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(57 ABSTRACT

The present invention may be embodied as an cceentric
vibration sysiem comprising a major cccentric member.,
minor cceentric member, first and second motor assemblices,
and a transmission system. The transmission sysiem oper-
ates in a first mode when a torque of the first motor assembiy
is fess than a torque of the second motor assembly and in a
second mode when the torque of the first motor assembly is
grecater than the torque of the second motor assembly. When
the transmission system operates in the first mode. longitu-
dinal vibratory forces generated by the major cecentric
member substantially cancel longitudinal vibratory forces
generated by the minor eccentric member. When the trans-
mission system operates in the second mode. longitudinal
vibratory Torces generated by the major eccentric member
arc added to longitudinal vibratory forces generated by the
minor ceeentric member.

35 Claims, 4 Drawing Sheets
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ECCENTRIC VIBRATION SYSTEM WITII
RESONANCE CONTROL

RELATED APPLICATIONS

This application claims priority o' U.S. Provisional Appli-
cation Ser. No. 60/537.586 liled on Jan. 20. 2004,

TECHNICAL FIELD

The present invention relates 1o vibration systems and
methods for driving clongate members into the carth and.
more specifically. to vibration systems that use counter-
rotating eceentric weights to generate vibratory forees.

BACKGROUND OF THE INVENTION

Counter-rotating pairs of cceentric weights are ofien used
to generate vibratory forees for driving clongate members
such as piles, caissons, and the like. As is well-known in the
arl, when eccentric weights are rotated in-phase in opposite
dircctions at the same speed. the transverse foree compo-
nents of cach pair of eceentric weights cancel each other.

while the longitudinal force components of each pair of

ceeentric weights are summed together.

Probiems may arise when the counter-rotating weights are
accelerated and/or decelerated. In particular, the counter-
rotating weights are typically used as part of a Jarger driving
system including a vibro housing, a clamp assembly, a
suppression assembly. and a support assembly. The counter-
rotating weights are mounted within the vibro housing. The
vibro housing is sccured to the clamp assembly and the
suppression assembly. The clamp assembly rigidly secures
the vibro housing to the clongate member to be drive. while
the suppression assembly inhibits transmission of the vibra-
tory forces from the vibro housing to the support assembly.

The longitudinal vibratory forces have a frequency deter-
mined by the rotational speed of” the eccentric members. As
the counter-rotating weights are accelerated and decelerated,
the frequency of longitudinal vibratory forces may move
through a range of frequencies that may cause other com-
ponents of the driving system to resonate. When the driving
system or portions thercof resonates. the driving system and
the elongate member connected thereto can become unstable
and/or become damaged. Ideally. resonant vibration upon
starting and stopping ol the driving system should be
avoided.

The Applicant is awarc of a class of cccentric vibration
systems that may be used in a manner that avoids resonant
vibration during starting and stopping. In particuae, variabie
moment cccentric vibration systems ailow the operator 10
vary the moment of the vibration system during operation.
Variable moment eccentric vibration systems can be oper-
ated such that resonant frequencies during sturting and
stopping are avoided.

Variable moment eccentric vibration systems are. how-
ever. expensive and complex and require significantly more
maintenance than conventional eccentric vibration systems.
The need thus exists for eccentric vibration systems thit
avoid resonant Trequencies during starting and stopping but
are inexpensive and simple to operate and maintain.

SUMMARY OF THE INVENTION

The present invention may be embodied as an eceentric
vibration system comprising a major cecentric member. a
minor eccentric member. first and second motor assemblies.
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and a transmission system. The transmission system con-
neets the irst and second motor assemblies to the major and
minor eccentric members and operates in a lirst mode when
a torque of the first motor assembly is less than a torque of
the second motor assembly and a second mode when the
torque of the first motor assembly is greater than the torque
of the second motor assembly.

When the transmission system operates in the lirst and
sccond modes. the first and second motor assemblics rotate
the major and minor eceentric members through the trans-
mission system such that transverse vibratory forces gener-
ated by the major cccentric member substantially cancel
transverse vibratory forces generated by the minor ceeentric
member.

When the transmission system operates in the first mode.
the first and second motor assemblies rotate the major and
minor eceentric members through the transmission sysiem
such that longitudinal vibratory forces generated by the
major eccentric member substantially cancel longitudinal
vibratory forces gencrated by the minor cecentric member.

When the transmission system operates in the sccond
mode. the first and second motor assemblies rotate the major
and minor cecentric members through the transmission
system such that longitudinai vibratory forces gencerated by
the major eccentric member are added to longitudinal vibra-
tory forces gencrated by the minor cecentric member.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a highly schematic block diagram view of an
eceentric vibration sysiem of the present invention;

FIG. 2 is a top plan section view iliustrating an cccentric
vibration device of the system of FIG. 1 taken along lines
2—2in FIG. 3:

FIG. 3 is a side elevation view of the cccentric vibration
device of FIG. 2;

FIG. 3 is a section view taken along lines 3—3 in FIG. 2;

FIG. 4 is a section view taken along lines 4—4 in FIG. 2.
depicting a transmission system of the vibratory device of
FIG. 2 in a lirst mode:

FIG. 5 is a section view from the same perspective as FIG.
4 depicting the transmission system in a third mode:

FIG. 6 is a section view from the same perspective as FIG.
4 depicting the transmission system in a sccond mode:; and

FIG. 7 is 4 somewhat schematic elevation view depicting
the use of the vibratory device of FIG. 2 as part of a driving
syslem.

