
inner casing onto the outer casing. This results in heavy
loads onto the crankshaft bearings. The vibratory mechanism
according to the present invention enables to solve the prob-
lem due to providing the static part with the crankshaft and
providing the dynamic gpart with the vibration member. This
also allows to have a direct and simple coupling between the
crankshaft and a driving means for driving the crankshaft.
furthermore, the crankshaft bearings are not adversely aif-
fected by sudden loads on the dynamic part.

In a preferred embodiment the characteristics of
the fluid spring can be adjusted. Preferably the characteris-
tics can be manipulated such that the natural freqguency of
the mass-spring system conmprising the vibration member and
the fluld spring is similar to or approaches the freguency of
the crankshaft under operating conditions. If this situation
is achieved under operating conditions the inertia force of
the vibration member on the crankshaft is minimized. The re-
lationship between the mentioned frequencies may be slightly
infiluenced by the weight of the housing of the dynamic part,

put this weight will be high with respect to the weight of
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the vibration member, in practice, such that the weight rat

-

is rather stable under operating conditions., It is also noted

te]

that the natural freguency of the mass-spring system compris-
ing the vibration nember and the fluid spring is much higher
than the natural frequency of the mass-spring system compris-
ing the housing of the dynamic part and the fluid spring.

The fluild spring characteristics can be influenced
by modifying its fluid properties, for example. In case of an
alternative resiliency between the housing and the vibration
member, such as a coill spring, the spring characteristics
could be influenced by an actuator.

In a practical embodiment the vibration member is a
piston and the housing comprises a cylinder within which the
piston is slidable, and the fluid spring is formed by a fluid

chamber being present between the piston and the cy¢inder.
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When the piston is movable in the cylinder and
as alr or an alternative gas 1s present in the fluid chamber,
the fluid chamber functions as a fluid spring. It is noted
that a part of the connecting rod weight contributes to the
vibration member weight.

In a preferred embodiment the fluild spring is
formed by two fluld chambers located at opposite sides of the
piston. This provides more flexibility in influencing the
spring characteristics of the resiliency between the piston
and the cylinder

The fluld chambers may be allowed to communicate
with each other through a controllable wvalve. When opening
the valve and moving the piston within the cylinder the fluid
will flow from the fluid chamber of which the volume reduces

Lo the fluid chamber of which the velume increases. If the

valve is open such that no compression/expansion occurs in
the fluid chambers the spring characteristics created by the
fluld chambers are negligible. This may be desired under cer-
tain conditicns, for exa{pl in case of a pile driver which
is starting-up. In that case the housing should not be driven
before the piston vibration has reached a certain frequency.
wWhen the valve is open the piston may vibrate within the cvl-

inder without driving the housing of the dynamic part. In
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practice, when the vibratory mechanism i1s applied in a pile
driver the valve may be closed at a piston freguency excaed-
ing for exampi 1200 rpm, such that the starting-up period

during which the freguency of the housing of the dynamic part

.
4

5 is relatively low, is short.

It is also concelvable that the fluid chambers com-
municate with the ambient air through a controllable valve
during the starting-up period.

In an alternative embodiment the mechanism com-

10 prises at least two vibration members, wherein the mechanism
is adapted such that under operating conditions the vibration
members can be driven in opposite directions, for example in
counter phase., This allows the opportunity to increase the
vibration freguency of the vibration members to a relatively

15  high level, for example the operational freguency in case of
a pile driver, whersas the vibration of the housing in the
direction of vibration remains negligible, because the forces
of the oppositely moving vibration members on the housing via
the resiliency can be kalanced.

20 Freferably, the characteristics of the resiliency

between the housing and the vibration members can be varied.

