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(57 ABSTRACT

A pile driving system comprising an engaging system com-
prising a suspension system, a vibratory system, and first and
second clamp assemblies. The primary housing is operatively
supported by an arm assembly of a support system. The
suspension system is configured to resiliently oppose move-
ment of a secondary housing within a limited range of move-
memnt relative to a primary housing. The vibratory system is
rigidly connected to the secondary housing. The first and
second clamp to assemblies are supported by the secondary
housing. In a first mode, the first clamp assembly rigidly
connects the secondary housing to the pile, and in a second
mode the second clamp assembly rigidly connects the sec-
ondary housing to the pile. The pile driving system drives the
pile using a driving force generated by the support system
and/or a vibrational force generated by the vibratory system.
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SYSTEMS AND METHODS FOR HANDLING
PILES

RELATED APPLICATIONS

This application claims priority of U.S. Provisional Patent
Application Ser. No. 60/700.768 filed Jul. 20, 2005, the con-
tents of which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to pile handling systems and
methods and, more specifically, to pile handling systems and
methods that allow piles to be gripped from the side or the top
and which use a combination of driving and vibratory forces
to drive the pile.

BACKGROUND OF TIIE INVENTION

Modem construction design ofien requires piles to be
driven into the earth at desired locations. In the context of the
present invention, the term “pile” will be used to refer to a
rigid, elongate member capable of being driven into the earth.
Piles may take many forms and arc normally used as part of
the footing for a structural element such as a building foun-
dation or bridge picr, but pilcs may be used for many rcasons,
and the end use of the pile is not a part of the present invention.

The term *drive™ as used herein refers to the application of
a force along a longitudinal axis of the pile either to force the
pile into the earth or to extract the pile from the earth. The
terms “handle™ or “handling” as used herein refer both to the
driving of a pile into the earth and to the movement of pile
ptior to driving.

The presentinvention is of particular significance when the
piletakes the form of a steel H-beam, and that application will
be described herein in detail. However, the principles of the
present invention may be applied to other pile configurations,
such as cylindrical piles (e.g., wooden piles, pipe piles, cais-
sons, etc.) and/or sheet piles.

Pile handling systems that use vibratory loads in combina-
tion with driving loads are highly effective at forcing piles
into or extracting piles from the earth. The vibratory forces of
such vibratory pile driving systems are transmitted to the pile
to be driven by a clamping assembly. The to clamping assem-
bly ensures that the vibratory forces in both directions are
applied to the pile to be driven.

Conventional clamping assemblies engage an end of the
pile such that the driving and vibratory forces are applied
along an axis of the pile. Some specialized pile handling
systems employ clamping assemblies that are adapted to grip
a side of the pile. Other specialized pile handling systems
employ clamping assemblies that are adapted to grip either a
side or an end of the pile. The ability to grab either the side or
the end of a pile facilitates both moving of the pile prior to
driving and driving of the pile without the use of additional
equipment. The present invention relates to pile handling
systems having clamping assemblies that are adupted to grip
either the side or the end of the pile.

The need exists for improved pile handling systems
capable of gripping a pile from either the side or the top and
driving the pile with a combination of driving and vibration
forces.

SUMMARY OF THE INVENTION

Apiledriving system comprising an engaging systemcom-
prising a suspension system. a vibratory system, and first and
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second clamp assemblies. The primary housing is operatively
supported by an arm assembly of a support system. The
suspension system is configured to resiliently oppose move-
ment of a secondary housing within a limited range of move-
ment relative to a primary housing. The vibratory system is
rigidly connected to the secondary housing. The first and
second clamp assemblies are supported by the secondary
housing. In a first mode, the first clamp assembly rigidly
connects the sccondary housing to the pile, and in a second
mode the second clamp assembly rigidly connects the sec-
ondary housing to the pile. The pile driving system drives the
pile using a driving force generated by the support system
and/or a vibrational to force gencrated by the vibratory sys-
tem.