DETAILED DESCRIPTION OF THE
INVENTION

Referring initially to FIG. 1 of the drawing, depicted
thercin is a block diagram of an example eccentric vibration
system 20 constructed in accordance with, and embodying.
the principles of the present invention. As shown in FIGS.
1-3. the eccentric vibration system 20 includes a vibration
device 22 comprising at least one major eccentric member
24 and at least one minor eccentric member 26. The eccen-
tric members 24 and 26 are driven by lirst and second motor
assemblies 30 and 32 through a transmission system 34.

The transmission system 34 operates in a first mode or a
second mode depending on the relative torques applied to
the transmission system 34 by the motor assemblies 30 and
32. In particular, when a torque of the first motor assembly
30 is Iess than the torque of the second motor assembly 32,
the transmission assembly operates in the first mode. The
transmission assembly operates in the second mode when a
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torgue ol the first motor assembly 30 is greater than the
torque of the second motor assembly 32.

As is well-known in the arl. vibratory forces can be
generated by rotating eceentric members with paratiel axes
of rotation in phase and at the same speed but in opposite
directions. As wilf be described in Turther detail below, the
term “in-phase™ as used herein indicates that the centers of
gravity of two cccentric members are at all times substan-
tially symmetrically focated about a plane of symmetry
paratiel to and spaced equidistant from the axes about which
the cecentric members rotate. The term “counter-rotate™ as
used herein indicates that eceentric members are rotated o
the same speed in opposite dircetions.

When cccentric members are counter-rotated  in-phase
about paratiel axes. transverse vibratory forces cancel cach
other and the longitudinal vibratory forces are summed. The
result is back and forth movement along a fongitudinal
system axis and fittle or no transverse or horizontal move-
ment along an transverse system axis orthogonal 1o the
longitudinal system axis.

In the example cccentric vibration system 20, the trans-
mission system 34 is configured such that. in the second
mode. the major and minor eccentric members 24 and 26 are
conventionally  counter-rotated  in-phase. The  vibration
device 22 thus generates longitudinal vibratory forces along
a system jongitudinal axis A, ¢ and littie or no transverse
vibratory forces along a main transverse axis A, when the
transmission system 34 operates in the second mode. As will
be described in further detail below. this movement of the
eccentric vibration device 22 forms a vibratory force that
may be used to drive piles and other elongate members into
the carth.

However. in the first mode, the transmission system 34 is
conligured such that the major and minor cccentric members
24 and 26 are counter-rotated but are approximately 180
degrees out of phase with cach other. The result is that both
longitudinal and transverse forees are cancelled. Accord-
ingly. in the first mode. the eccentric vibration device 22
does not move or vibrate along cither the longitudinal or
transverse axes A, ¢ and A ,,.

The transmission system 34 is sclectively placed in either
the first mode or the second mode by altering the relative
torques of the first and second motor assemblics 30 and 32.
In particular. the transmission system 34 operates in the first
mode when a torque of the first motor assembly 30 is less
than a torque of the second motor assembly 32. The trans-
mission system 34 operates in the second mode when the
torque of the first motor assembly 30 is greater than the
torque of the second motor assembly 32.

In use, the relative torques of the first and second motor
assemblics 30 and 32 arc set such that the transmission
system 34 is in the first mode during system start-up and
system shut-down. The term “system start-up” refers to the
acceleration of the cccentric members 24 and 26 from zero
revolutions per minute to a predetermined desired operating
speed. The term “system shut-down™ refers to the deceiera-
tion of the eccentric members 24 and 26 from the predeter-
mined desired operating speed back to zero revolutions per
minute. Because the eccentric vibration device 22 does not
vibrate when the transmission system 34 is in the lirst mode,
the system 20 is uvnlikely to cause resonant vibration of
components attached thereto during sysiem start-up and
system-shut down.

However. once the eccentric members 24 and 26 reach the
predetermined desired operating speed. the relative torques
of the lirst and second motor assemblies 30 and 32 are set
such that the transmission system 34 operates in the second
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4
mode. The term “system operation™ will refer to the con-
tinuous operation of the cccentric vibration system 20 at the
desired operating speed with the transmission assembly 34
in the sccond mode.

During system operation, the cecentric vibration device
22 vibrates along the longitudinal axis A, delined by the
device 22. The desired operating speed s predetermined
such that. when the eceentric vibration device 22 vibrates at
a frequency associated with the desired operating speed,
resonant vibration of components attached to the device 22
does not oceur.

Accordingly. by altering the refative torques of the lirst
and second motors and appropriately sclecting the desired
operating speed. the cceentric vibration system 20 may be
operated 1o avoid resonant vibration of components attached
thereto during system start-up. system operation. and system
shut-down.

Given the foregoing general understanding of the present
invention, the details of construction and operation of the
example vibration system 20 wili now be described in
further detail.

Referring again 10 FIG. 1. it can be scen that the example
transmission  system 34 comprises a first transmission
assembly 40 and a second transmission assembly 42. The
first transmission assembly 40 is operatively connected to
the first motor assembly 30 and to the major eccentric
member 24. The second transmission assembly 42 is opera-
tively connected to the second motor assembly 32 and to the
minor cceentric member 26.