Due

the counter force of the resiliency on the vibration members

i

¢ this feature the resiliency can be adiusted such that

ct
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at least partly reduce the inertia forces of the vibration
25 members on the static part during the increase of the vibra-
tion freguency of the vibration members whereas the vibration
of the housing remains negligible., When reaching the opera-
tional speed and vibration of the housing is desired, the
mechanism can be set such that the vibration members move
rec

T
1y in the same directicon. In practice, during in-
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crease of the freguency the resiliency will be adjusted to a
stiffer level
In case the vibrating members are pistons moving
cppositely in corresponding cylinders and the resiliency is
35 formed by the fluid chambers located at opposite sides of
¢f the pistons, the fluid pressure in the fluid chambers
can be increased during the period of increasing the fre-
Y

of the reciprocating speed of the pistons in order to
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reduce the reciprocating inertial forces of the pistons on

5
1
s

In an embodiment which comprises at least two pis-
tons and two corresponding cylinders the fluid chamber of one
cylinder can communicate with the fluid chamber of the other
cylinder such that under operating conditions a decreasing
fluid chamber vcelume in one cylinder can communicate with an
increasing fluid chamber volume in the other cylinder. During
starting~up of, for example, a pile driver the fluld chambers
can be connected to each other in fluid communication which
means that the piston in one cylinder pushes the filuid from
the fluid chamber in that cylinder to the fluid chamber of

1
¥

the other cylinder, whereas the piston of the other cylinder

synchronously sucks the fluid from the one cylinder. During
such a starting-up pericd the plstons vibrate within the cyl-
inders without driving the housing of the dynamic part.

In case the pistons can be driven in counter phas

o

two cylinders may be disposed parallel to each other and the

fE)

fluid chambers at the same side of the pistons can be con-

1

nected to each other. During the starting-up period the
pistone can be driven in counter phase such that the volumes
of the mutually connected fluid chambers at the same side of

the pistons alsc vary in counter phase. Az a consequence, the

sumr of the volumes of the connected fiuid chambers substan-
tially remains the same. Of course, the fluid communication
can be effected by a controllable valve or the like

Alternatively, the mechanism may comprise adijusti
means for adiusting the stroke of the vibration member with
respect to the eccentricity of the crankshaft in order to
minimize the amplitude of the vibration member during a
starting-up period.

In a particular embodiment the fluid spring can
communicate with compressing means for increasing or decreas-—
ing the pressure of the fluid in the fluid spring. This
feature provides the opportunity to influence the amplitude
of the housing, for example. A variable pressure, depending

on the operation freguency is also conceivable. Alternative
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the fluid spring charactexr-
The housing of the dynamic part and the static part
may be connected to each other via a spring and/or a damper
5 so as to create a coupling between the static part and the
dynamic part in additicn to the coupling via the connecting
rod, and to reduce any transfer of vibraticns from the dy-
namic part to the static part.
In a particular embodiment a first part of the con-
10 necting rod is guided by a crosshead guide in the static part
or in the dynamic part and a second part thereof being fixed
to the vibration member is movable along its longitudinal
centre line only. This means that the se: d part has a one-
dimensicnal motion in the direction of vibration of the vi-~
15  Dbration member
In a preferred embhodiment the
the vibration member, the weight of
acteristics of the resilie
vibration member
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in which hydraulic systems are used and power must be trans-

mitted from a power supplv on the ground tce the static part.

b

Freferably, the driving means is an internal con-
bustion engine.

‘e invention will be explained in more detail
hereinafter with reference to drawings, which are schematic
representations of embodiments of the invention.

Fig. 1 is a schematic view of an embodiment of the
vibratory mechanism according to the invention.

Fig. Z 1s a perspective view of an alternative em-
bodiment of the vibratory mechanism of Fig. 1.

Fig. 3 1is a similar view as Fig. 1 of an alterna-
tive embodiment on a smaller scale.

Fig. 4 is a similar view as Fig. 2 of another al-
ternative embodiment.

Fig. 1 shows an embodiment of the vibratory mecha-
nism 1 according to the invention. The vibratory mechanism 1
ig part of a pile driver in this example, but may be suitable
for alternative technical devices.