BRIEF DESCRIPTION OF TIIE DRAWINGS

FIG. 1 is a perspective view depicting a pile handling
system constructed in accordance with the present invention
being used to drive a pile;

F1GS. 2 and 3 arc side clevation views of the pile handling
system depicted in FIG. 1 being used in a first orientation to
drive a pile:

FIGS. 4 and 5 arc sidc clevation views of a portion of the
pile handling system of FIG. 1 illustrating a first axis of
rotation;

F1G. 6 is a top plan view illustrating a driving assembly of
the pile handling system of FIG. 1;

FIGS. 7 and 8 are right and left side elevation views.
respectively. of the driving assembly of FIG. 6;

FIG. 9 is a top plan view depicting a second axis of rotation
of the pile handling system of FIG. 1;

F1G. 10 is a side clevation, partial cut-away view depicting
a vibration assembly of the driving assembly of FIG. 6;

FIGS. 11 and 12 arc top plan views illustrating a third axis
of rotation of the pile handling system of FIG. 1;

FIGS. 13 and 14 are top plan, sectional views depicting
closed and opened configurations, respectively, of a side
clamping system of the driving assembly of FIG. 6;

FIG. 15 is a side elevation view depicting the driving
assembly of FIG. 6 being used to split nested sheet piles for
lifting access;

FIGS. 16 and 17 are aside clevation views depicting the use
of a bottom clamping system of the driving assembly of FIG.
6 to lift piles in horizontal and vertical orientations, respec-
tively: and

FIGS. 18 and 19 are side elevation views depicting a
detachable bottom clamp assembly in attached and detached
configurations, respectively, that may be used with the driv-
ing assembly of FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

Referring initially to FIG. 1 of the drawings, depicted at 20
therein is a pile handling system constructed in accordance
with, and embodying, the principles of the present invention
InFIGS. 2and 3, the pile handling system 20 is shown driving
a pile 22 into the ground 24 at a desired location 26. The
example pile 22 is an H-beam that defines a pilc axis A as
shown in FIGS. 2-5 of the drawings. Although FIGS. 1-3
illustrate the pile handling system 20 driving an example pile
that takes the form of an H beam, the pile handling system 20
may be used to handle and drive sheet piles such as the sheet
piles 28 depicted in FIG. 15 of the drawings.

The pile handling system 20 comprises a support system 30
and a main assembly 32. The support system 30 is or may be
conventional and will be described herein only to the extent
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necessary for a complete understanding of the present inven-
tion. As shown in F1G. 1. the support system 30 comprises a
vehicle 40 from which an arm assembly 42 extends. The arm
assembly 42 comprises a distal arm member 44, a linkage
assembly 46, and a distal arm actuator assembly 48.

The main assembly 32 comprises a coupling assembly 50
and an engaging system 52. The coupling assembly 50 is
adapted 1o allow the engaging system 52 to be attached to the
support system 30. In particular, the coupling assembly 50
compriscs a yoke member 60, a coupler mount 62, and first
and second lateral actuator assemblies 64 and 66. The yoke
member 60 is connected to the distal arm member 44 by an
arm pin 70 and to the linkage assembly 46 by a linkage pin 72.

As shown in FIGS. 4 and 5, operation of the distal arm
actuator assembly 48 causes the main assembly 32 to rotate
about a first axis B. When attached to the pile 22, the main
assembly 32 thus aflows the axis A of the pile 22 to be tilted
forward and backward within a planc defined by the arm
assembly 42 of the support system 30.

Referring now to FIG. 6, this figure shows that the yoke
member 60 is connected to the coupler mount 62 by a coupler
pin 74 that defines a second axis C. The first and second lateral
actuator assemblies 64 and 66 are connected between the
yoke member 60 and the coupler mount 62 such that length-
ening of one of the lateral actuator assemblies and shortening
of the other lateral actuator assemblies forces the coupler
mount 62 to rotate relative to the yoke member 60 as shown in
FIG. 9. The connection of'the yoke member 60 to the coupler
mount 62 allows the coupler mount 62, and thus the main
assembly 32, to be rotated about the second axis C relative to
the yoke member 60.

Referring now to FIGS. 6-8, 11, and 12, depicted therein is
a coupler bearing assembly 80 and a rotation actuator 82. The
coupler bearing assembly 80 engages the coupler mount 62
for rotation about a third axis D. The coupler bearing assem-
bly 80 is or may be conventional and is sized and dimensioned
to rotatably support the weight of the main assembly 32 and
pile 22. When the rotation actuator 82 is rotated, the main
assembly 32 rotates about the third axis D relative to the
coupler mount 62.

The coupling assembly 50 thus attaches the engaging sys-
tem 52 to the arm assembly 42 such that the engaging system
52 may be displaced in many different positions relative to the
vehicle 40 in addition to those positions allowed by the con-
ventional anm assembly 42 of the support system 30.