The first transmission assembly 40 comprises a major pin
gear 50. a major direct gear 52, and a major drive pin 54.
Axes A, and A, delined by the major pin gear 50 and
major direet gear 52. respectively, are aligned along a first
transverse axis A, delined by the fiest transmission assem-
bly 40. The sccond transmission assembly 42 similarly
comprises a4 minor pin gear 60, a minor direct gear 62, and
a minor drive pin 64. Axes Ay, and A,,, defined by the
minor pin gear 60 and minor direct gear 62. respectively. are
also aligned along a sccond transverse axis A, defined by
the second transmission asscmbly 40.

As will be described in further detail below, a plurality of
major and minor eccentric members 24 and 26 may be used.
Subscripted letters will be used in conjunction with refer-
ence characters herein to refer 10 components that are
replicated when more than one major eccentric member 24
and more than one minor eccentric member 26 are used.

In the example eccentric vibration device 22 illustrated in
FIGS. 1-3. first and second major cceentric members 24a
and 24h and first and second minor eccentric members 26a
and 26b arc used. An cccentric vibration device of the
present invention may also be constructed with a single
major eccentric member and a single minor cccentric mem-
ber. In addition, more than two major eccentric members and
more than two minor cecentric members may be used in
accordance with the principles of the present invention.

The major and minor eccentric members 24 and 26 are
rigidly connected to the direct gears 62 and 64, respectively.
In particular, the eccentric members 24 and 26 can be
integrally formed with the direct gears 52 and 62 by milling
or casting or can be boited. welded. or otherwise attached 10
the direct gears 52 and 62.

FIG. 1 further shows that the first and second motor
assemblies 30 and 32 comprise first and second motors 70
and 72 and first and second motor gears 74 and 76. respec-
tively. The first and second motors 70 and 72 are connected
1o first and second motor gears 74 and 76 by first and second
motor shaits 80 and 82. respectively.
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The eceentric members 24 and 26. motor assemblics 30
and 32. and transmission system 34 are all supported by a
housing assembiy 84. The housing assecmbly 84 comprises a
housing structure 86 and a plurality of housing bearing
assemblics 88. The housing bearing assemblics 88 rotatably
support shafts 90 and 92. The bearing assemblics 88 allow
the shafts 90 and 92 to rotate relative to the housing structure
86.

The pin gears 50 and 60 are rotatably supported on the
shaits 90 and 92 by ring bearing assemblies 94. The example
direct gears 52 and 62 are secured 1o the shafts 90 and 92.
The axes A, and Ay, are aligned with the shait 90q. the
axes Ay, and A, are aligned with the shaft 92a. the axes
A, and Ay, are afigned with the shaft 92b. and the axes
Ay, and Ay, are aligned with the shaft 90h.

While FIG. 1 is highiy schematic, FIGS. 2 and 3 show the
physical structure of the example eceentric vibratory device
22, In particular. the first and sccond transverse axes A, and
A ;- associated with the lirst and second transmission assem-
blics 40 and 42 arc parallei and spaced an cqual distance
from the main transverse axis Ay, The axes A, and Ay,
are substantially collinear, and the axes A . and A, arc also
substantially coilincar.

The drive pins 54 and 64 extend from the pin gears 50 and
60 towards the main transverse axis A, and in a direction
that is substantially parallel to the axes A, and Ay, asso-
ciated with the pin gears 50 and 60. The cecentric members
24 and 26 cxtend from the direct gears 52 and 62 towards the
pin gear 50 or 60 corresponding thereto. The centers of
gravity of the cceentric members 24 and 26 substantially lic
along the main transverse axis Ay,

The pin gears 50 and 60 and the direct gears 52 and 62
corresponding thereto deline eceentric regions 96 and 98 in
which the eccentric members 24 and 26. respectively. rotate.
The cecentric members 24 and 26 occupy approximately one
haif of the eccentric regions 96 and 98. The drive pins 54 and
64 extend into portions of the ceeentric regions 96 and 98,
respectively. which are not occupicd by the eccentric mem-
bers 24 and 26.

Accordingly. as shown in FIG. 2. the drive pins 54 and 64
overlap the eccentric members 24 and 26 in a transverse
plane. Rotation of the gears 50, 52. 60. and 62 thus causes
the cccentric members 24 and 26 and the drive pins 54 and
64. respectively. 1o engage cach other. To facilitate engage-
ment of the drive pins 54 and 64 with the eccentric members
24 and 26. optional first and second pin pockets 100 and 102
may be formed on cach of the eccentric members 24 and 26.
Optional pin covers 104 may be formed on the drive pins 54
and 64 10 reduce wear.

As will be discussed in further detail below with reference
10 FIGS. 4-6. the relative rotational speeds of the gears 50,
52. 60, and 62 determines whether the cceentric members 24
and 26 drive their associated drive pin 54 or 64 or whether
the drive pins 54 and 56 drive their associated cccentric
member 24 or 26.

Given that the example eccentric vibration device 22
comprises two major eccentric members 24a and 245 and
two minor eccentric members 26a and 265, the transmission
system 34 further includes first and second major pin gears
50a and 50b. first and second major direet gears 52a and
52b, first and second major drive pins 54 and 54b, first and
second minor pin gears 60a and 60b. first and second minor
direct gears 62a and 62b. and first and second minor drive
pins 54 and 54b.