The vibratory mechanism 1 as shown in Fig. 1 com-
prises a static part 2 and a dynamic part 3. The dynamic part
3 is movable with respect to the static part 2. The static
part 2 is provided with a lifting eye 4. In a pile driver the
lifting eye 4 suspends from a cable of a crane {not shown).

th a pair of clamps 5 for

b
C

The dynamic part 3 i3 provided w
clamping a pile to be driven intoc the ground or to be ex-
tracted out of the ground. The pair of clamps 5 may be driven

mechanically, hydraulically or the like.

Under operating conditions the dynamic part 3 os-
cillates in vertical direction at a predetermined fregquency

and with a predetermined amplitude with respect to the static

5
ot

1ICW3S

Ui
hd

Fig. 1 hat the static part 2 1s provided

-

with a drivable crankshaft 6. The crankshaft 6 comprises two

crankpins located eccentrically with respect to the centre

g

line of the crankshaft ©¢.

The dynamic part 3 is provided with two pistons 7

=
1
<L

as vibration members. Each of the pistons 7 is coupled to the
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crankshaft ¢ through a connecting rod 8. In this case the

art which is guided by

a crosshead guide 10 in the static part 2, and a second part
Y

<
1
s

11 which is movable along its longitudinal centre line only.
The piston 7 is fixed to the second part 11. As a consequence
of this configuration, a through hole in the dynamic part 3

hrough which the second part 11 of the connecting rod 8

ot

moves up and down may have the shape of the cross-sectional
area of the second part 11 and the dimensions of the cross-
sectional area of the thrcough hole may be slightly larger
than those of the second part 1l.

In the emboediment as shown in Fig. 1 the crankshaft

[

6 ias driven by an internal combustion engine 12. Alternative
driving means are conceivable, for ewxample a hydraulic or

electric motor. An advantage of applying the internal combus-

8

tion engine 12 is that it can be used as stand-alone unit in
the static part 2. Thus, under operating conditions the pis-
ton is driven upon driving the crankshaft ¢ by driving means.
The dynamic part 2 further comprises a housi

5

n
the form of cylinders 13 which function as guides for guiding
the pistons 7. The cylinders 13 have a fizxed position with
respect to the dynamic part 3. The pistons 7 are slidable

within the c¢ylinders 13, The cylinders 13 are filled with a

fluid, for example air. In each of the cylinders 13 the pis-
ton 7 vides the cylinder space into two fluid chambers 14,

15 located at opposite sides of the piston 7. If the fluid

—~)

chambers 14, 15 are closed spaces or nearly closed spaces,

-~ =

they form a fluid spring. This means that the housing of the
dynamic part 3 or the cylinder 13 is resiliently caot pled to
the piston 7. In case the fluld is a gas, the fluid chambers
14, 15 form a gas spring.
uid spring characteristics can be adjusted by

modifying the fluid properti in the fluid chambers 14, 15.
In the embodiment of Fig. 1 the fluid chambers 14, 15 can

ommunicate with each other through a controllable valve 16.
When the valve 16 is fully opened the fluild chambers 14, 15
communicate with each other. This means that in case of a

0

downward displacement of the piston 7 the fluid from the
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lower fluid chamber 15 is pressed to the upper fluid chamber
14 via the valve 16. In that case the housing of the dynamic
part 3 or the cylinder 13 will not follow the displacement of

1

16 is closed and the piston 7 is

<
0}
F..

the piston 7. When the valw
8 displaced downwardly the fluid in the lower fluid chamber 15

will be compressed and the filuid in the upper fluid chamber

1

4 will be exparded. As a result the cylinder 13 will folliow

o

¥
¥
H

rt
3

o

is displacement in downward direction. Depending on the
s

h

reguency of the piston movement, the weight of the hou

5

f the dynamic part 3 and the properties of the fluid in the

E.__L
G

fluid chambers 14, 15 the housing of the dynamic part 3 will
follow the piston movement at a certain phase shift, compara-

ble to a conventicnal spring-mass systen.