Referring now for a moment back to FIGS. 6-8, those
figures illustrate that the engaging system 52 of the main
assembly 32 comprises a primary housing 120 and a second-
ary housing 122. The primary housing 120 is rigidly con-
nected to the coupler bearing assembly 80 such that the pri-
mary housing 120 may be pivoted about the first and second
axis B and C and rotated about the third axis D as generally
described above. The secondary housing 122 is suspended
from the primary housing 120 by a suspension system 124
comprising a plurality of elastomeric members 126.

Whife the secondary housing 122 generally moves with the
primary housing 120 relative to the axis B, C, and D, the
suspension system 124 allows the secondary housing 122 to
move within a limited range of movement relative to the
primary housing 120. In particular, the elastomeric members
resiliently oppose movement of the secondary housing 122
relative to the primary housing 120. As will be described in
further detail below, the secondary housing 122 vibrates dur-
ing normal operation of the engaging system 52, and the
suspension system 124 inhibits transmission of these vibra-
tions to the primary housing 120 and thus the support system
30 connected thereto.
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As perhaps best shown in FIG. 7, the example main assem-
bly 32 defines eight attachment locations 1264-1265 where
the elastomeric members 126 connect the primary housing
120 to one side of the secondary housing 122. Another eight
attachment locations are formed between the primary hous-
ing 120 and the other side of the secondary housing 122 as
illustrated in FIG. 8.

FIGS. 7 and 8 illustrate that the example main assembly 32
is configured to comprise six elastomeric members on cach
side of the secondary housing 122 for atotal of 12 elastomeric
members. Referring for a moment back FIG. 7, it can be seen
that the six elastomeric members shown therein are located at
the attachment locations 126a, 1265. 126¢, 126¢. 126g, and
1264, with the attachment locations 1264 and 126/ being
empty. The six elastomeric members on the other side of the
secondary housing 122 similarly occupy six out of eight of the
attachment locations on that other side.

The number of clastomeric members 126 determines the
amount of shock absorption provided by the suspension sys-
tem 124. In the cxample main assembly 32 depicted in FIGS.
7 and 8, the twelve elastomeric members provide suspension
tuned for a particular pile configuration and soil conditions.
With the different pile configurations and/or soil conditions.
fewer than twelve or more than twelve elastomeric members
126 may be located at the attachment locations depicted in
FIGS. 7 and 8.

As perhaps best shown in FIGS. 7 and 8, the engaging
system 52 further comprises a side clamp system 130, a
bottom clamp system 132, and a vibrational system 134. The
example side clamp system 130, bottom clamp system 132,
and vibrational system 134 arc hydraulic systems power to
which is provided by a hydraulic fluid supply schematically
depicted at 136 in FIG. 1. The hydraulic fluid supply is con-
nected to the clamp systems 130 and 132 and vibrational
system 134 by hoses (not shown) in a conventional manner.
The hydraulic fluid supply is conventionally also connected
to the various actuator assemblies described above. The
hydraulic fluid supply 136 is or may be conventional and will
not be described herein in further detail.

Referring now to FIGS. 6, 13, and 14. the side clamp
system 130 will be described in further detail. In particular,
FIGS. 13 and 14 illustrate that the side clamp system 130
comprises a clamp arm 140, a side clamp actuator assembly
142. and a link arm 144. The clamp arm 140 is pivotably
attached to the secondary housing 122 for rotation about a
clamp axis E. The side clamp actuator assembly 142 is rigidly
supported by the secondary housing 122. The link arm 144 is
connected between the side clamp actuator assembly 142 and
the clamp arm 140. As shown in FIGS. 13 and 14, extension
or retraction of the side clamp actuator assembly 142 causes
movement of the clamp arm 140 between a closed position
(F1G. 13) and an open position (FIG. 14).

FIGS. 13 and 14 furtherillustrate that an arm grip assembly
146 is secured to the clamp arm 140 and a stop grip assembly
148 is attached to the secondary housing 122. When the clamp
arm 140 is in its open configuration, a gap exists between the
arm grip assembly 146 and stop grip assembly 148. When the
clamp arm 140 is in its closed position, the arm grip assembly
146 engages the stop grip assembly 148 to define a first clamp
plane F,.

The ann grip assembly 146 comprises a pair of movable
grip members 150a and 1504, while the stop grip assembly
148 compriscs a pair of fixed grip members 152a and 1525.
These example grip members 150a,6 and 1524,b are rectan-
gular rigid members adapted to securely grip the pile 22 to
transmit both driving and vibratory forces to the pile 22, but
other shapes and configurations may be used. The use of
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different materials, surface treatments, and/or texturing on
the surfaces of the grip members 150a,b and 1524.5 can help
increase friction between the engaging system 52 and the pile
22. The pairs of grip members 150a,b and 152a.b defines
upper and lower first gripping locations X, and X, as shown
for example in FIG. 1. The upper and lower first gripping
locations X, and X, both lie in the first clamp plane F.