As shown in FIGS. 1 and 2, the first transmission assem-
bly 40 comprises a gear sequence comprising the first major
pin gear 50q. the first major direct gear 52a. the second
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major direct gear 52b, and the second major pin gear 50h.
The sccond transmission assembly 42 comprises a gear
sequence comprising the first minor direct gear 62a. the lirst
minor pin gear 60a. the second minor pin gear 60h. and the
second minor dircet gear 626, Each gear in the gear
sequences formed by the example first and second transmis-
sion assemblics 40 and 42 engages the adjacent gear or gears
in a conventional manner. In the example transmission
system 34, the lirst motor gear 74 engages the first major pin
gear 50a. while the second motor gear 76 engages and
rotates the second minor direct gear 62h.

Accordingly. the operation of the first and second motors
70 and 72 causes rotation of the gears 50a.h and 52a.h and
60u,h and 62a.b in cach of the gear sequences formed by the
first and second transmission assemblies 40 and 42.

In addition, the drive pins 54a.h and 64a,h intcrconnect
the two transmission assemblics 40 and 42 as will now be
described in further detail with reference to FIGS. 4-6. The
section views of FIGS. 4-6 do not show the minor pin and
drive gears 60a.b and 62a,h. but these views do illustrate the
minor eceentrics 26a,b and minor drive pins 64a,b extending
from these minor gears 60a.b and 62a.b. FIGS. 4-6 thus
iffustrate the relative positions of the major components of
the transmission assemblics 40 and 42 during the first and
sccond modes.

The operation of the transmission system 34 in its first
mode is represented in FIG. 4, while the operation of the
transmission system 34 in its second mode is represented in
FIG. 6. The operation of the transmission system M in a
third. or intermediate. mode is represented in FIG. 5.

As generaily described above, when the system 20 is
initially activated. the first and second motors 70 and 72 are
both operated. but the second motor 72 is operated at a
higher torque than the first motor 72. The minor gears 60c.h
and 62a,h of the sccond transmission assembly 42 will thus
initially rotate at a higher speed than the major gears 50a,b
and 52a,b of the first transmission assembly 40.

The minor eccentric members 26a,h will thus initially
rotate until the major drive pin 54« is received by the second
pin pocket 102 of the first minor cceentric member 26« and
the major drive pin 54b is reccived by the first pin pocket
100 of the second minor cecentric member 26b. Similarly,
the minor drive pins 64a,h will initiatly rotate until the first
minor drive pin 64a is reccived by the lirst pin pocket 100
of the first major eccentric member 24u and second the
minor drive pin 64b is received by the second pin pocket 102
of the seccond major eccentric member 24bh.

Accordingly. as shown in FIG. 4 and gencrally described
above, when the transmission system 34 operates in the first
mode, the major eccentric members 24a,h are counter-
rotated in-phase with each other and the minor eccentric
members 26a,b are counter-rotated in phase with cach other.
However, the major eccentric members 24a,h arc {80
degrees out of phase with the minor eccentric members
26a,h. Accordingly. both lateral and longitudinal forces
generated by the rotating eccentric members 24a,h and
26a,h are substantially cancelled.

Continued operation of the motors 70 and 72 increases the
rotational speed of the eccentric members 24a,b and 26a.5.
But because the lateral and longitudinal forces are cancelled,
the eccentric vibration device 22 doces not vibrate. The
cccentric vibration device 22 thus is unlikely to cause
resonant vibration of any components attached thereto when
the transmission system 34 operates in the first mode.

After the rotational speed of the eccentric members 24a,b
and 26a,b reaches the desired operating speed, the operating
conditions of at least one of the first and sccond motors 70
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and 72 is altered such that the torque ol the first motor 70
exceeds the torgue of the second motor 72. The transmission
assembly 34 then enters the third or intermediate mode as
shown in FIG. § at this point.

Because the torgue of the Jirst motor 70 now exceeds the
torque of the second motor 72, the rotational speed of the
major gears 50u,b and 52a,b exceeds the rottional speed of
the minor gears 60a.h and 62a.h during the intermediate
maode. Accordingly. as shown in FIG. 5, the major cceentrics
24a.b are displaced refative 1o the minor pins 64a.b and the
major pins 5da.b are displaced refative to the niinor ceeen-
trics 26a,b. The cccentrics 2da,h and 26a.h continue 1o rotate
at or near the desired operating speed while the transmission
assembly 34 is in the third mode. Depending at the manner
in which the torque differential is aftered. the third mode can
fast from a part of a revolution to a plurality of revolutions
ol the eccentrics 24a.b and 26a,c.

Referring again now 1o FIG. 1. that figure further illus-
trates an example hydraulic system 120 that may be used to
provide power o and control the operation of the vibration
device 22. The hydrauiic system 120 comprises a reservoir
122, an engine 124, and a pump 126 that form a supply of
pressurized fuid. The pump 126 is connected to inputs 130
and 132 of the first and second motors 70 and 72, respec-

tively. Qutputs 134 and 136 of the motors 70 and 72 are -

connected 10 the reservoir 122. A check valve 150 is
connected between the output of the pump 126 and the
output of the ow restrictor 140

The output 134 of the first motor 70 is indirectly con-
neeted to the reservoir 122 through a flow restrictor 140. The
output 136 of the second motor 72 is directly connected to
the reservoir 122. A control valve 142 is configured to place
the flow restrictor 140 in a first configuration or in a second
configuration. In the first conliguration, the flow restrictor
140 restricts the Now of Huid through the first motor 70. In
the sccond configuration, the flow restrictor 140 docs not
restrict the flow of fluid through the first motor 70.