It appears to be advantage to select the influ-
15  encing parameters of the mechanism 1 such that the pistons 7
and the housing of the dynamic part 3 vibrate in counter
phase. In this case the actual inertia force of the housing
of the dynamic part 3 is directed copposite to the actual de-
celeration of the pistons 7. Since the inertia force is
20 transferred to the static part 2 wvia the connecting rod 8 and
the crankshaft 6, vibrations of the dynamic part 3 would be

."+

ansferred to the static part, as well, and bearings of the
crankshaft 6 would be loaded heavily. However, this effect
can be minimized by selecting the weights of the pistens 7
25 such that inertia forces of the first order, generated by the
pistons 7, balance the inertia force of the housing of the
dynamic part 3. The inertia forces of the first order are di-
ected in the directi
is noted that the inertia forces of the pistons 7 include the
30 inertia forces of the reciprocating portions ¢f the connect-
ing rods 8.
More generally, the weights of the pistons 7 and
the housing 13 are more or less fized; in practice it is de-
d that the natural freguency of the spring-mass system

6}
ormprising the pistons 7 and the fluid springs is similar to

<
the actual frequency ¢f the crankshaft 6 under operating con-

ditions. This can be achieved by manipulating the
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characteristics of the fluid spring under operating condi-
tions.

The valve 16 can also be used in case of starting-
up the vibratory mechanism 1. In case of driving a pile into
the ground it may be desired to avoid low fregquency vibra-
tions which might occur during a starting-up period of the
mechanism 1. This can be avolded by opening the valve 16 dur-
ing increase of freguency of the piston 7 such that the
housing of the dynamic part 3 remains in a non-vibration
mode. Once a preadetermined desired frequency has been reached
the valve 16 is closed and the starting-up periocd of vibra-
tion of the housing of the dynamic part 3 up to its desired
frequency 1is relatively short. Alternatively, an adjusting
mechanism (not shown} for adjusting the piston stroke with
respect to the eccentricity of the crankshaft 6 may be pre-
sent.

The spring characteristics of the fluid chambers
14, 1% can be influenced by varying the pressure of the

-

luid. This can be achieved by appl

yving a compressor (not
shown) which increases or decreases the fluilid pressure in the
filuid chambers 14, 15 via a press line 1

Tt is noted that 1t is not necessary that the f{luild
chambers 14, 15 can communicate with each other. It is also
possible to vent the fluid chambers 14, 15 to the ambient air
during the starting-up period, such that pressure build-up in
the fiuid chambers 14, 15 is negligible.

The vibratory mechanism 1 further comprises springs
18 to hold the static part 2 and the dynamic part 3 at a sub-
stantially constant distance with respect to each other. The

L]

spring 18 may also have damping characteristics to eliminate
ations between the static part 2 and the dy-

any residual vibr
ramic part 3.

Fig. 2 shows an alternative embodiment of the vi-

"D

bratory mechanism 1 as part of a pile driver. The reference
signs of the embodiment of Fig. 2 refer to similar components
as being pres in the embodiment of Fig. 1. The embodiment
as shown in Fig. 2 is provided with a single piston 7. This
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nism 1 as seen in a directicn perpendicular to the direction
of wvibraticn of the piston 7.

Fig. 3 shows another alternative embodiment, which
is provided with four pistons 7 in line. The reference sign

"

in Fig. 3 refer to corresponding components as shown in Fig.