In addition, the example arm grip assembly 146 compriscs
a first pick member 154, while the example stop grip assem-
bly 148 comprises a second pick member 156. The pick
members 154 and 156 define tip portions 1544 and 1564 that
can be used to move piles under certain circumstances. The
pick members 154 and 156 atlow the side clamp system 130

to pick one, two, or more sheet piles from a nested stack of

such piles. For example, F1G. 15 shows a stack of sheet piles
28 from which two sheet piles are being separated from a
nested stack of piles by inserting the second pick member 156
between the two piles being removed and the remaining piles
in the stack. The side clamp system 130 of the present inven-
tion thus allows one sheet pile to be removed from the stack to
a position where the pile can be gripped using the side clamp
system 130 in a conventional manner.

Referring now to FIGS. 18 and 19, the bottom clamp sys-
tem 132 will now be described in further detail. The bottom
clamp system 132 comprises a fixed clamp member 160, a
moveable clamp member 162, and a bottom clamp actuator
assembly 164. The fixed clamp member 160 is secured rela-
tive to the secondary housing 122. The moveablc clamp mem-
ber 162 is mounted on the bottom clamp actuator assembly
164, and the bottom clamp actual assembly 164 is secured
relative to the secondary housing 122.

The bottom clamp actuator assembly 164 is configured
such that extension thereof causes the moveable clamp mem-
ber 162 to engage the fixed clamp member 160 in a second
clamp plane F, defined by the fixed clamp member 160. In
particular. the clamp members 160 and 162 engage each other
at a third gripping location Y. The third gripping location Y
lies in the second clamp plane F,. As shown in FIGS. 16 and
17, the pile 22 may thus be gripped by the bottom clamp
assembly 132 to move the pile as shown in FIG. 16 and/or to
drive the pile 22 as shown in FIG. 17.

Referring back to FIGS. 18 and 19. it can be scen that the
example bottom clamp system 132 comprises a bottom clamp
housing 166 that is attached to the sccondary housing 122
using a plurality of bottom clamp bolts 168. FIGS. 18 and 19
further depict first and sccond bottom clamp guide surfaces
170 and 172. These guide surfaces 170 and 172 are slanted
towards a gap between the fixed and moveable clamp mem-
bers 160 and 162 to help direct a pile or portion of a pile into
this gap.

Referring now to FIGS. 6-7 and 10, the vibrational system
134 will now be described in forther detail. As perhaps best
shown in FIGS. 7, 8. and 10, the cxample vibrational system
134 comprises an upper eccentric member 180, a lower
eccentric member 182, and a middle eccentric member 184.
These eccentric members 180, 182, and 184 are secured rela-
tive to the secondary housing 122 for rotation about first,
second, and third eccentric axes G,, G,, and G,, respectively.
The eccentric axes G,. G, and G, are aligned along a vibro
axis H. The mass of the upper and lower eccentric members
180 and 182 is substantially equal to that of the middle eccen-
tric member 184. Accordingly, when the upper and lower
cccentric members 180 and 182 are counter-rotated together
relative to the middle eccentric member 184, lateral forces are
cancelled and vertical forces are sumuned, yielding a vibra-
tory force in both directions along the vibro axis H.
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The vibrational system 134 is contained within a vibro
housing 186 attached to or formed as part of the secondary
housing 122. In addition, as shown in FIG. 10, the vibrational
system 134 comprises a vibro drive 188, the output shaft of
which is rigidly connected to a master drive gear 190. The
upper eccentric member 180 and lower eccentric member 182
are rigidly connected to upper and lower slave gears 192 and
194, respectively. The middle eccentric member 184 is rigidly
connected to a middle slave gear 196. The master drive gear
190 engages the middle slave gear 196 such that rotation of
the vibro drive 188 causes rotation of the middle slave gear
196. The upper and lower slave gears 192 and 194 are in fturn
cngaged with the middle slave gear 196 such that rotation of
the middle slave gear is transmitted to the slave gears 192 and
194.