In the example hydrautic system 120, the first motor 70 is
sized such that the torque of the first motor 70 is greater than
the torque of the second motor 72 at an equivalent flow rate
of hydraulic fluid. The flow restrictor 140 is sized and
dimensioned such that. in its first configuration, the torque of
the first motor 70 is reduced to a level below the torque of
the second motor 72. The transmission system 34 is thus
placed in the first mode when the flow restrictor 140 is in its
first configuration. When the flow restrictor 140 is in the
sccond configuration, the torque of the first motor 70 is
greater than that of the second motor 72 and the transmission
system 34 is placed in the second mode.

The hydraulic system 120 is advantageous in that a single
engine 124 and pump 126 may be used with simple hydrau-
lic parts to operate the cccentric vibration device 22 as
described above. Hydraudic systems such as the hydrautic
system 120 have further proven to be reliable when used
with eccentric vibration systems. However, other hydraulic
systems and other power and control systems such as
electric or pneumatic may be used to operate the vibration
device 22 of the present invention.

Referring now to FIG. 7. depicted therein is a driving
system 220 for driving an clongate member 222 into the
ground 224 at a desired location 226. The elongate member
222 may be any member adapted to be driven into the
ground but is usually a wood, metal. or conerete pile or a
caisson as depicted in FIG. 7.

The driving system 220 comprises a support structure 230
and a support cable 232 suspended from the support struc-
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ture 230. The example support structure 230 is depicted as
a crane, but other support structures may be used.

The driving system 220 further comprises a suppressor
system 240 and a clamping system 242. The suppressor
system 240 is rigidiy connected to the support cable 232 and
the vibratory device 22 and inhibits transmission of vibra-
tory forces 1o the support structure 230 through the support
cable 232. The clamping system 242 rigidly connected to the
vibratory device 22 and the clongate member 222 such that
vibratory forces are transmitted to the member 222, The
reservoir 122, engine 124, pump 126, Nlow restrictor 140
control valve 142, and check valve 150 are typically
remotely located from the vibratory device 22 in what is
commonly referred to as a power pack (not shown in FIG.
.

As shown in FIG. 7. the vibratory device 22 is operated
as deseribed above to drive the clongate member 22 into the
ground at a slight batter. However. the exact manner in
which the vibratory device 22 is configured will depend
upon such actors as the nature of the clongate member 222,
the ground 224, and intended use of the member 222 alter
it has been driven into the ground 224,

Given the foregoing. the present invention may be
embodicd in forms other than those shown and described
herein. The scope of the present invention should thus be
determined by the claims appended hereto and not the
foregoing detailed description of the invention.

I claim:

1. An cccentric vibration system comprising:

at feast one major cccentric member:

at least one minor cccentric member;

a first motor assembly:

a second motor assembly: and

a transmission system for connecting the first and sccond

motor assemblies 1o the major and minor cceentric

members, where the transmission system comprises

at least one direet gear;

at least one pin gear: and

at least one drive pin extending from the pin gear;
whereby

the transmission system operates in

a lirst mode when a torque of the first motor assembly
is less than a torque of the second motor assembly.
and

a second mode when the torque of the first motor
assembly is greater than the torque of the second
motor assembly:

when the transmission system operates in the lirst and

sccond modes. the first and second motor assemblies
rotate the major and minor cceentric members through
the at least one direct gear, at least one pin gear, and at
least one drive pin such that transverse vibratory forces
generated by the major eccentric member substantially
cancel transverse vibratory forces generated by the
minor eccentric member;

when the transmission system operates in the first mode.

the first and sccond motor assemblies rotate the major
and minor cccentric members through the at feast one
direct gear. at least one pin gear, and at least one drive
pin such that longitudinal vibratory forces generated by
the major cccentric member substantially cancel lon-
gitudinal vibratory forces generated by the minor
cccentric member: and

when the transmission system operates in the second

mode, the first and second motor assemblies rotate the

major and minor eccentric members through the at least
one dircct gear. at least one pin gear, and at least one
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drive pin such that longitudinal vibratory forces gen-

erated by the major cccentric member are added to

longitudinal vibratory forces generated by the minor
cceentric member.

2. An cceentric vibration system as recited in claim 1,
comprising a plurality of major cccentric members and a
plurality of minor cceentric members. where:

the first and second motor assemblics counter-rotate the

major eccentric members through the transmission sys-

tem such that transverse vibratory lorces generated by
the major cecentric members are substantially can-
celled in both the first and second maodes: and

the first and second motor assemblics counter-rotate the

minor cccentric members through the transmission

system such that transverse vibratory forces generated
by the major eccentric members are substantiaily can-
celled in both the first and second modes.

3. An cceentric vibration system as recited in claim 1
further comprising a control assembly for controlling the
torque of at least one of the first and sccomnd motor assem-
blies to place the transmission system in a sclected one of the
first and sccond modes.

