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A vibratory hammer for 2 8

use in driving a work piece —
such as a pile, pipe, caisson or
plate into the earth includes a
support frame (10) adapted to
be suspended from a crane or
the like, and a vibrator assembly
(12) that is suspended from the
frame. The vibrator assembly
includes at least one pair of
laterally spaced, parallel rotary
shafts (40) that are rotatable
in opposite directions to one
another, and a weight (46)
is supported on each shaft
and shiftable radially relative
to the corresponding shaft
between a balanced position
in which the center of mass of
the weight is colinear with the
longitudinal axis of the shaft,
and an eccentric position in |4
which the center of mass of the
weight is offset radially from the
longitudinal axis of the shaft, preferably the shifting is by a fluid—actuated piston-and-cylinder assembly (54).
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VARIABLE ECCENTRIC VIBRATORY HAMMER

BACKGROUND OF THE INVENTION

The present invention relates generally to vibratory hammers having at
least one pair of laterally spaced. rotating eccentric weights and a drive mechanism for
driving rotation of the weights at the same speed in opposite directions to one another.
More particularly, the invention relates 10 a vibratory hammer construction in which the
weights can be shifted from their eccentric. vibration-producing positions to balanced,
non-eccentric positions during start-up and shut-down to avoid the production of
potentially destructive strokes that might otherwise result and to be able to control the
magnitude of forces generated bv the rotation of the eccentric weights.

A known vibratorv hammer construction includes a support frame adapted
to be suspended from a crane or the like. a vibrator assembly suspended from the frame
for generating vibration used to drive a work piece into the earth. and a clamping
assembly for selectively clamping and releasing a work piece. The vibrator assembly
includes at least one pair of laterally spaced, parallel shafts that are rotatable in opposite
directions to one another, and an eccentric weight supported on each rotary shaft such
that the center of mass of the weight is radially offset from the longitudinal axis of the
corresponding shaft.

A hydraulic or electric motor is provided for driving rotation of the shafts
at a speed of, e.g. 1500 rpm to produce vibration in the hammer for driving the work
piece into the earth. At start-up, the motor increases the rotational speed of the shafts
from zero rpm to the working speed of the hammer. Likewise, when the hammer is shut
down, the speed of the shafts is reduced to a stop. A common problem experienced with
known hammers arises during these start-up and shut-down peniods. As the hammer
vibrates at a frequency equal to its natural frequency, potentially destructive strokes can
occur that can cause damage to the hammer, the work piece. and/or possibly to adjacent
structures such as buildings and the like. Although operators attempt to bring the
hammers up to speed or shut them down as quickly as possible to mimmize the amount

of damaging vibration that occurs. This practice does not eliminate the nsk.

BRIEF SUMMARY OF THE INVENTION
It is an object of the present invention to provide a vibratory hammer

apparatus having a construction that permits the operator to substantially eliminate
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vibration of the hammer during start-up and shut-down,

especlially when the frequency of vibration passes through

the range of the natural frequency of the hammer.

It 1s another object of the invention to provide a
hammer that, without adding significant cost or complexity
thereto, permits the degree of eccentricity to be
selectively adjusted on-the-fly, permitting control of the

vibration forces produced by the hammer during operation.

According to one aspect the i1nvention provides a
vibratory hammer for use 1n driving a work pilece into the
earth, the hammer comprising: a support frame; and a
vibrator assembly including a body suspended from the

support frame, at least one palr of laterally spaced,

parallel rotary shafts supported on the body and being
rotatable 1n opposite directions to one another, each rotary

shaft defining a central longitudinal axis and including a

central region presenting a palr of guilde surfaces, each
including a tongue, and a transverse cylinder extending in a
direction parallel to the gquide surfaces, a weight supported
on each rotary shaft and defining a center of mass, each
welight being received on the guide surfaces and including
grooves engaging the tongques of the guide surfaces for
movement between a balanced position i1n which the center of
mass of the weight 1s collinear with the longitudinal axis
of the shaft, and an eccentric position in which the center
of mass of the weight is offset radially from the
longitudinal axis of the shaft, and a shifting means for
selectively carrying out the shifting movement of the
welights, the shifting means including a piston-and-cylinder
assembly for each rotary shaft, the piston—-and-cylinder
assembly comprising a piston supported in the cylinder of
the respective rotary shaft for radial shifting movement