1. It can be seen that each piston 7 is coupled to a separate
crankshaft 6a-6d. Two inner crankshafts ¢6b, 6c located be-

tween two outer crankshafts 6a, 6d are driven by the internal
combustion engine 12 via a first transmission 19 and the
outer crankshafts 6a, 6d are driven via a second transmission
20. During a starting-up period the first and second trans-
missions 19, 20 are controlled such that the two inner
pistons 7 located in the middle of the dynamic part 3 ave
moving in counter phase with respe t¢ the twoe outer pisto
7 located at the cuter sides of the dynaTic part 3, as indi-
cated by arrows in Fig. 3. During this pericd the valves 16
are open. When both inner pistons 7 move upwardly and both
outer pistons 7 move downwardly the fluid in the upper fluid
chambers 14 of both inner cylinders 13 flow to the asscciat-
ing upper fluid chambers 14 of both outer cylinders 13, and
the fluid in the lower fluid chambers 15 of both outer cylin-
ders 13 flow to the asscciating lower fluid chambers 135 of
both middle cylinders 13.

It may be clear that upon increasing the rotation
freguency of the crankshafts Ga-6d, whereas the pistons 7
only displace the fluid in and out of the fluld chambers 14,
15 the reciprocating inertial forces of the piston 7 on the
crankshafts 6a-6d become relatively high, because the counter
force of the fluid in the fluid chambers 14, 15 is negligi-
ble. Therefore, at a certain rotation speed of the
crankshafts 6a-6d the valves 16 are closed whereas both inner

pistons 7 are still running in counter phase with respect to

both outer pistons 7. Because of the opposite forces of the

=T
pistons 7 on the housing via the fluid in the fluid chambers
a

]
[}
ot
L9
[OR
O
®
0]
.
e
o}
et
W
T

14, 15, the housing of the dynamic p
brating cr vibrating significantly. 1
of the pistons 7 on the crankshafts 6a-6d, hence on the

static part 2, due to further increasing the speed of the
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pistons 7 can be compensated by increasing the pressure of
the fluid in the fluid chambers 14, 15. In this way the speed
of the crankshafts ¢a-6d can be set to a desired operational
gpeed whereas the vibration of the housing of the dynamic
part 3 remains negligible, and the inertia forces of the pis-
7 on the static part are minimized. If vibration of the

housing must be started, the first and/or second transmission

19, 20 are controlled such that the movement of the pistons 7
are synchronized in the same direction of movement. When

ves 16 during starting-up the mechanism it is

et

closing the va

preferred to close them slowly in order to balan the fluild
in the fluid chambers 14, 15 and to avoid that the fluid

e

caught in the upper fluid chamber 14 differs from that in the
iower fluid chamber 15.

When a pile driver has driven a plle into the
©

ground, for exanple, and the vibration of the dynamic part 3
should be stopped, the first and/or second transmigsion 19,
20 can be controlled such that the movement of the inner pis-
tons 7 is opposite to the movement of the ocuter gpistons 7,
whereas the crankshafts ta-6d remain running at the opera-

requency.

In the embodiment as shown in Fig. 3 the crosshead
guide 10 is disposed in the dynamic part 3. The advantage of
this configuration is that it improves the flexwibility of mu-
tual displacement of the static part 2 with respect to the
dynamic part 3.

Fig. 4 shows another ive embodiment. This

a T
embodiment is comparable te that of Fig. 2 and corresponding
T !

reference signs are used. In this case the cross-head guide
10 is provided in the dynamic part 3. Fig. 2 also illustrates
that a combustion engine 12 drives the crankshaft 6 of the

-
H
Y

vibratory mechanism
From the foregoing, it will be clear that the in-
vention provides a relatively simple but robust vibratorn
mechanism.
The invention is not limited to the embodiments
shown in the figures, which can be varied in several ways

r

within the scope of the invention. It is for example possible
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il

that the pisteon is resiliently coupled to the housing of the

-
H
i

dynamic part through a mechanical spring instead of a fluid

riative

-
i
&3]
i
[t
i
}.

spring. The crankshaft may be replaced by a

shaft incliuding an eccentric to which the connecting rod can
be pivotally mounted. Furthermore, the mechanism is not only
suitable for pile drivers, but it can be applied in alterna-
tive devices, for example for inserting elements into the
ground by vibration, for compacting scils, cement, concrete,
asphalt or the like.

nvention is also related to the following as-

fete

The

Aspect 1: A vibratory mechanism (1) for a pile
driver comprising a static part (2} and a dynamic part (3)
being movable with respect to the static part (2}, wherein
the static part {2) is provided with a drivable crankshaft
{6y and the dynamic part {(3) comprises a housing {13} and a
vibration member {7} being drivably coupl to the crankshaft
{6) through a connecting rod (8) and linearly movable with
spect toe the housing (13} in a direction of vibration,
wherein said housing {13} is resiliently coupled to the vi-
ation member (7).