4. An cceentric vibration system as recited in claim 1,
further comprising a power supply for supplying power to
the first and second motor assemblics.

5. An cceentric vibration system as recited in claim 4,
further comprising a control assembly for controlling the
amount of power applied to at least one of the lirst and
second motor assemblics 1o place the transmission system in
a selected one of the first and second modes.

6. An cceentric vibration system as recited in claim 5. in
which:

the first and sccond motor assemblics are hydraulic motor

assemblics:

the power supply is a source of hydraulic fluid connected

1o the lirst and sccond hydraulic motor assemblies: and

the control assembly is a control valve that restricts the

flow of hydraulic [luid through the first hydraulic motor
assembly.

7. An cccentric vibration system as recited in claim 6. in
which a lirst rated torque associated with the first motor
assembly is greater than a second rated torque associated
with the second motor assembly.

8. An cceentric vibration system as recited in claim 1. in
which the transmission sysiem compriscs:

a first transmission assembly comprising

a major direct gear, where the major direct gear is
rigidly connected to the major eccentric member, and
operatively connected to the first motor assembly

such that operation of the first motor assembly
causes rotation of the major direct gear,
a major pin gear, where the major pin gear is opera-
tively connected to the major direct gear such that
rotation of the major dircct gear causes rotation of
the major pin gear. and
a major drive pin extending from the major pin gear to
engage the minor eccentric member: and
a second transmission assembly comprising
a minor direct gear. where the minor direct gear is
rigidly connected to the minor eccentric member.
and

operatively connected to the second motor assembly
such that operation of the second motor assembly
causes rotation of the minor direct gear.
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10
a minor pin gear. where the minor pin gear is opera-
tively connected to the minor direct gear such that
ratation ol the minor direct gear causes rotation of
the minor pin gear, and
a minor drive pin extending from the minor pin gear to
engage the major cecentric member; whereby
when the transmission system operates in the first mode,
the minor pin gear rotates the major eceentric member
through the minor drive pin. and
the minor eceentric member rotates the major pin gear
through the major drive pin: and
when the transmission system operates in the second
mode.
the major eccentric member rotates the minor pin gear
through the minor drive pin. and
the major pin gear rotates the minor eccentric member
through the major drive pin.
9. An cccentric vibration system as recited in claim 1,
further comprising:
first and second major eccentric members:
first and sccond minor eccentric members; wherein
the transmission system compriscs:
a first transmission assembly comprising
first and sccond major direct gears. where the lirst
and major direet gears are
rigidly connected to the lirst and sccond major
ceeentric members, respectively, and
operatively connected to the first motor assembly
such that operation of the first motor assembly
causes rotation of the first and sccond major
direct gears,
first and sccond major pin gears, where the first and
second major pin gears are operatively connccted
10 the lirst and sccond major direct gears such that
rotation of the major direct gears causes rotation
of the major pin gears. and
first and second major drive pins extending from the
first and sceond major pin gears (o engage the first
and sccond major eccentric members, respec-
tively: and
a second transmission assembly comprising
first and second minor direct gears. where the lirst
and minor direct gears are
rigidly connected to the first and sccond minor
eccentric members, respectively. and
operatively connected to the first motor assembly
such that operation of the {irst motor assembly
causes rotation of the first and second minor
direct gears,
first and second minor pin gears, where the first and
second minor pin gears are operatively connected
1o the first and second minor direct gears such that
rotation of the minor direct gears causes rotation
of the minor pin gears, and
first and second minor drive pins extending from the
tirst and second minor pin gears 1o engage the first
and second minor eccentric members. respec-
tively: whereby
when the transmission system operates in the first mode.
the minor pin gears rotlate the major eccentric members
through the minor drive pins. and
the minor eccentric members rotate the major pin gear
through the major drive pin: and
when the transmission system operates in the second
mode,
the major eccentric member rotates the minor pin gear
through the minor drive pin. and
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the major pin gear rotates the minor eceentric member
through the major drive pin.
10. An cccentric vibration system as recited in claim 1. in
which:
the major and minor cceentric members are arranged
along a transverse system axis: and
the transmission system is substantially symmetrically
arranged about the transverse system axis.
11. An cceentric vibration system as recited in claim |, in
which:
the major and minor cceentric members are arranged
along a transverse system axis; and
the transmission system comprises first and sccond trans-

mission  assemblics  substantially  symmetrically
arranged on opposite sides ol the transverse system
axis.