between a retracted position and an extended position.
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According to another aspect the invention provides
a vibrator assembly for use in driving a work piece into the
earth, the assembly comprising: a body; at least one pair of
laterally spaced, parallel rotary shafts supported on the
body and being rotatable in opposite directions to one
another, each rotary shaft defining a central longitudinal
axis and including a central region presenting a pair of
gulide surfaces, each including a tongue, and a transverse

cvlinder extending in a direction parallel to the guide

surfaces; a weight supported on each rotary shaft and
deflning a center of mass, each weight being received on the
gulde surfaces and including grooves engaging the tongues of

the gulide surfaces for movement between a balanced position

in which the center of mass of the weight is collinear with

the longitudinal axis of the shaft, and an eccentric
position 1n which the center of mass of the weight is offset
radially from the longitudinal axis of the shaft; and a
shifting means for selectively carrying out the shifting
movement of the weights, the shifting means including a
piston supported in the cylinder of each rotary shaft for
radial shifting movement between a retracted position and an

extended position.

By providing a variable eccentric vibratory hammer
in accordance with the present invention, numerous
aavantages are realized. For example, by permitting on-the-
fly adjustment in the degree of eccentricity of the weights

of the vibrator assembly, it is possible to reduce vibration

Lo zero during start-up and shut-down, when the frequency of
the vibration of the apparatus approaches the natural
frequency thereof. In addition, when the hammer is
operating at speed, the construction permits both the

frequency and amplitude of the vibrations to be adjusted to
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provide optimum performance of the hammer in varying soil

conditions and 1in diverse environments.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The preferred embodiment of the present invention
1s described 1in detail below with reference to the attached

drawing, wherein:
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Fig. 1 1s a perspective view of a variable eccentric vibratory hammer
constructed in accordance with the preferred embodiment;

Fig. 2 1s a front elevational view of the hammer, partially cut away to
1llustrate a pair of shaft assemblies forming a part thereof;

Fig. 3 is a cross-sectional view of one of the shaft assemblies, illustrating
a weight forming a part thereof in a balanced, non-eccentric position;

Fig. 4 1s a cross-sectional view of one of the shaft assemblies, illustrating
the weight 1n an eccentric position;

Fig. 5 1s a sectional view taken along line 5-5 of Fig. 3 of one of the shaft
assemblies, illustrating the weight in a balanced, non-eccentric position;

Fig. 6 1s a sectional view taken along line 6-6 of Fig. 4 of one of the shaft
assemblies, 1llustrating the weight in an eccentric position; and

Fig. 7 1s a sectional view taken along line 7-7 of Fig. 3, illustrating details

of the weight of one of the shaft assemblies.

DETAILED DESCRIPTION OF THE INVENTION

A variable eccentric vibratory hammer constructed in accordance with the
preferred embodiment of the present invention is illustrated in Fig. 1, and broadly
includes a support frame 10, a vibrator assembly 12 suspended from the support frame,
and a clamping assembly 14 secured to the bottom of the vibrator aSsembly for gripping
a pile 16 to be driven into the earth.

The support frame 10 includes a pair of plates 18 of inverted U-shaped
configuration that are secured together by a plurality of cross members extending
between and welded to the plates. A shackle, sling, hook, loop, or the like 20 is attached
to the cross members extending between the plates at the top of the frame and enables the
apparatus to be supported from a crane or the like during use. Although the vibratory
hammer 1s shown as being supported in the frame 10, it is understood that the hammer
could be supported directly by a work piece, and that the use of a support frame is
unnecessary in such instances. As such, use of the frame is optional. Likewise, frames
of different configurations may also be employed. ‘

The vibrator assembly 12 1s of generally square or rectangular shape, and
Includes opposing front and back plates 22 spaced from one another by laterally spaced

side walls 24 and vertically spaced top and bottom walls 26 such that the plates and walls
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form a body presenting a substantially enclosed interior space. A generally rectangular
plate 28 extends from and 1s welded to each side wall of the body to present a bracket by
which the vibrator assembly is suspended by the support frame. Preferably, several
gussets are welded between the brackets and the side walls 24 for strength to support the
brackets against loads exerted on them during use. The brackets 28 are secured to the
support frame through conventional elastomeric dampeners that substantially isolate
vibration of the assembly 12 from the support frame 10.