The vibro axis 11 is substantially aligned with the clamp
plane F, such that the vibrational forces created by the vibra-
tional system 134 are transmitted directly to the pile 22 to be
driven. In addition, the vibro axis H is substantially parallel to
and spaced a short distance from the third axis D about which
the main assembly 32 is rotated.

"The first and second clamp planes F, and F, are angled with
respect to each other. In the example system 20, the clamp
planes I¥; and I°, are substantially orthogonal to cach other as
is apparent {from an examination of the drawings. The first and
second gripping locations X, and X, are spaced from each
other in the first clamp plane 1, while the third gripping
location Y is spaced from the first and second gripping loca-
tions X, and X, within the second clamp plane F2.

Therelationship of the first and second clamp planes F, and
F, and first, second, and third clamping locations X,. X,. and
Y changes the character of the clamp assemblies 130 and 132
and allows the system 20 to be used as required by a particular
task at hand. The first clamp assembly 130 is particularly
suited to gripping a side of un H-beam type pile as depicted in
FIGS. 1-5 but can also be used to pick sheet piles from a stack
as shown in FIG. 15. The second clamp assembly is particu-
larly suited to gripping an end of an H-beam type pile as
depicted in F1G. 17 but can also be used to move piles around
prior to driving as shown, for example, in F1G. 16.

During driving of a pile such as the example elongate pile
22 or sheet piles 28, in addition to the vibrational forces
created by the vibrational system 134, the support system 30
applies a driving force (in either direction) to the pile 22
through the main assembly 32. The driving force is applied
substantially along the third axis D as defined above. When
the pile 22 is gripped by the support system 30, the pile axis
A is substantially parallel to the third axis D and the vibro axis
I1and is spaced a short distance from these axes D and I1. The
pile handling system 20 thus applies both driving and vibra-
tory forces along axes that are substantially aligned with the
pile axis A, thereby minimizing bending moments on the pile
22 during insertion and extraction.

The pile driving system 20 thus may be used operates in
either of first or second modes using the first and second
clamp assemblies 130 and 132, respectively, to secure the
secondary housing 122 to the pile 22. In addition. the pile
driving system may be used in a third mode, in which the first
clamp assembly is used to pick one or more sheet piles 28
from a stack or in a fourth mode to move piles 22 or 28 around
prior to driving. The pile driving system 20 is thus a highly
flexible device that can easily and efficiently accomplish a
number of tasks related to the movement and driving of piles
of different types.

From the foregoing, it should be clear that the present
invention may be embodied in forms other than those
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described above. The above-described systems are therefore
to be considered in all respects illustrative and not restrictive.

What is claimed is:

1. A pilc driving system for driving a pile comprising:

a support system comprising an arm assembly;

a yoke member operatively attached to the arm assembly;

an arm actuator asscmbly operatively connected between
the arm assembly and the yoke member such that actua-
tion of the arm actuator assembly displaces the yoke
member relative to the arm assembly:

acoupler mount operatively connected to the yoke member
for rotation relative to the yoke member;

atleast one lateral actuator assembly operatively connected
between the yoke member and the coupler mount to
rotate the coupler mount relative to the yoke member:

a coupler bearing assembly operatively connected to the
coupler mount:

an engaging system comprising a primary housing and a

secondary housing, where the primary housing is opera-

tively connected to the coupler bearing assembly such
that the engaging system rotates relative to the support
system:

rotation actuator for causing the engaging system to

rotate relative to the support system:

a suspension system configured to resiliently oppose
movement of the secondary housing within a limited
range of movement relative to the primary housing:

a vibratory system rigidly connected to the secondary
housing;

a first clamp assembly supported by the secondary housing,
where the first clamp assembly comprises
first and second grip members configured to define a first

clamp plane,

at least one pick member extending laterally relative to
at least one ol the grip members in a direction sub-
stantially parallel to the first clamp plane, where each
pick member defines a tip portion; and

a second clamp assembly supported by the secondary
housing;

whereby the engaging system operates in
a first mode in which the first clamp assembly rigidly

connects the secondary housing to the pile: and

a second mode in which the second clamp assembly
rigidly connects the secondary housing to the pile;

a third mode in which the second clamp assembly rigidly
connects the secondary housing to a side portion of
the pile: and

a fourth mode in which the tip portion of the at least one
pick member engages at least one sheet pile of a
substantially horizontal stack of shect piles to remove
the at least one sheet pile from the stack of sheet piles;
and

the pile driving system drives the pile in at least one of the
first and second modes using at least one of
a driving force generated by the support system. and
a vibrational force generated by the vibratory system.