12. An cccentric vibration system as recited in claim 8. in
which:
the major and minor eccentric members are arranged
along a transverse system axis: and
the first and sccond transmission assemblies are substan-
tially symmetrically arranged on opposite sides of the
ransverse system axis.
13. An cceentric vibration system as recited in claim 9, in
which:
the major and minor cceentric members are arranged
along a transverse system axis: and
the first and second transmission assemblies are substan-
tially symmetrically arranged on opposite sides of the
transverse system axis.
14. An cccentric vibration system as recited in claim 13,
in which:
the first motor assembly cngages and rotates the first
major pin gear, the first major pin gear engages and
rotates the first major direct gear. the first major dircet
gear engages and rotates the second major direet gear.
and the second major direct gear engages and rotates
the second major pin gear; and
the second motor assembly engages and rotates the first
minor direct gear. the first minor direct gear engages
and rotates the first minor pin gear, the first minor pin
gear engages and rotates the second minor pin gear. and
the second minor pin gear engages and rotates the
second minor direct gear.
15. An cccentric vibration system comprising:
at least one major eccentric member:
at least one minor eccentric member:
a first motor assembly:
a second motor assembly: and
a transmission system for connecting the first and second
motor assemblics to the major and minor eccentric
members, where the transmission system operales in
a first mode when a torque of the first motor assembly
is less than a torque of the second motor assembly.
and
a second mode when the torque of the first motor
assembly is greater than the torque of the sccond
motor assembly; whereby
when the transmission system operates in the first and
sccond modes, the first and second motor assemblics
rotate the major and minor eccentric members through
the transmission system such that transverse vibratory
forces generated by the major eccentric member sub-
stantially cancel transverse vibratory lorces gencerated
by the minor eccentric member:
when the transmission system operates in the first mode.
the first and sccond motor assemblies rotate the major
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and minor eccentric members through the transmission
system such that longitudinal vibratory lorces gener-
ated by the major cecentric member substantially coan-
cel longitudinal vibratory Torees generated by the minor
ceeentric member:

when the transmission system operates in the sccond

maode, the first and second motor assemblies rotate the
major and minor eceentric members through the trans-
mission system such that longitudinal vibratory forces
sencrated by the major cecentric member are added to
longitudinal vibratory forces generated by the minor
ceeentric member: and

the transmission system comprises:

a first transmission assembly comprising

a major direct gear. where the major direct gear is

rigidly connected 10 the major ceeentric member,
and

operatively connected to the first motor assembly
such that operation of the first motor assembly
causes rotation ol the major direct gear.

a major pin gear. where the major pin gear is
operatively connected 1o the major direct gear
such that rotation of the major direct gear causes
rotation of the major pin gear, and

a major drive pin extending from the major pin gear
to engage the minor cceentric member; and

a sccond transmission assembly comprising

a minor direct gear. where the minor direct gear is

rigidly conncected to the minor ceeentric member,
and

operatively connected to the second motor assem-
bly such that operation of the second motor
assembly causes rotation of the minor direct
gear,

a minor pin gear, where the minor pin gear is
operatively connected to the minor direct gear
such that rotation of the minor dircct gear causes
rotation of the minor pin gear. and

a minor drive pin extending from the minor pin gear
10 engage the major cccentric member: whereby

when the transmission system operates in the first
mode,

the minor pin gear rotates the major eccentric mem-
ber through the minor drive pin, and

the minor eccentric member rotates the major pin
gear through the major drive pin; and

when the transmission system operates in the second
mode,

the major eccentric member rotates the minor pin
gear through the minor drive pin. and

the major pin gear rotates the minor eceentric mem-
ber through the major drive pin.

16. An cceentric vibration system as recited in claim 18.
comprising a plurality of major eccentric members and a
plurality of minor cceentric members. where:

the first and second motor assemblics counter-rotate the

major eccentric members through the transmission sys-
tem such that transverse vibratory forces generated by
the major cccentric members are substantially can-
celled in both the first and sccond modes: and

the first and second motor assemblies counter-rotate the

minor cccentric members through the transmission
system such that transverse vibratory lorces generated
by the major eccentric members are substantially can-
celled in both the first and second modes.

17. An cceentric vibration system as recited in claim 15,
[urther comprising a control assembly Tor controlling the
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torque of at least one of the first and second motor assem-
blies to place the transmission system in a selected one of the
first and sccond modes.

18. An eccentric vibration system as recited in claim 185,
further comprising o power supply for supplying power to
the first and sccond motor assemblies.

19. An cecentric vibration system as recited in claim 18,
further comprising a control assembly [or controlling the
amount of power applied to at least one of the first and
second motor assemblies to place the transmission system in
a selected one of the first and second modes.

20. An cceentric vibration system as recited in claim 19,
in which:

the first and second motor assemblies are hydraulic motor

assemblies:
the power supply is & source of hydraulic fluid connecled
to the first and second hydraulic motor assemblies; and

the control assembly is a control valve that restricts the
flow of hydraulic fluid through the first hydraulic motor
assembly.

21. An cceentric vibration system as recited in claim 20,
in which a first rated lorgue associated with the first motor
assembly is greater than a second rated torque associated
with the sccond motor assembly.

22. An cccentric vibration system as recited in claim 15,
in which:

the major and minor cceentric members are arranged

along a transverse system axis: and

the transmission system is substantially symmetrically

arranged about the transverse systen axis.

23. An cecentric vibration system as recited in claim 15,
in which:

the major and minor cccentric members are arranged

along a transverse system axis; and

the transmission system comprises first and second trans-

mission  assemblics  substantially  symmetrically
arranged on opposite sides of the transverse system
axis.

24. An ceeentric vibration system as recited in claim 15,
in which:

the major and minor cccentric members are arranged

along a transverse system axis: and

the first and second transmission assemblies are substan-

tially symmetrically arranged on opposite sides ol the
transverse system axis.