The clamping assembly 14 1s bolted to the bottom wall 26 of the vibrator
assembly body, and provides a means for selectively clamping and releasing a work piece
16 such that the apparatus can clamp the work piece and drive it into the earth during
operation of the vibrator assembly. The illustrated clamping assembly is a sheet
clamping assembly which includes an upper base 30 by which it is secured to the body,
a depending clamp 32 presenting a pair of laterally spaced jaws that are movable toward
and away from one another to grip or release a work piece, and a pair of depending guide
clements 34 presenting a tapered opening or mouth to the clamp such that a work piece
1s guided into the clamp as the apparatus is lowered into place onto the work piece. In
addition, the clamping assembly includes a hydraulic piston and cylinder assembly 36 or
the like for selectively moving the jaws of the clamp and holding them in place on
demand.

Although the apparatus is 1llustrated as including the sheet clamping
assembly 14, 1t 1s noted that other types of clamping assemblies are envisioned within the
scope of the invention. For example, it is possible to substitute any other mechanism for
the clamping assembly which transmits the forces generated by the vibrator assembly to
a work piece or other object to be manipulated by the apparatus. Examples of such
mechanisms include casson clamp assemblies, square or circular concrete clamp
assemblies, pipe clamp assemblies, and round wood clamp assemblies, all of which are
conventional assemblies known 1n the art.

As shown 1n Fig. 2, the parts of the vibrator assembly 12 responsible for
producing vibration forces during operation of the apparatus are supported within the
interior space of the body, and broadly include at least one pair of laterally spaced,
parallel rotary shaft assemblies 38 supported between the front and back plates 22 of the
body and a dnve means for driving rotation of the shafts in opposite directions to one

another.
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As shown in Fig. 5, each shaft assembly 38 broadly includes a shaft 40,
a pair of bearing assemblies 42 for supporting the shaft on the body for relative rotation,
a pinion 44 for transmitting drive to the shaft from the drive means, a weight 46
supported on the shaft for rotation therewith, and a shifting means for selectively carrying
out radial shifting movement of the weight relative to the shaft. With reference to Figs.
3 and 4, the shaft 40 includes a central region 48 having a square or rectangular cross-
sectional shape presenting a pair of diametrically opposed guide surfaces that receive the
welght on the shaft and guide the weight for relative radial movement between a balanced
position in which the center of mass of the weight i1s collinear with the longitudinal axis
of the shaft, and at least one eccentric position in which the center of mass of the weight
1s offset radially from the longitudinal axis of the shaft. Preferably, as shown in Fig. 7,
each guide surface of the shaft includes a tongue or step 50 that mates with a cooperating
groove 1n the weight to prevent the weight from shifting axially relative to the shaft. As
such, the weight 46 rotates with the shaft 40 and is fixed axially thereon, while being free
to shaft radially upon actuation of the shifting means.

Returning to Fig. 5, journals are formed adjacent the ends of the shafts 40,
and are sized for receipt in the bearing assemblies 42 such that the shafts are secured to
the body for relative rotation thereto. Each shaft also includes a stepped section between
one of the journals and the square central region for receiving the pinion 44, and is keyed
to the pinion at the stepped section so that drive transmitted to the pinion rotates the shaft.

As shown 1n Fig. 3, the weight 46 of each assembly 38 is preferably
formed of a solid piece of steel or other suitable material, and is preferably semi-
cylindrical in shape. Altemnately, other suitable shapes can be employed. A square or
rectangular cut-out 1s formed 1n the weight and a U-shaped wall 52 protrudes from the
planer surface of the weight over the cut-out to form an end wall of the cut-out, closing
off the cut-out so that it is completely circumscribed by the material of the weight. The
cut-out presents a pair of interior side walls that are received on and guided by the guide
surfaces of the shaft 40. As mentioned, the side walls preferably include grooves that
mate with corresponding tongues 50 formed in the guide surfaces of the shaft, as shown
In Fig. 7, to secure the weight against axial movement relative thereto.

The illustrated shifting means for carrying out the selective radial shifting
movement of the weight of each shaft assembly is shown in Fig. 5 and includes a fluid-

actuated piston-and-cylinder assembly 54 supported between the weight and the shafft,
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and a fluid circuit for supplying the assembly with working fluid under pressure. The
assembly 54 preferably includes a cylinder 56 formed in the square segment of the shalft,
and a piston 58 received in the cylinder and bearing against the end wall of the weight.
The cylinder 56 is elongated, extending in a direction transverse to the longitudinal axis
of the shaft such that when the piston 58 is extended, it moves the weight radially relative
to the shaft from the eccentric to the balanced position.