2. A pile driving system as recited in claim 1, in which:

the first clamp assembly is optimized to grip a side edge of
the pile; and

the second clamp assembly is optimized to grip an end of
the pile.

3. A pile driving system as recited in claim 2, in which:

the first clamp assembly defines first and second clamp
locations arranged in the first clamp plane;

the second clamp assembly defines a third clamp location
arranged in a second clamp plane.

&
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4. A pile driving system as recited in claim 3. in which the
third clamp location is spaced from the first and sccond clamp
lecations.

5. A pile driving system as recited in claim 1, in which:

s the first clamp assembly defines first and second clamp

locations;

the second clamp assembly defines a third clamp location:

and

the third clamp location is spaced from the first and second

10 clamp locations.

6. A pile driving system as recited in claim 1, in which the
support system allows displacement of the engaging system.

7. A pile driving system as recited in claim 1. in which the
first clamp assembly comprises a plurality of pick members,

15 where at least one pick member of said plurality of pick

members is fixed relative to the secondary housing and at least
one pick member of said plurality of pick members is mov-
able relative to the secondary housing.

8. A pile driving system as recited in claim 1. in which the

20 suspension system comprises:

a plurality of mounting locations: and

a plurality of resilient members extending between the

primary and secondary housings at least some of the
mounting locations.

9. A method of driving a pile comprising the steps of:

providing an engaging system comprising a primary hous-

ing and a secondary housing:

operatively connecting a yoke member to an arm assembly

of a support system,;

30  operatively connecting an arm actuator assembly between
the arm assembly and the yoke member such that actua-
tion of the arm actuator assembly displaces the yoke
member relative to the arm member:

operatively connecting a coupler mount to the yoke mem-
5 ber:
operatively connecting at least one lateral actuator assem-
bly between the yoke member and the coupler mount to
rotate the coupler mount relative to the yoke member;
operatively connecting a coupler bearing assembly to the
40 primary housing and the coupler mount, where the cou-
pler bearing assembly allows rotation of the engaging
system about a rotation axis relative to the support sys-
tem;

arranging a rotation actuator to cause the engaging system

45 to rotate relative to the support system about the rotation

axis;

configuring a suspension system to resiliently oppose

movement of the secondary housing within a limited
range of movement relative to the primary housing;

so  rigidly connecting a vibratory system to the secondary

housing;

supporting a first clamp assembly from the secondary

housing, where a first clamp member comprises first and
second grip members configured to define a clamp

53 plane:

supporting at least one pick member such that the at least

one pick member extends laterally relative to atleast one
of the first and second grip members in a direction sub-
stantially parallel to the first clamp plane. where each

60 pick member defines a tip portion;

supporting a second clamp assembly from the secondary

housing:

operating the first clamp assembly in a first modc to rigidly

connect the secondary housing to a side of the pile; and

65  operating the second clamp assembly in a second mode to

rigidly connect the secondary housing to an end of the
pile:

(%]
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operating the second clamp assembly in a third mode to
rigidly connect the secondary housing to the side of the
pile;

operating the second clamp assembly in a fourth mode in
which the tip portion of the at least one pick member
engages at Icast one sheet pile of a substantially hori-
zontal stack of sheet piles to remove the at least one sheet
pile from the stack of sheet piles: and

driving the pile in at least one of the first and second modes
using at least one of
a driving force generated by the support system, and
a vibrational force generated by the vibratory system.

10. A method as recited in claim 9, in which:

the second clamp assembly defines a second clamp plane;
and

the first and second clamp planes are substantially perpen-
dicular to cach other.

11. A method as recited in claim 9. in which:

the first clamp assembly defines first and second clamp
locations; and

the second clamp assembly defines a third clamp location;

10
further comprising the step of spacing the third clamp
location from the first and second clamp locations.
12. A method as recited in claim 11, in which:
the second clamp assembly defines a second clamp plane:
further comprising the step of arranging the first and sec-
ond clamp assemblies such that the first and second
clamp planes are substantially perpendicular to each
other.
13. A method as recited in claim 9, further comprising the
10 steps of:
providing the first clamp assembly with a first pick member
that is fixed relative to the secondary housing; and
providing the first clamp assembly with a sccond pick
member that is movable relative to the secondary hous-
ing.
14. A method as recited in claim 9, in which the step of
providing the suspension system comprises the steps of:
defining a plurality of mounting locations; and
connecting at least one resilient member between the pri-
mary and secondary housings at least one of the mount-
ing locations.
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