25. An cceentric vibration system comprising:

first and second major eccentric members:

first and sccond minor eccentric member:

a lirst motor asscmbly:

a sccond motor assembly: and

a transmission system for connecting the first and second

motor assemblics to the major and minor cccentric

members. where the transmission system operates in

a first mode when a torque of the first motor assembly
is less than a torque ol the second motor assembly.
and

a sccond mode when the torgue of the first motor
assembly is greater than the torque of the second
motor assembly: whereby

when the transmission system operates in the first and

second modes. the first and second motor assemblies
rotate the major and minor eccentric members through
the transmission system such that transverse vibratory
forces generated by the major eccentric member sub-
stantially cancel transverse vibratory forces generated
by the minor eccentric member:
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when the transmission sysiem operates in the first mode.
the first and second motor assemblies rotate the major
and minor cccentric members through the transmission
system such that longitudinal vibratory forces gencer-
ated by the major cccentric member substantially can-
cel longitudinal vibratory forces generated by the minor
cccentric members;
when the transmission system operates in the second
mode, the first and second motor assemblices rotate the
major and minor cceentric members through the trans-
mission system such that longitudinal vibratory forces
generated by the major eccentric member are added to
longitudinal vibratory forces generated by the minor
cecentric member; and
the transmission system comprises
a first transmission assembly comprising
flirst and second major direct gears, where the first
and major direct gears are
rigidly connected to the first and sccond major
eccentric members. respectively. and
operatively connected to the first motor assembly
such that operation of the first motor assembly
causes rotation of the lirst and second major
direct gears,
first and second major pin gears, where the first and
second major pin gears are operatively connected
1o the first and second major direct gears such that
rotation of the major direet gears causes rotation
ol the major pin gears. and
first and sccond major drive pins extending from the
first and second major pin gears to engage the first
and sccond major cccentric members. respee-
tively: and
a second transmission assembly comprising
first and second minor direct gears, where the first
and minor direct gears are
rigidly connceted 1o the first and second minor
ceeentric members, respectively. and
operatively connected to the first motor assembly
such that operation of the first motor assembly
causes rotation of the first and sccond minor
dircct gears.
lirst and second minor pin gears. where the first and
second minor pin gears are operatively connected
to the first and second minor direct gears such that
rotation ol the minor direet gears causes rotation
of the minor pin gears, and
first and second minor drive pins extending from the
first and second minor pin gears (o engage the lirst
and second minor cccentric members. respec-
tively; whereby
when the transmission system operates in the first mode,
the minor pin gears rotate the major eccentric members
through the minor drive pins, and
the minor cccentric members rotate the major pin gear
through the major drive pin: and
when the transmission system operates in the second
mode,
the major eccentric member rotates the minor pin gear
through the minor drive pin, and
the major pin gear rotates the minor eccentric member
through the major drive pin.
26. An cccentric vibration system as recited in claim 28,

in which:

the first and second motor assemblies counter-rotate the
major eccentric members through the transmission sys-
tem such that transverse vibratory forces generated by



US 7,168,890 Bl

15
the major eccentric members are substantially can-
celled in hoth the first and sccond modes; and

the first and second motor assemblies counter-rotte the

minor cceentric members through the transmission
system such that transverse vibratory forces generated
by the major cecentric members are substantially can-
celled in both the first and second modes.

27. An eceentric vibration system as recited in claim 25,
further comprising a control assembly Tor controlling the
torque of at least one of the first and second motor assem-
blies to place the transmission system in a selected one of the
first and sccond modes.

28. An ceeentric vibration system as recited in claim 25,
further comprising a power supply for supplying power to
the first and second motor assemblics.

29. An cceentric vibration system as recited in claim 28.
further comprising a control assembly for controlling the
amount of power applied to at least one of the first and
second motor assemblies (o place the transmission system in
a sclected one of the first and second modes.

30. An cceentric vibration system as recited in claim 29,
in which:

the first and second motor assemblics are hydraulic motor

assemblies;
the power supply is a source of hydraulic fluid connected
to the first and sccond hydraulic motor assemblies: and

the control assembly is a control valve that restricts the
flow of hydraulic fluid through the first hydraulic motor
assembly.

31. An cceentric vibration system as recited in claim 30,
in which a first rated torque associated with the first motor
assembly is greater than a second rated torgue associated
with the sccond motor assembly.

32. An cecentric vibration system as recited in claim 285,
in which:
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the major and minor cccentric members are arranged
along a transverse system axis; and
the transmission system is substantially symmetrically
arranged about the transverse sysiem axis.
33. An ceeentric vibration system as recited in claim 25,

in which:

the major and minor cceentric members are arranged
along a transverse system axis; and

the transmission system comprises first and second trans-
mission  assemblics  substantially  symmetrically
arranged on opposite sides of the transverse system
axis.

34. An cccentric vibration system as recited in claim 25,

in which:

the major and minor cceentric members are arranged
along a transverse system axis: and

the first and second transmission assemblies are substan-
tially symmetrically arranged on opposite sides of the
(ransverse system axis.

35. An cccentric vibration system as recited in claim 34,

in which:

the first motor assembly engages and rotates the first
major pin gear. the first major pin gear engages and
rotates the first major direct gear, the first major direct
gear engages and rotates the second major direct gear.
and the sccond major direct gear engages and rotates
the sccond major pin gear: and

the second motor assembly engages and rotates the first
minor direct gear, the first minor direct gear engages
and rotates the first minor pin gear, the first minor pin
gear engages and rotates the second minor pin gear. and
the second minor pin gear engages and rotates the
second minor direct gear.