The fluid circuit 1s preferably a hydraulic circuit including a fluid
passageway 60 extending through the shaft 40 between the cylinder 56 and an axial end
of the shaft, a hydraulic line 64 formed in or extending through the wall of the frame
adjacent the end of the shaft, and a conventional control mechanism for controlling the
ﬂow of hydraulic fluid to and from the line. Preferably, the end of the shaft 40 is
received in the wall of the frame 10, and a seal 62 1s positioned around the end of the
shaft between the shaft and the frame wall so that fluid flowing between the hydraulic
line and the fluid passageway is prevented from leaking at the pomnt of the rotary
coupling. When fluid under pressure 1s supplied to the cylinder 56, the piston 58 is
extended, moving the weight 46 toward the balanced position. When fluid 1s drained
from the cylinder 56, the piston 58 retracts, allowing the weight 46 to move away from
the balanced position.

Although the cylinder 56 in each shaft 40 is 1llustrated in the figures as
being a single-acting hydraulic cylinder, it 1s possible to substitute a double-acting
cylinder in place thereof. The use of a double-acting cylinder, along with the requisite
hydraulic circuit and control mechanism for controlling the flow of hydraulic fluid to and
from both sides of the cylinder, permits positive control of the position of the piston
within the cylinder, ensuring that both eccentrics are shifted by equal amounts so that the
forces generated within the apparatus are balanced laterally, offsetting one another.

As shown 1n Fig. 2, the drive means for driving rotation of the shafts
preferably includes' a hydraulic motor having an output shaft 66 on which a dnive gear 68
1s supported. One or more transfer gears 70 can be employed for transmitting rotation
of the drive gear to the shaft assemblies 38. In order that the shafts are rotated in opposite
directions to one another, the transfer gear 70 engages one of the pinions 44 and that
pinion, in turn, directly engages the other pinion. However, 1t 1s understood that any

conventional mechanism can be substituted for the drive shown so long as the shafts 40
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are rotated 1n directions opposite to one another at the rotational speeds required by the
apparatus.

During start-up of the apparatus, the pistons 58 of the shifting means are
extended, moving the weights 46 to the balanced position shown 1n Figs. 3 and 5 so that
the centers of mass of the weights are the same as the central longitudinal axes of the
shafts 40. In this position of the weights, rotation of the shafts 40 results in the
production of no vibration, and the shafts can safely be brought up to working speed
without the risk that dangerous vibratory strokes will be produced that might otherwise
damage the apparatus, the work piece or surrounding objects such as buildings and the
like.

Once the shafts are brought to a desired speed of rotation, fluid 1s drained
from the cylinders of the assemblies, allowing the piston to retract. Turning to Figs. 4
and 6, as the weights are shifted radially from the balanced position, the centers of gravity
of the weights move radially away from the longitudinal axes of the shafts, throwing the
weights radially outward toward the eccentric position. Although the extreme eccentric
position is referred to as “the” eccentric position, it 1s understood that every position of
the weights other than the balanced position is actually eccentric. As such, by controlling
the position of the piston of the assembly, 1t 1s possible to adjust the amount of
eccentricity of the weights and thus the amplitude of the vibration produced by the
apparatus.

The fluid pressure in the cylinders always works against the centrifugal
forces exerted on the pistons by the weights such that 1t 1s possible to maintain the
weights in any desired eccentric position by controlling the amount of fluid supplied to
the cylinders. This feature of the invention allows the operator to adjust the amplitude
of the vibration being produced on-the-fly in order to maintain any desired amplitude of
vibration. In addition, by adjusting the speed of rotation of the shafts, it 1s also possible
to control the frequency of vibration. Thus, a wide vanety of vibratory forces can be
produced with a single apparatus, providing greater versatility than conventional
vibratory hammers.

Once the work piece has been driven into the earth by the vibratory action
of the apparatus and is to be turned off, fluid under pressure 1s supplied to the cylinders
of the assemblies so that the pistons are extended and the weights are shifted against the

centrifugal forces exerted thereby to the balanced position shown 1n Figs. 3 and 5. Once
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this shifting of the weights is completed, dnive to the shafts is discontinued and they are
allowed to slow to a stop, again without running the nisk of producing dangerous
vibratory strokes that could cause damage to the apparatus or other adjacent objects.