Aspect 2: A vibratory mechanism (1) according to
aspect 1, wherein the housing (13) is resiliently coupled to
the vibration member (7) wvia a fluld spring (14, 15}.

Aspect 3: A vibratory mechanism (1} according to
v (7)) and

"y

aspect 2, wherein the vibration member is a pisto
the housing comprises a cylinder (13} within which the piston
(7 is slidable, and the fluid spring is formed by a fluid
chamber {14, 15) being present between the piston (7)) and the
cylinder (13).

Aspect 4: A vibratory mechanism (1) according to
aspect 3, wherein the fluid spring is formed by two fluid
chambers {14, 15%) located at opposite sides of the piston

(7).

Aspect 5: A vibratory mechanism (1) according to

(T}
9]

aspect 4, wherein the fluid chambers (14, 15} can communicate

with each other through a controllable valve (16).
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Aspect 6: A vibratory mechanism (1) according to
one of the preceding aspects, wherein the mechanism (1) Com-
prises at least two vibration members {7}, and wherein the
mechanism {1} 1is adapted such that under operating conditions

5 the vibration members {7} can be driven in opposite direc-
tions.

Aspect 7: A vibratory mechanism (1) according to

—

aspect 6, wherein the characteristics of the resiliency be-
tween the housing {(13) and the vibration members (7) can be
10 wvaried.

Aspect 8: A vibratory mechanism {1) according to
one of the aspects 2-5, wherein the fluid spring {14, 15) can
communicate with compressing means for increasing or decreas-
ing the pressure ¢f the fluid in the fluid spring (14, 15}.

15 Aspect 9: A wvibratory mechanism (1) according to

5

one ¢f the preceding aspects, wherein the mechanism {1} com-

srigses adijusting means for adjusting the stroke of the

r

vikbration menmber (7)) with respect to the eccentricity of the
crankshaft (6}).

20 Azpect 10: A vibratory mechanism (1) according to
one of the preceding aspects, wherein the housing (13} of the
dynamic part (3) and the static part (2} are connected to

each other via a spring and/or a damper (18).

Aspect 1l: A vibratory mechanism (1) according to
2% one of the preceding aspects, wherein a first part (9) of the
connecting rod (8) is guided by a crosshead guide (10) in the
static part (2} or in the dynamic part {3) and a second part
{11) thereof being fixzed to the vibration member {7} 1is mov-
able along its longitudinal centre line only.

Y

30 Aspect 12: A vibratory mechanism (1} according to

one of the preceding aspects, whersin the vibration speed of

the vibration member (7), the weight of the housing (13} and

the characteristics of the resiliency between the housing
(13) and the vibration member (7)) are selected such that the

-
H
E.

ly wvi-

oy

vibration member (7} and the

{3
&3]

ousing (13} substantia

3

brate in counter phase under cperating conditions, and
ati

whereln the weight of the vibr on member (7)) is selected
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such that its inertia force of the first or

rder substantially
{13} .

balances the inertia force of the housing
A pile driver comprising a vibratory

Azspect 13:

s

mechanism (1}

[8]

according to one of the preceding aspects.

Aspect 14: A pile driver according to aspect 13,
wherein the static part (2} iz provided with driving means
{12} for driving the crankshaft (8).