' Although the shifting means of the apparatus 1s 1llustrated as including a
hydraulic piston-and-cylinder system, it 1s within the scope of the invention to employ
other hydraulic systems, or to substitute an electrical or mechanical system 1n place
thereof. Specifically, the piston-and-cylinder assembly could be replaced with any
known type of assembly that applies a sufficient radial force on the weights to shift the
weights on-the-fly between the balanced and eccentric positions, and that can be
selectively controlled by the operator of the apparatus.

For example, solenoids could be supported betWeen the shafts and the
welghts in much the same manner as the piston-and-cylinder assemblies, and an electrical
circuit provided which would permit the operator to actuate the solenoids to shift the
weights between the balanced and eccentric positions. Such solenoids could be shiftable
between only a pair of extreme positions, or among an infinite number of positions, as
desired.

Alternately, the piston-and-cylinder assemblies could be replaced by rack
and pinion systems that would be driven by servo or stepper motors to adjust the
positions of the weights on the shafts. Likewise, other mechanical, electrical, hydraulic
or hybnd systems could be employed to carry out the desired radial shifting movement
of the weights on the' shafts.

Although the present invention has been described with reference to the

preferred embodiment illustrated in the figures of the drawing, it is noted that

substitutions may be made and equivalents employed herein without departing from the

scope of the invention as recited in the claims.
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CLAIMS:

1. A vibratory hammer for use 1in driving a work piece

into the earth, the hammer comprising:
a support frame; and

a vibrator assembly including a body suspended
from the support frame, at least one pair of laterally
spaced, parallel rotary shafts supported on the body and
being rotatable in opposite directions to one another, each
rotary shaft defining a central longitudinal axis and
including a central region presenting a pair of guide

surfaces, each 1ncluding a tongue, and a transverse cylinder

extending 1n a direction parallel to the guide surfaces, a

welght supported on each rotary shaft and defining a center

of mass, each welight being received on the guide surfaces
and i1ncluding grooves engaging the tongues of the guide
surfaces for movement between a balanced position in which
the center of mass of the weight 1s collinear with the
longitudinal axis of the shaft, and an eccentric position in
which the center of mass of the weight is offset radially
from the longitudinal axis of the shaft, and a shifting
means for selectively carrying out the shifting movement of
the weights, the shifting means including a piston-and-
cylinder assembly for each rotary shaft, the piston-and-

cylinder assembly comprising a piston supported in the

cylinder of the respective rotary shaft for radial shifting
movement between a retracted position and an extended

position.

2 . A vibratory hammer as recited in claim 1, wherein
each rotary shaft includes a pair of journals by which the

shaft 1s supported on the body, an end section protruding

beyond one of the journals, and at least one fluid
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passageway extending between the end section and the piston-
and-cylinder assembly supported by the shaft, and the
shifting means includes a rotary fluid coupling received on
the end section of each shaft for providing fluid

communication to the piston-and-cylinder assemblles.

3. A vibratory hammer as recited i1n claim 1, wherein
the piston of each piston—-and-cylinder assembly 1s extended
to move the weight to the balanced position and retracted to

move the weight to the eccentric position.

4 . A vibrator assembly for use 1n driving a work

piece 1nto the earth, the assembly comprising:
a body;

at least one pair of laterally spaced, parallel
rotary shafts supported on the body and being rotatable in
opposite directions to one another, each rotary shaft
defining a central longitudinal axilis and including a central
region presenting a pair of guide surfaces, each including a
tongue, and a transverse cylinder extending in a direction

parallel to the guilide surfaces;

a welght supported on each rotary shaft and
defining a center of mass, each weight being received on the
gulde surfaces and including grooves engaging the tongues of
the guide surfaces for movement between a balanced position
in which the center of mass of the weight is collinear with
the longitudinal axis of the shaft, and an eccentric
position 1n which the center of mass of the weight 1s offset

radially from the longitudinal axis of the shaft; and

a shifting means for selectively carrying out the

shifting movement of the weights, the shifting means

including a piston supported in the cylinder of each rotary
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shaft for radial shifting movement between a retracted

position and an extended position.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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