Aspect 15: A pile driver according to aspect 14,

wherein the driving means is an internal combustion engine
i0 {12} .
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CLAIMS

1. A vibratory mechanism (1) comprising a static
part {2} and a dynamic part {(3) being movable with respect to
the static part (2}, wherein the static part {(2) 1is provided
with a drivable crankshaft (6} and the dynamic part (3} com-
prises a housing (13} and a vibration member {7) being
drivably coupled to the crankshaft (6) through a connecting
rod (8} and linearly movable with respect to the housing (13)

(1

§
L

iad

in ) ids

0

in a direction of vibration, wherein said hou

G

<

regiliently coupled to the vibraticon member (7)

&

s
OB
O

o

i Ao

o8

@]
=2

&
spring (14, 15), wherein the mechanism (1} is adapted

-3

S

e

that under operating conditions the vibration member (7}
driven upon driving the crankshaft (6) by driving means (12}.
2. A vibratory mechanism (1) according to claim 1,
whereln the characteristics of the fluid spring (14, 15) can
be adjusted, preferably such that the natural freqguency of
-spring system comprising the vibration member ({7)
and the fluid spring (14, 15} is similar to or approaches the

freq;@nuy of the crankshaft (6) under operating conditions.

u\)

A wvibratory mechanism (1} according to claim 1

or 2, wherein the vibration member is a piston (7} and the

[O)

housing comprises a cylinder (13) within which the piston (7)

is slidable, and the fluid spring is formed by a

ber (14, 15) being present between the piston {7} and the

cylinder (13).
4. A vibratory mechanism (1) according to claim 3,

wherein the fluid spring is formed by two fluid chambers (14

15) located at opposite sides of the piston (7).

. A vibratory mechanism (1} according to claim 4,
whereln the fluid chambers (14, 15} can communicate with each
other through a controllable valve {186).

A vibratory mechanism {1} according to one of
the preceding claims, wherein the mechanism (1} comprises at
least two vibration members (7)), and wherein the mechanism
(1) is adapted such that under operating conditions the vi-
b

[

cation members (7) can ke driven in opposite directions.



=t
o0

WO 2010/063764 PCT/EP2009/066244

/. A vibratory mechanism (1) according te claim 6,
wherein the characteristics of the resiliency between the
housing (13} and the wvibration members {7} can be wvaried.

8. A vibratory mechanism (1) accerding to one of

ng claims, wherein the fliuid spring (14, 15) can

<
o+
-
@
T
£
o
o 0
o
o
FJ
i3

ate with compressing means for increasing or decreas-
ressure of the fluid in the fluid spring {14, 15)5
9. A vibratory mechanism {1) according to one of

the preceding claims, wherein the mechanism (1) comprises ad-

10  Jjusting means for adijusting the stroke of the vibraticn
member (7} with respect to the eccentricity of the crankshaft
(6}.

10. A vibratory mechanism (1) according to one of

the preceding claims, wherein the housing (13} of the dynamic
i5 part {3) and the static part (2} are connected to each other
via a spring and/or a damper {18).

11. A vibratory mechanism (1} according to one of
the preceding c]aims, wherein a first part (9} of the con-
necting rod (8) is gulded by a crosshead guide (10) in the

20 static part (2 ) or in the dynamic part (3} and a second part
{11} thereof being fixed to the vibratiocn member (7} is mov-
able along its longitudinal centre line only.

1Z. A vibratory mechanism (1) according to one of
the preceding claims, wherein the vibration speed of the vi-

25 bration memper (7), the weight of the housing (13) and the

characteristics of the resiliency betwsen the housing {13}
and the vibration member {7) are selected such that the vi-
bration member (7) and the housing (13} substantially vibrate

in counter phase under operating conditions, and wherein the

“
N
(ID
!...J
o
@]
o
[¢i]
Q,
[ Os]
o
¢}
joy
[w)
oy
j$3]
or
‘..I
o+
n

30 welght of the vibration member (7) 1
inertia force of the first order substantially balances the
inertia force of the housing (13).

13. A pile driver comprising a vibratory mechanism
(1} according to one of the preceding claims.
35 14. A pile driver according to claim 13, wherein
2} for

the static part (2) is provided with driving means (

et

driving the crankshaft (6}.
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15, A plle driver accerding to claim 14, wherein

the driving means is an internal combusticn engine {(12).



WO 2010/063764 1 / 4 PCT/EP2009/066244

J12

( %
|

!l | S

Figure 1



PCT/EP2009/066244

13

2/4

‘ll

"‘

2 4.,:. “ﬂﬁﬁnﬁm_

Figure 2

WO 2010/063764

,
\ 6
‘vf,.lrff .
,iiili g Ne——T
@ ¥ ¢




WO 2010/063764 3/4 PCT/EP2009/066244

1\ ——

197

20 1} { /60

A
'VVV\\
AY

AAAAA
Yy
AMAAL
ey

ﬁ
I —
| =
— |
— |
{ —
\
52
N
w

M N
\J&L/W\j/w N

Figure 3



WO 2010/063764 PCT/EP2009/066244

Figure 4



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2009/066244

CLASSIFICATION OF SUBJECT MATTER

N E02D7/18" BO6B1/16

According to international Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

E02D BO6B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO- Interna] WPI Data

Electronic data base consulted during the mlemauonal search (name of data base and, where practical, search lerms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

figures 4,5

Category* | Citation of document, with indication, where agpropriate, of the relevant passages Relevant to claim No.
X SU 631 597 Al (PROTSKO ANATOLIJ A [SUD) 1-5,
5 November 1978 (1978 11- 05) 8-10,13
Y . figures ' 6-7,
11-12,
14-15
—-& DATABASE WPI Week 197933
Thomson Scientific, London, GB; AN
1979-H0826B
XP002513466
-& SU 631 597 Al (PROTSKO A A)
17 November 1978 (1978-11-17)
abstract
Y GB 2 095 731 A (SCHMIDT PAUL) : 6-7,
6 October 1982 (1982-10-06) 11-12

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*A* document defining the general slate of the art which is not
. considered to be of particular relevance
"E" earlier document but published on or after the international
filing date

*L" document which may throw doubts on priofity claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
- other means

‘P* document pubiished prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
me;lns, such combination being obvious to a person skilled
in the art.

‘&" document member of the same patent family

Date of the actual completion of the international search

9 March 2010

Date of mailing of the international search report

18/03/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Leroux, Corentine

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




'INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2009/066244

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

CN 2 818 553 Y (UNIV ZHONGNAN [CN])

20 September 2006 (2006-09- 20)

figure 1

JP 57 029730 A (MURAZAKI KAZUO)

17 February 1982 (1982-02- 17) ‘
abstract figure 2

SU 1 481 325 Al (SHAVOLOV ANDREJ S [Sul)
23 May 1989 (1989 05- 23)

figures

SU 1 730 359 A2 (SHEVOLOV ANDREJ S [Sul)
30 April 1992 (1992 04 -30) -

figures

GB 1 100 918 A (ALBERT GEORGE BODINE)

24 January 1968 (1968-01-24)

page 3, lines 7-10; figure 4

US 3 996 912 A (DREISIN ALEXANDER ET AL)
14 December 1976 (1976-12-14)

figure 1

6-7

14-15

14

14

15

1-15

Form PCT/tSA/210 (continuation of second sheet) (April 2005}

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2009/066244

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

SU 631597 Al 05-11-1978  NONE

GB 2095731 A 06-10-1982  DE 3112396 Al 07-10-1982
FR 2502663 Al 01-10-1982
JP 57174537 A 27-10-1982

CN 2818553 Y 20-09-2006  NONE

JP 57029730 A 17-02-1982  NONE

SU 1481325 Al 23-05-1989  NONE

. SU 1730359 | A2 30-04-1992  NONE
-GB 1100918 A - .24-01-1968  NONE - -
us 3996912 A 14-12-1976  NONE

Form PCT/SA/210 (patent family annex) (April 2005}




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

